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[
F E Sratonary D Marine :"‘:‘;:V @ Diese! D Dual Fuel D Heavy Fuel E V type D inling

No. Cylnaers | Bore T Strone T TCvcles » T Total Displacement IC(,\:{"OIQ J Ea e R
16 | 17 IN. 21 IN.| “ 176,266 CU-IN, RIGHT HAND
- r $o— e — —+- ———be ————— . — ———— o - ——
BMEP | BrP Crankshaft Rotation | Starting System
! CLOCKWISE WHEN VIEWED PILOT AIR, GEAR
225 PSI| 9770 @ 450 RPM FROM FLYWHEEL END ODRIVEN DISTRIB.
' [ Firing Order P N e o o N . i i _'J

e AL-BR-4L-SR-TL~2R-3L-6R-8BL~-I1R-SL-4R~2L~-TR-6L-3R

- —
Fuel imject.on Timing

22° LEFT BANK, 21° RIGHT BANK BEFORE TOP DEAD CENTER, SET 13.06 IN
LEFT BANK, 12.46 IN. RIGHT BANK BTDC ON A 68 IN. DIAMETER FLYWHEEL

3 ._.A lnjec ton ;,‘mp an ‘-'-'.;“. load - - =T 2
n— - - - - 3 7 MM -— —y
valve Clearance Coln Engine
INTAKE; 0.030 IN, EXHAUST; 0.030 IN.
FACTORY TEST RESULTS (Average Full Load Data)
Item Diesel I Dual Fue!
EXHAUST TEMPERATURE | 977° F |
oo - —— - - - t — —wk — ————
AIR MANIFOLD PRESSURE 48.5 IN.-HG | |
[Py, s - - 'I - s ————
AIR MANIFOLD TEMPERATURE 128° F
———— — - N b—_— e
AMBIENT TEMPERATURE | ¢ bl
———— e et e et e -+ — f —— ———
BAROMETRIC PRESSURE ! 29.70 !N.—HGi

NOTE  Exhaust temperatures are the average tor all cylinders during lactory test under LOCAL AMBIENT CONDITIONS
Tempe:atures in the fwid, therefore. may excevd this average temperature Always include secial numbers when

Power Engnes

communicating with DELAVAL Enguw and Compressor Division concerming engine performance, or when ordering
Spare Or replacement parts
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Transamenca SRS W o
Engine and Compressor Division

550 85th Avenue
PO Box 2161

T Oakland. California 94621

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 and furnished and delivered to the Purchaser hereunder shall
be of the kind and quality described in the Company's specifications, and no other warranty or guaranty 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 after delivery but
not exceeding 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 are defective, replace such defective parts free of charge, f.0.b. cars at its warehouse in Qakland,
California, but the Company will not be liable for repairs or alterations unless 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 expiess 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 to be returned to 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 guarant.es 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
liability 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, to include changes in design or material which are improvements,
Also reserved s the right to furnish equipment of design modifications best suited to a particular installation, location,
or operating condition, as long as such modification exceeds Purchaser's design specifications. The Company cannot
be responsible for including improvements made after start of production on Purchaser's equipment

FormS981 (R2) V18
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SECTION 1
INTRODUCTION

PURPOSE.

The purpose of this instruction manual is to assist the owner and operating personnel in the operation, maintenance,
adjustment and repair of the Transamerica Delaval Inc., Engine and Compressor Division equipment described on the
data sheet in the front of the manual. The instructions given herein cover generally the operation and maintenance of
this equipment. Should any questions arise which is not answered specifically by these instructions, they should be
referred to Transamerica Delaval for further detailed information and technical assistance

SCOPE OF MANUAL.

Th's manual cannot possibly cover every situation connected with the operation, adjustment, inspection, test, overhaul
and maintenance of the equipment furnished. Every effort is made to prepare the text of the manual so that engineering
and design data is transformed into the most easily understood wording. Transamerica Delaval, in furnishing this equip:
ment, must presume that the operating and maintenance personnel assigned thereto have sufficient technical knowledge
to apply sound safety and operational practices which may not be otherwise covered herein. In applications where
Transamerica Delaval furnished equipment is to be integrated with a process or other machinery, these instructions
should be thoroughly reviewed to determine the proper integration of the equipment into the overall plant operational
procedures.

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 to emphasize or highlight because of their
importance 1o 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

c. WARNINGS - Operating procedures, practices, etc., which could result in personal injury or possible loss of life
if not correctly followed.

CUSTOME ASSISTANCE.

Transamerica Delaval Engine and Compressor Division maintains a statf of factory trained service personnel who are
ava'lable at nominal rates to assist or advise in the i stallation, overhaul and repair of 'Enterprise’ machinery. It is
recommended that one of these service men be requested when extensive repairs are being made on the equipment. If
assistance i1s required, write or wire Transamerica Delaval, Engine and Compressor Division, Customer Service Depart:
ment, furnishing complete information including serial numbers.
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PARTS MANUAL.

The Parts Manua/, designated Volume |1, contains engine specifications, group parts lists, assembly parts lists and
assembly drawings which are appiicable to the unit, Instruciions are provided to assist in the ordering of spare and
replacement parts. The assembly drawings are intended to assist in the identification of parts, however, it is recom
mended that the part numbers appearing on these drawings not be used when ordering parts. Rather, use the part
numbers shown on the appropriate group parts list.

ASSOCIATED PUBLICATIONS MANUAL.

The Associated Publications Manual, designated Volume 111, is an alphabetical assembly of manufacturer’s bulletins,
forms, instructions, etc. which are applicable to the components which are furnished with the engine. but which are not
of Transamerica Delaval Engine and Compressor Division manufacture. The contents are indexed, both alphabetically
by manufacturer, and numerically by Transamerica Delaval Engine and Compressor Division part number

GENERAL ENGINE DESCRIPTION.

The Model RV diesel engine is a four stroke-cycle, turbocharged, aftercooled, V type engine The angle of the Vee s
45 degrees. Trunk type pistons, removable wet-type cylinder liners, pressure lubrication and mechanical fuel injection
are features of the engine. Individual fuel injection pumps are provided for each cylinder and, as they are of standard
design, are interchangeable. The fuel lines are of equal length and are relatively short, reducing line surge 10 @ minimMum.
Fuel pumps, nozzies and orifice size and angle are all carefully matched to the engine and the fuel 1o be used to give a
maximum thermal efficiency. Engine rotation and cylinder bank designation are determined while facing the engine at
the flywhee! Number one cylinders are always the pair farthest from the flywheel end

AvID) 78 1.2 (A1 479
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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
Certitied installation and foundation drawings are furnished to each customer which detail the dimensions and
installation requirements for that particular umt.

FOUNDATION DRAWING.

The foundation drawing will be accurately dimensioned and must be carefully observed Carelessness in locating
foundation bolts, pipes, conduits and drains will ca2use difficulty during installation and alignmert of the unit It is
essential that the foundation be constructed to the highest standards of accuracy

INSTALLAT/ON DRAWING.

The installation drawing details the measurements for machinery location, distances required for normal maintenance
tasks and the overhead clearances necessary for pisi0) 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. Flow 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 to 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 crankshaft
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FOUNDATION.

Make a foundation bolt template, using the certified foundation drawing to 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.
Piace and support the template from the foundation forms. Anchor securely to prevent movement of the template.
Thread foundation bolt into lower nut in pipe sleeve being careful not to damage cap at bottom of nut Insert
foundation bolts and sleeves in holes provided in the template then tighten the upper nuts, Sleeves must be securely
held in correct position to 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 to tie the bolt assemblies to other
reinforcing rods already in the foundation. Recheck template position, alignment and elevation before pouring con
crete. It is recommended that a DELAVAL Engine and Compressor Division service representative be present to
check bolt layout. The foundation is to be poured monolithic and must be suitably reinforced with reinforcing steel
Let concrete set for 10 days before installing equipment, and 30 days before running equipment

MATERIAL WOODEN PLANKS SECURELY NAILED TOGETHER

1
i
|
|
\

-
| \ /2-6 sNAILED TOGETHER
. 4

- §' . ‘ ’ 4 1 x6CROSS BRACING

¢ NOTCH TOP OF 2x G AT COANERAS TOSUIT

’/2 » 6 ON EDGE PIPE SPACER

4 \ /
- A —

NEVAANT

\
7 ™ 3 e 2 2]
( . ) ALLOW 1/227 CLEARANCE
‘ - - \ * * ON DIAMETER

,.‘
N -
=
:

PLAN VIEW SECTION A A

Figure 2 1. Suggested Foundation Bolt Template

FOUNDATION BOLT ASSEMBLIES

The foundation bolts are so designed hat 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

G/A/AVIS| 74 22
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PREPARATION FOR INSTALLATION.

Before landing the unit on the foundation, the surfaces of the foundation must be roughened wherever grout 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 10 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 stee! plates at jacking screw
locations, level plates and grout in place,

PLACING ENGINE OVER FOUNDATION.

Position engine over foundation and insert four toe jacks, cne at each corner of the engine, inboard of the shipping
skids. It 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 to 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.

a 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 @ mixture of powdered graphite and engine lubricating oil. The lower end of the jack ing screws should be
coated with wax to 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 graphige 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 foundaticn
bolts with oil and graphite powder then place washers and nuts on bolts.

e Level and align the engine. Refer to Section 6, Part D of this manual for the meihod of tak ing crankshaft
web deflection measurements. Record web deflection measurements on Form D 1063, Insure that all sole plate jacking
screws are so adjusted »s 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
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CRANKSHAFT WER DEFLECTION AND THRUST CLEARANCE RECORD
CUSTOMER ENGINE MODEL SERIAL NO.

Use this torm 1o record crankshatt detiection and thrust clearance information Thrust clesrance should be measured by the dial indicator
methad Deflection and thrust clearance should be checked and recorded immediately atter grouting or chocking the unit. the day before
unit start up. after 7 days (168 hours) of continuous operation. and each 6 months thereatter Deflection and thrust clearance checks
made atter the umit (s in service should be made while the engine is hot, Le., within & hours after the unit has been shut down Record
the temperature of the oil in the engine lube oIl sump tank or engine base.

Whan an engine in which the connecting shaft s solidly coupled to the flywheel s grouted on 8 concrete foundation, the desired
deflection st crank position No 3 s 2ero 1o plus [+ 1| mil (one thoussndth! in all cranks except the crank adjacent to the fy wheel
which should be minus (-) 172 mil This detlection allows for thermal distortion of the concrete foundation

When an engine s mounted on a steel toundation | e, Marine iINstaliations, spErOP! ate COMPENtationy for thermal distortions of the
toundation wiil be based on the locations and temperatures of fuel and lubricating oil tanks adiscent 1o the engine foundation

If the deflection in any crank in an sngine in service exceeds 3 mils, corrective action must be taken Also, if the total deflection vaiue
" any two adjscent cranks excesds 3 mils, corrective action must be taken Example, a +2 mus in any crank with & <2 muls i the next
sdjacent crank sdds up 1o & total of 4 mils defiection between these adiacent cranks The exception to the above will be engines that
have & flexible coupling between the fiywhee! and the connecting shaft. These engines may have in excess of 3 mils defisction at
position No 3 in the crank adiacent 10 the Hywhes! In engines with yohdly coupled connecting hatt ng excessive deflaction at povitions
No 2.3, or 4 in the crank adiscent to the external shalting usually indicates mualignment between the connecting shafting and the
engine crankshatt

Set the deflection geuge 8t 2ero at position No 1 and turn the crankshalt in the direction of normal rotation

Position No. 1 tor placing the “eflection gauge i1 o follows  ALL INLINE ENGINES 157 AFTER BOTTOM CENTER
MY HVA & GVB ENGINES 38 AFTER VERTICAL BOTTOM CENTER
RV ENGINES 527 AFTER VERTICAL BOTTOM CENTER

Recnrd 01 sump temperature and thrust clearance and sign the form
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Record readings 0 mils, e, 1% rather than 0.00128 inehes
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Figure 2.2. Crankshaft Alignment Record, Form D 1063
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MOUNTING FLYWHEEL AND CONNECTING SHAFT.

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

a Apply a thin coat of anti-seize lubricant such as “Molykote or "Lubriplate’” to the mating surfaces of
the flywheel and the flange, then mount the flywheel on the engine crankshaft flange. Make sure no dirt is allowed
between the mating surfaces while the tiywheel is being mounted. Install three retaining plates (see figure 2.3) and
draw the flywheel up on the flange until it is seated.

b Bring the connecting shaft into position, lu
bricate the mating surfaces with antiseize lubricant,
align the half.inch locating hole in the connecting shatt
flange with the locating hole in the flywheel and move
the connecting shaft into engagement with the fywheel
Keep dirt trom entering the mating area. Use two long
ane 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
geuges between face of connecting shaft flange and fly
wheel to be sure the flange is fully seated and square
with the flywheel

¢ Special tapered aligning dowels and a fly
whee! bolt reamer are avalable from the DELAVAL
Engine and Compressor Division Service Department for
use in aligning and fitting the flywheel bolts. Lubricate
the two aligning dowels with a thin coat of antiseize
lubricant then tap them into two opposite flywheel
bolt holes, aligning the bolt holes with those of the
shatt flanges. Do not drive dowels up hard. Ream two

flywhee! bolt holes with the special reamer and measure Wote/ 0 N4 Ry b
digmeter of reamed hole to the nearest 0.0006 inch,
and compare diameter of resmed hole with diameter of Figure 2.3  Fiywheel Mounting

bolt. Reamed hotes should be approximately 00006

ineh larger than the bolts 1o allow for an easy tap fit. Do not drive the bolts in with a sledge, hydrauhic ram or jack.
Coat bolts with an anti-seize lubricant and fit into reamed holes. Lubricate threads with powdered graphite and engine
ol assemble nuts on bolts and draw up tight Remove two temporary bolts and aligning dowels and fit remaining
boits Torque all bolts to the torque specitied in Appendix IV

GROUTING.

Check alignment of crankshatt, then align driven equipment. Tighten foundation bolts an driven equipment moder
ately with jacking screws in place. then recheck entire alignmaent including crankshaft. Hecord crankshatt deflections
on Form D 1063, Crankshaft Alignment Record. A DELAVAL Engine and Compressor Division wervice representative
must be present 1o supervise alignment procedures.

s Pour and vibrate the grout under the engine and driven squipment. |t is recommended that & representative
of the grout supplier be present at the instaliation to be sure that grout is prepared and placed in accordance with
specitications. Do not Hill bolt shield holes with grout.

b. Ammhuomd.mmmmm.betmummcuno-hmdwmmmm

to the specified value. Snug all bolts in & crisscross pattern, then apply & light torque 1o each, Using the same criss-cros
pattern, Continue applying torque in increments and in the same pattern until the final torque value is reached
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PIPING SYSTEMS.

DELAVAL Engine and Compressor Division furnishes suitable piping diagrams to the purchaser or his design agent,
recommending minimum pipe sizes for all service lines. In addition, the following should be observed in the fabrication
and installation of piping not furnished with the unit, but procured from other sources.

4 Piping must never cause deflection in the mounting of reciprocating or rotating auxiliary equipment, nor
should heavy auxiliary equipment ever be supported by service piping.

b. Whenever there is a possibility of deflection, flexibility must be designed into the piping.

c. Chill rings should not be used in welded pipe joints as they tend to retain scale, welding slag and beads
which can come loose as the pipe becomes hot during operation.

TREATMENT OF PIPING.

It is strongly recommended by DELAVAL Engine and Compressor Division that all lubricating oil and fuel gas system
piping be pickled by a company specializing in this kind of work. Such a company will have the necessary equipment
and possess the technical knowledge to completely clean and prepare the pipe for service. Piping which is furnished by
DELAVAL Engine and Compressor Division with the unit will have been pickled at the time of fabrication. All piping
procured from other sources should be pickled and prepared as follows:

a Accessible welds inside carbon steel pipes and fittings must be visibly inspected and the welding beads
ground off. All fabricated steel pipes, valves and fittings must be blown clean with steam or air to remove loose scale,
sand and welding beads, and be cleaned by the following procedure before the pickling process.

(1) Wirebrush the entire surface, including the interior with boiler tube brushes or a commercial pipe
cleaning apparatus, then blast thoroughly with air to remove loose particles,

(2)  Depending on the degree of contamination, submerge parts for 16 minutes or longer in a solution
containing seven to ten ounces of anhydrous trisodium phosphate or sodium hydroxide and one ounce of detergent,
Military Specification MIL-D 16791 to one gallon of water at 200° F (93.39 ) to insure complete removal of paint
and grease,

(3)  Rinse parts in warm, fresh water at 120° F (48.9° C) to prepare them tor the acid treatment,

(4)  Pickle tabricated carbon steel pipes and fittings by submerging them for 30 to 46 minutes in an
scid bath containing one part of sulphuric ar J, 66° Baume 1o 15 parts fresh water, supplemented with an inhibitor,
The acid bath must be maintained at & temperature between 160° F (7112 C) and 186° F (82.2° C). While the parts
are submerged, agitate the bath At the end of the pickling procedure, rinse parts in warm, fresh water. After the
rinse the parts must be momentarily submerged in a cooling solution containing four ounces of sodium carbonate
per gallon of water, then rinsed in cold fresh water and dried by air blast

b Immediately following pickling and rinsing, coat both the inside and the outside of the fabricated steel
pipes and fittings with a rust and corrosion preventive compound and seal the ends to prevent entry of dirt. The
compound must be soluble in the lubricating oil that will be used, and compatible with it 5o as not to contaminate
the oil. Ordinary fubricating o1l will not prevent rust in the pipes. Mechanical cleaning will not completely clean the
pipes, therefore, this method s not acceptable Apply the compound by spraying or flooding the pipes- swabbing
with rags or mops will leave lint

Note

The above procedure is @ minimum requirement to produce acceptable clean piping. Substitute
methods may produce pipes and fittings of squal or better cleaniiness.
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JACKET WATER SYSTEM.

The jacket water system is individual for each engine. The recommended water treatment is sodium dichromate and
boiler compound. Refer to Section 6 of this manual for the method of treatment. The jacket water system consists of
an engine driven jacket water pump to circulate the coolant, a thermostatic valve to regulate the temperature of the
water by diverting the necessary part of the flow through a jacket water cooler, and a standpipe to maintain a constant
head on the pump, and to allow for expansion and bleeding of entrained air, A heater and a "keep-warm’’ pump are
provided to take water from the standpipe, heat it and circulate it through the engine to maintain it in a8 warmed
condition while in standby status. Refer to the jacket water piping schematic drawing in the “Drawings’ section of this
manual for the relative location of system components, pipe sizes and the direction of flow

DAV 78017/78020 27
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COOLING WATER SYSTEM.

There is no separate cooling water system provided by Delaval for the engine. The cooling medium for the jacket water
cooler 15 supplied from other plant sources

PSRV 78017 18020 28
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FUEL OIL SYSTEM.

The fuel system provides the means for storing fuel in the day tank, removal from the day tank and delivery 10 the fuel
injection pumps at the cylinders. The fuel 0/l system piping schematic drawing in the “Drawings’ section of this manual
show the pipe sizes, connections, direction of tlow and relative location of all major components. Fuel injection
equipment 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 initial start up. All piping must be properly supported to minimize pipe vibration
and flange loading. Flexible connections are not recommended at customer connections because of the potential failure
hazard during operation. All piping must be mechanically cleaned after welding and preserved to prevent rust. The
day tank should be mounted high enough to provide adequate suction at the enginedriven fuel oil booster pump
Drains should be provided at all low points and vents at all high points.
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LUBRICATING OIL SYSTEM.

The lubricating 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 to installation of the system

FLOW PRINCIPLE.

Pump suction draws the lubricating oil from the sump tank and discharges it to the lubricating ol cooler. Flow from
the cooler is through a lubricating oil filter and pressure strainer to the engine main headers. A branch line from the
strainer takes o1l 10 the turbochargers. Return is by gravity Hlow from the engine base to the sump tank. Separate lines
direct return flow from the turbochargers from the sump tank. A relief valve, set at 70 psi, provides protection to the
system, and pressure regulating valves regulate the system pressure. Refer to Section 3, Part B of this manual for 8
description of the pressure regulating valve

KEEP WARM CIRCUIT

A “keep warm'' circuit s provided to maintain the lubricating oil charge, and thereby the engine, in a warmed and
lubricated condition when in the standby status. Meaters at the sump tank warm the ol whigh is then pumped by the
keep-warm pump to the keep warm filter and strainer and then 1o the main engine lubricating oil header. To prevent
flooding of the turbochargers, there 1§ no supply to the turbochargers in this circuit

nViNG 19 210
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PLACING LUBRICATING OIL SYSTEM IN SERVICE

Betore the engine is first started, the assembled lubricating oll piping system must be thoroughly flushed with ol
Disconnect the pipe at the pressure strainer (nlet and arrange & temporary Dypass from this pipe 1o the sump tank
The bypess will permit oil circulation through the pipes without filling the internal lubricating ol system of the
engine. Several thicknesses of cioth sack should be secured 1o the outiet of the bypass to catch debris #s it s Hushed
out The sump tank and engine base must be thoroughly cleaned before being filled An suxiliary lubricating ol pump.
or any other continuous duty pump of sutficient capacity, can be used to pump ol during Hushing operations Flushing
should continue for at least eight hours (f care was exercised during fabrication of the system As much as 24 houn
of fiushing may be required for a dirty system. Whan oil is circulating through the system, the pipes should be
thoroughly pounded several times with & heavy hammer 10 loosen dirt and debris. Mot flushing oil will clean better
then cold ol Piping around the o)l cooler requires special attention 1o insure thet the pipes and oil cooler are properly
flushed Precautions must be taken to insure the complete ramovel of testing fluids, water or other Liquids betere
sttempting to flush the cooler

Note
Engines may be received with the strainer mounted on the engine and connected to the engine
lubricating /! header |1 it is cartain that the connections between the strainer and the sngine

oil header have not been disconnected since the engine left the factory, the following peragraph
may be omitted

Disconnect jumper tubes between the engine lubricating il header and the main bearings and between main headers
and suxiliary headers Secure & fine sereen such #s & nylon stock ing over sach main header fitting 1o cateh debris that
may be washed through as the system s flushed Cover main bearing fittings and open ends of susiliary header feeder:
10 prevent the entry of dirt Engine 0/l should be pump through the open system for ot lesst four hours to be sure
that any foreign mater sl remaining in the headers v removed Resssemble internal tubes and brackets s required

I LRl 210A
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INTAKE SYSTEM

Each engine has an independent intake system, the combustion air being piped from outside the engine room through
& remotely installed s filter  An inline silencer is fitted in the pipe just ahead of the turbocharger air inlet The a
Hiter protects the working parts of the angine from the entry of dust Filters should be cleaned st regulasr intervals
to maintan adeguote protection against abrasion and weasr
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EXMAUST SYSTEM

Each engine s provided with an individual, independent exhaust system. The water jacketed, multi pipe passage
manifold discharges directly into the engine mounted turbocharger(s), and the gas then discharges from the turbo
charger(s) through exhaust piping and & silencer 1o atmosphere. As few bends as possible should be used when laying
out exhaust piping Necessary bends should be of long radius. It three to six bends are used, the entire pipe should be
incressed to the next nominal size It more than six bends are necessary, pipe size should be increased two nominal
sizes. The length of exhaust piping 18 not critical, however, i1 an unusually long pipe is used, the pipe size should be
ncreased 1o reduce back pressure. A length of Hexible metal tubing should be installed in the exhaust hine as near
the engine as possible 1o allow tor movement, heat sxpansion, and for isolation of vitwation The exhaust line should
be lagged to minimige heat radiation in the sngine room. A separate support should be provided so the weight of the
exhaust silencer and Line iy not borne by the engine

oAy 212
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STARTING AIR SYSTEM.

The required redundancy of the starting air system is accomplished by utilizing two separate systems. Each consists
of a motor driven air compressor, an air dryer, an aftercooler and a storage tank. Each storage supply is then piped
to solenoid 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 then
send timed pilot signals to the starting air valves in the cylinder heads in the correct sequence and, as each starting
air valve opens, starting air is admitted to the combustion chamber of that cylinder, forcing the piston downward
and rotating the crankshaft This system permits the engine to be < anked even though one supply system fails to
operate, ot 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
OPERATING PRINCIPLES

PART A — GENERAL

WORKING PRINCIPLE.

ENTERPRISE engines operate on the four stroke cycle principle. The complete cycle tor each cylinde: consists of the
intake, compression, power (or expansion) and exhaust strokes, and requires two complete revolutions of the crank
shatt

ey
' 1 3 4
ir INTARE STROXE COMPRESSION STROXE POWER STROXE EXMAUST STROXE
AR L POTn v vEE CLOME Pl IMRATYED N AND ONTEY FRmALET v vl DPENY

Figure 3-A-1. Diagram of Working Principle

INTAKE STROKE
During the downward movement of the piston on the intake stroke, the intake valve is open and combustion air enters
the cylinder. The exhaust valve remains open during the early part of the stroke to scavange the cylinder of any

unburned gases from the previous power stroke. Combustion air enters the cylinder from the turbocharger under
pressure

COMPRESSION STROKE.

Shortly after the piston passes bottom center and starts upward, the intake valve closes and the air s compressed, raising
the temperature of the air to well above the ignition temperature of the diesel fuel Just befare the piston reaches top
center, diesel fuel 15 injected into the combustion chamber by a nozzle 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 thrist transmits power thr ough
the connecting rod to the crankshatt, causing it to rotate. Towards the end of the power stroke the exhaust valve opens
and exhaust gases start to leave the cylinder

EXMAUST 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
SCAVENQING PUrPOses
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PART B — LUBRICATING OIL SYSTEM

GENERAL.

An engine-driven pump draws oil from the sump through a strainer, and discharges it through the lubricating oil cooler
directly to the filter. Filtered oil is then passed through a strainer to the engine lubricating oil header. Qil return to the
sump tank is by gravity flow. An integral safety valve on the pump prevents excess discharge pressure, and a pressure
regulating valve controls the pressure in the engine lubricating oil header. Refer to the Jubricating ol system schematic
drawing for the relative location of components and for the direction of flow.

BUFFER CAVITY
SLEEVE

SENSING CHAMBER

Figure 3-8-1. Qil Pressure Regulating Valve

PRESSURE REGULATING VALVE,

Lubricating oil header pressure in the engine is regulated by a pressure regulating valve, mounted on the pump discharge
piping so that the pump discharge is directed to this valve before reaching any other system components. Set at 60 psig,
it senses header pressure and regulates the bypass volume to muintain the set header pressure. Besides regulating header
pressure, the valve protects the system from excessive pressurs during starts with cold oil, or when flow in the system is
restricted between the pressure regulating valve and the header pressure sensing point. The functioning of the valve is
as follows.

a The "IN port of the valve is connected to the pump discharge line and the “OUT" port is connected to a
bypass line leading back to the engine base. A sensing tube, connecting the valve seal cap to a point on the main
engine oil header, applies header pressure to the valve pressure sensing chamber

b The pressure in the sensing chamber acts against the end of a spool valve, compressing a spring at the
adjusting screw end of the assembly. If the sensed pressure rises above the set point, the lands of the spool valve will
clear the lands on a sleeve. Oil then flows from the inlet section to the outlet section of the regulating valve and back
to the engine base to bypass a part of the pump discharge to reduce the pressure in the header.

A/AVIS/N] T8 as1
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PART B ~ LUBRICATING OIL SYSTEM (Continued)

3 A drilled passage connects the inlet section of the valve to the annular space around the spool valve at the
adjusting screw end. This allows pump discharge pressure to act against the end of the sleeve and oppose the spring
force at the other end. When an excessive pressure differential exists between the pump discharge and the header
pressures, such as when starting with coid oil, or because of an obstruction in the system between the regqulating valve
and the header pressure sensing point, the sleeve is forced towards the sensing chamber end, compressing the spring
This will uncover the lands of the spool valve and the excess oil will bypass through the spool valve and the exces
oil will bypass through the outlet side of the valve back to the engine base

d The oil in the annular space around the spool valve, at the adjusting screw end, will leak past the sealing
grooves of the spool valve and into & cavity in the cap. This cavity functions as a bultfer chamber. To stop valve
oscillation, an adjustable needie valve controls oil spillage from the buffer cavity to the outlet section of the valve

o The o1l header pressure 15 set by increasing or decreasing the spring force acting against the headur pressure
in the valve sensing chamber Turning the adjusting screw in will increase header pressure, and backing it out will
decrease pressure

! Normal lubricating ol pressure 's 50 psi, measured between the engine lubricating o1 strainer and the
engine oil header which is also the pickup pont for all gauges and other instrumentation that show or indicate engine
lubricating oil pressure. Lubricating o1l pressure shutdown devices may take their sensing point at the opposite end of
the engine in which case the shutdown set pressure will take into account the normal change in pressure between the
supply end of the engine and the shutdown sensor under all conditions o! engine speed and lubricating o1l temper ature

FILTERS AND STRAINERS.

The tull flow filter continuously filters all of the lubricating oil from the pump befure it passes to the oil strainer. The
length of time that the lubricating ol and the filter elements may remain in service can best be determined by care
fu'ly watching the result of ol analysis and the pressure drop across the oil filter. Change periods will vary with the
operating conditions to which each individual engine s subjected. During the first two or three days of engine operation
after imitial installation, or after a major overhaul, the basket type strainers at the pump suction and at the oil header
inlet should be checked and cleaned as necessary to remove any debris and foregn matter that may be present Ifat
any time the oil pressure gauge shows a low reading, the following should be done to the degree necessary to correct
the situation,

a Check the ail level in the sump tank, or engine base

b Inspect straner, filter and lubricating o1l cooler. A leak in the cooler may be detected by a sudden incresse
in ol consumption, and by the presence of ol in the cooling water system Leakage may occur in the pack ing between
the tubes and the tube sheet, or may be due to tube erosion, depending on the construction of that particular cooler,

e Inspect all external and internal piping for tightness and freedom from obstructions,

d Dismantie and inspect pump. Reter to manutacturer's instructions on the Associated Publications Manual
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PART C ~ CONTROL SYSTEM

GENERAL

The following is & description of the local engine control system and its operation. The system will start, stop, protect
and monitor the integrity of the diesel/generator in the various modes of operation under guidelines specified by the
various regulatory and standards committees

REFERENCES.

The Associated Publications Manual contains manufacturer’s literature covering the various components of the system.
Of special significance are the Delta Switchboard Company’s publications, which describe the Local Generator Control
Panel. Also significant are the ARO Corporation’s publications which give a clear, concise explanation of the functions
of the various pneumatic logic elements as well as 8 parts breakdown and repair procedures. When ordering spare parts
for the system, refer to the Parts Menua/ 1or the correct part numbers.

DRAWINGS

The drawings provided with these instructions include system schematics, interconnection drawings. and layouts and
connections pertaining to the pneumatic logic board assembly, showing the location and orientation of the compo
nents of the board, the cirouit diagram and checkout procedures. Refer to the control panel group parts list 02 800 for
76017 in the Parts Manual for a listing of the drawings applicable to the system,

OPERATING MODES

There are two base modes incorporated into the system, the OPERATIONAL mode and the MAINTENANCE or
LOCKOUT mode In the OPERATIONAL mode, the unit will sceept a manually injected start signal from either the
remote or local contral location, if certan permissives have been satistied. In the OPERATIONAL mode, the unit will
also accept an emergency “START DIESEL SIGNAL" (SDS) generated from the owner s squipment in respons: 10 4
station emergency. The MAINTENANCE or LOCKOUT mode allows foutine maintenance of repair The unit will not
accapt & start signal while in the MAINTENANCE mode.

CONTROL OPTIONS - REMOTE AND LOCAL.

All contral operations, such as starting, stopping, operating and loading of the diesel/generator are normally carried
out from the owner's Remote Control Room  Signals generated from the Remote Control location are interfsced with
the Loca! Generator Control Panel, allowing the remots oper stor to control all voltage, speed load and synehroni zation
operations, These signals are also interfaced with the electrical and preumatic cirouitry at the Local Engine Control
Panel, allowing the remaote operator to start, stop and monitor the vital system conditions of the unit and (ts suxiliaries
Provisions are also included (1 the system for switching to Local control of disse! /generator operstions i Local control
it selected, starting, $10pPINg and Monitoring operations are cartied out at the Local Engine Contral Panel, while voltage
control, speed/load adjustment synehionization and bresker closure operstions are cartied out from the Local Gener
ator Control Panel In addition, a breakglass station at the Local Generatar Sontrol Panel provides the means of locking
out all remote control in the svent of a remote cirouitty fatlure or 8 station emergency when only lagal contr ol is desired

. While in the OPERATIONAL mode the unit will sccept & manually injected start signal fram the control
location selected by the remote operator. If the unit's entire protective system s permissive, it will stant, come up 1o
governed speed and build voltage automatically, and controls at the wiected location are then used 1o perform loading
operations. While running in this made the unit's entire protective system is setive, and will cause a shutdown in the
event of a maltunction It such & shutdown oceurs, of i & deliber ate stop signal (s applisd from sither control lacation,
the generator eirewit breaker will sutomatically trip to dissonnect the unit fram losd

b Wanemergeney “START DIESEL SIGNAL " (SDS) is generated from the owner s sauipment while the unit

N OPERATIONAL mode. the unit will start if overspesd and generator/switchgear ditferential 1rips anly sre permis
sve i dc power s available, and it 8t least 150 pai stacting e is present in the receivers. Note that the unit will seespt
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such an emergency start signal even if remote control has been disabled by activation of the Lockout Relay at the Local
Generator Control Panel. In such a case, sequencing and load control operations would be performed locally. In the
emergency start condition, the unit will come up to speed and voltage as required and a load permissive signal will be
generated for use in breaker closure and loading. Under this condition, the unit will shut down on overspeed and
generator switchgear ditferential, and, 80 seconds after starting, low low lubricating oil pressure No other protective
device is functional while the unit is operating in response to an SDS signal.

€ I the unit is undergoing it periodic “Exercise Test” at the moment an emergency SDS signal is received,
and runming at a speed greater than 200 rpm, the control system will cause the unit to return 1o & preset voltage and
speed setpoint and will disarm all protection except overspeed, low low lubricating o1l pressure and gener ator /switchgear
differertial 1 the unit s running at a speed of less than 200 rpm, tripping on a fault other than overspeed, gener stor/
switchgear differential or low low lubricating ol pressure, or 0oasting to & stop at the moment an SOS signal is received,
the control system will cause starting air 1o be admitted to the starting air headers on the engine, in addition to disarming
the protective system and returning the unit 1o ity preset voltage and speed setpoints

d Every time the engine is shut off, or given an SDS signal, the setpoints of the voltage regulator and governor
are returnaed to their preset values for fifteen seconds. Thareatter, the preset signal is released 1o allow the operstor at
either the Local Control Panel or the Remote Control Panel, whichever has been selected, to control both voltage and
speed. Note that the governor (s automatically placed in isochranous operation when an SDS signal is received.

“ I the emergency s corrected, and the maintained S0OS signal is terminated, the control system will auto
matically reinstate full shutdown protection. Onee this is done, however, it will require the receipt of another SDS signal
fram the owner's squipment to disarm the shutdown system again. This feature prevents an operator from running the
diesel manually without shutdown protection. The keyed local manual start switch is used 10 allow only suthorized
personnel 16 inithate a local start wauence

f o Mode wilection is accomplished 5o 83 1o a'ford mas imum protection for the plant and also for maintenance
personnel Only the locsl operator can wlect the system’s mode, using the mode selector controls on the Locs! Engine
Control Panel, and local MAINTENANCE siection must be accompanied by 8 remote permissive sgnal 11 the unit is in
the OPERATIONAL mode, the local operstor must place the mode selector wwitch in the MAINTENANCE mode
povtion and depress the MAINTENANCE mode select pushbutton Simultansously, the remote operstor must send &
permissive signal in order to energize the MAINTENANCE mode solenoid switch 1 he unit will not secept & start signal
while (1 s in the MAINTENANCE made. The barring device may be engaged in this mode 10 turn the engine over man
wally or 1f the bart g devios is disengaged and locked out, the unit may be turned over on starting air withou! starting,
by depresnng the Engine Roll pushbutton at the Local Panel An gnnunciator Light will illuminate at the local pane
whenever MAINTENANCE mode s selected It » return to OPERATIONAL mode is desired. the barring device must be
disengaged and locked out, and the mode swisctorn switch muit be manually reset

PANEL ELECTRICAL CONTROL (See Drawing 52218)

The Locsl Engine Control Panel slectricsl cirouitry i shown (o sehematic form on sheets 1 of 4 through 4 of 4 on the
tetetenced drawing

& Starting cirouitry is shown on the left side of sheet | Note that there are two redundant eireuits, sseh having
4 separate d € power source These cireuits are physically spaced @ tar apart @ possible on the panel Solenoid valves
SOL VL SOL 2R SOL YA and SOL 2L are looated on the engine, and when energ red sdmit starting air 1o the sarting
w1 headers on the sngne. They are contralied by contacts of relays B3 R4, ARG and A7 Relgys RD and RE are the
emergency start telays, and B4 and R 7 are for normal starting

B The 8C and 7€ MS contacts sthown are from the mode selector switeh, and they will be in their normally
closed povtion (f the unit is in the OPERATIONAL mode. arming the start eirauitry . Contacts of the Remote/ Locel
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selector switch, located at the owner's Remote Panel, and contacts of the Lockout Relay, located at a break-glass
station at the Local Generator Control Panel, are also used as permissives in starting. If the Remote/Local selector
switch i3 in the Remote position, the REM contacts in the Local Manual Start circuitry will open, disarming the circuit.
It Local position is selected, the REM contacts will be in their normally closed position, and the start circuitry will be
active in the local location. In the event of a remote electrical failure, or if a station emergency occurs and local control
only is desired, operation of the Lockout Relay at the Local Generator Control Panel will open the LR contacts in the
Remote Manual Start Cireuit, and will sutomatically close the REM contacts in the Local Manual Start Circuitry. In
such @ case, all remote control is disarmed, and the unit may be operated from the local panels only. Refer to Trans.
america Delaval Interconnection Drawing 52437 and Delta Swiichboard Company's Drawing D36700 for further details
on the Lockout Relay and the Remote/Local selector switch

¢ The redundant “START DIESEL SIGNAL" (SDS) maintained contacts are from the owner's equipment.
When these contacts close, relays RO and R10 are energized, provided the unit is in OPERATIONAL mode, and if
pressure switches PS.7 and PS8 are closed, indicating that at least 180 psi starting air is left in the receivers. These
pressure switches are present 5o that, it for some reason the unit does not fire (valve closed in the fuel supply line, for
instance), there will be enough starting air left in the receivers for several manual starts. Contacts of RO and R10 are
used to lock out the Shutdown Activating Solenoid, SOL 3, and energize the Shutdown De-activating Solenoids, SOL-6
and SOL -7, causing the shutdown system (0 disarm except for overspeed, generator/switchgear differential and low low
lubricating oil pressure. In addition, contacts of R and R10 will energize relays R3 and RB, provided that tach trans
mitter contacts 81 K1and §81.K2 have not transterred (i.e., the unit is not running at 200 rpm or higher). Contacts of
A3 and ARG are used to energize the starting air solenoids, to energize time delay relays TD1 and TD2, to energize the
R1 relays, to place the governor in isochronous operation, and to energize the pre-position circuit for the voltage
reguiator and the governor setpoints

d Note that §81 failure will not prevent an emergency start. If §8.1 fails to transfer, or even if the device is
faulty and fails to function in any way. S5 1 remains closed and the unit will start. If it fails to open at 200 rpm, com
bustion will clow the air start valves, and no damage s done. Field flash s accomplished by the transfer of §§ 1, which
snargizes relays R13 and R14. Contacts of these relays arm the exciter field flash eireuit, and when voltage builds to
desited levels, field Hlash s terminated by voltage relay contacts integral to the exciter. Note that, as in the start eircuit,
8§81 failure will not prevent field ftlash, due 1o the presence of contacts of time delay relays TD' and TD2 Thesw
contacts are in paraliel with 881, and will flash the exciter field after three seconds through R13 and R14.

. At a manual start either of the switch contacts shown (local or rer ote, whichever location has been selected
for control) are closed momaentarily, which energizes relays R4 and R7. Contacts of these relays are used to energize the
starting av solenoids, time delay relays TD1 and TD2. and the Shutdown Activating Solenoid, SOL 3. Note that
SOL 3 transmits & signal to the preumatic control circuitry, and the Shutdown Activating Sequence begins. This
secuence lasts for approximately 80 seconds, after which time the unit will be running with full shutdown protection
Fiold flash is accomplished a8 in the emergency start cireuit, by $81 transfer, or by contacts of TDY and TD2

! The four Run retays (R1, R1A, RIB and RIC) are latehed 0 by contacts of B3 and A6 at an emergency
start, of by contacts of TD1 and TOZ at o manual start, provided pressure switch PS9 is closed, indicating that the unit
i not tripped. The R relays are used to propagate the Run signal throughout the electrical circuitry. The R2 relay
shown I8 responsive to the latehing of BT or RTA, but there 1+ & 80 wcond time delay (TDJ) betore R2 latehes. Contacts
of B2 are used to diserm various alarm funetions which are normally in & fault state when the unit is stopped, starting
o1 stopping

9 Tachometer transmitter contacts 82 K3 and §82 K4 transter at 430 rpm, energizing relay R26. Contacts
of this relay are used 1o generate the “Up To Speed” permissive for use in sequencing operations. Contacts of the
Undervoltage relays are used to energize relays RY 1A and R, indicating that the unit is “Ready To Load”. Contacts
of these relays are provided for remote sequencer used as needed.
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h. The “Fail To Start” timers, TD4 and TDS, are energized by contacts of R1 and R1A at a start signal. If
neither the tach transmitter nor the Undervoltage relay contacts open within 15 seconds, contacts of the time delay
relays energize relays AUX R1 and AUX R2, producing a “Unit Failure To Start” indication. In addition, contacts of
the time delay relays are used to reset the R1 relays and R2 if such a failure occurs.

REFERENCE TABLES (See Drawing 52218).

The following reference tables list various electrical components and their furctions. Devices covered by these tables
include solenoid valves, time delay relays and relays. Line numbers, corresponding to the line numbers on the schematic
drawing, are included for each device. For relays, the line number of the relay coil is given, and also the line numbers
for the individual contacts. See Table 3-C 3

LOCAL ENGINE CONTROL PANEL (See Drawing 52213).

The Local Engine Control Panel houses those control components which are not engine or remotely mounted, or
mounted, on the generator control panel. Access to the interior of the pane! is through hinged doors in the back and
sides. A B0 point annunciator is mounted on the upper portion of the face of the panel, and pushbuttons are provided
which allow the operator 1o test, silence, acknowledge and reset alarms. Beneath the annunciator, at eye level, are ten
pressure gauges which monitor lubricating oil, turbocharger oil, fuel oil, jacket water, combustion air, starting air and
control air system pressures. A manometer is also provided for monitoring crankcase pressure. There are two level
gauges used, one 1o indicate fuel oil day tank level and one to indicate lubricating oil sump tank level. Status lamps,
separate from the annunciator, are provided to indicate a-c and d-< circuits available, and shutdowns active. An engine
hourmeter is provided which is responsive to relay R1. A tachometer is also included, reading the speed in rpm directly
from the speed transmitter. A remote output is available from this transmitter by removing the burden resistor and
connecting on the 420 MA terminals Essential controls, located in the lower portion of the panel, are separated from
the non-essential controls by a metal barrier. These controls include starting, stopping and mode selection controls, as
well as switches for pumps, heaters and compressors. Delaval engines are arranged so that the engine-driven fuel oil
pump is driven from the free end of the overspeed drive assembly. For nuclear service, 8 d-¢ fuel oil booster pump is
used as & standby pump, and will be activated automatically if & low fuel oil pressure condition arises. Mowever, if the
overspeed drive fails the operator would have no indication that there is no longer overspeed protection. An annunciator
is provided which senses the loss of engine fuel pump pressure and, therefore, alerts the operator to possible loss of
overspeed protection

AUTOMATIC SAFETY SHUTDOWN SYSTEM (See Drawing 62216).

The shutdown system is a network of vent-on-fault pneumatic devices which are arranged in the various systems on the
engine. The venting of such a device is sensed by the pneumatic logic circuitry, and this circuitry then produces a 60 psi
pressure signal which operates a cylinder on the engine to shut off fuel delivery. This shutdown signal is automatically
vented after the unit has rolled to a stop, retracting the cylinder and readying the unit for a restart. In the emergency
condition, a signal is gener ated which blocks the shutdown signal upon receipt of a malfunction indication. Note that
the sensor networ k is always pressurized . it is merely the shutdown signal which is inhibited in the emergency condition.
This allows sensors to be electrically monitored under any condition. Upon application of starting air, several things
oceur directly from the air start header. The governor ol pressure s pneumatically boosted, and the Stop/Run valve on
the engine is pressure driven to the Run position. Note that only the overspeed trip, generator differential protection
and the low low lubricating oil pressure tip remain active in the emergency condition Shutdowns are divided into two
functional groups. The Group | sensors are those which must be “GO" before a start may be accomplished, and the
Group 11 shutdowns are those which would normally be in a shutdown (venting) condition until the engine is running,
jacket water pressure, for instance. Group |1 shutdowns are locked out during engine starts for @ fixed period of time.
The shutdown logic board, 1 A-6147, functions 1o provide the necessary shutdown signals to the engine; when operating
I respOnse 10 an emergency start signal, it prevents the engine from shutting down while still provieing panel indications
of an existing shutdown condition Assuming that 80 psi control air is present at all points marked , the shutdown
logic board functions as follows.
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a If MAINTENANCE mode is selected, solenoid valve SOL-5 becomes energized, admitting a 60 psi contrar
air signal 10 Port § of the shutdown logic board. This signal is applied to port “A” of element NOT 6, inhibiting the
output of that element. Note that an output from NOT 8 is necessary for the pressurization of the Group | shutdown
network. Since the Group | shutdowns must be GO’ before a start can be accomplished, selection of MAINTENANCE
mode effectively prevents the unit from accepting a start signal. Output from SOL -6 also actuates pressure switch PS 10,
which illuminates an annunciator at the control panel to alert the operator that the unit is in MAINTENANCE mode.
The SOL-6 signal is also sent through a shuttle valve (21) to line E-89, where it passes through two shuttie valves s,
Dwg. 52215) and extends the shutdown cylinder (6, Dwg. 52215), which moves the fuel racks *o the NO FUEL position,
cutting off fuel delivery to the engine. This signal also activates the ““Unit Tripped' pressure switches on line E-80,
pressure switches PS-41 and PS9, resetting the pre-position and run relays. In addition, output from SOL 5 pressurizes
valve P, venting the barring device interlock and allowing manual operation of that device

b It OPERATIONAL mode is selected, solenoid valve SOL-6 becomes de-energized, causing a loss of control
air pressure at Port § of the shutdown logic board. There is a consequent loss of pressure at port “A” of NOT 6, which
allows control aw E) from Port 4 to pass through element NOT-6. Note that control air [g’ also pressurizes the
“B" ports of elements MEM 15, AND 11 and AND-7, arming the shutdown line Output from NOT 6 pressur izes the "8"
ports of elements MEM-13 and AND- 17, and also passes through a metering orifice (10) to pressurize port “A" of
NOT 18, port “B” of AND 14 and Port 10. The Port 10 output arms the Group | shutdowns, and the shutdown system
will now permit a start. Note that selection of OPERATIONAL mode also actuates the barring device lockout, as well as
venting the shutdown eylinder on line E-89, allowing fuel rack movement, Loss of pressure at pressure switch PS 10 will
cause the MAINTENANCE mode annunciator light to extinguish,

. AMANUAL START, imitiated from either the local or remote location, whichever is in control, will cause
solenoid valve SOL-3 to become enargized, admitting a 60 psi control air signal to Port 12 of the shutdown logic board
This signal is transmitted through OR-4 to the “C" port of §/R-22, which converts the momentary signal to a constant
output from the “C" port of MEM 13. Note that this output will remain after the momentary signal to /R 22 is lost.
The MEM 13 output pressurizes port A" of AND 17 and, due 10 the presence of control air at the “B” port of that
element, there is an output at port “C” of AND 17. This output signal is directed to port “8" of element NOT 18, but
since there is pressure at port “A" of NOT 18, the element does not have an output at this time. AND 17 output is also
wnt to the "B" port of T/N.O, causing an output from port “‘C” of that element. This signal is conducted to Port § of
the board, and the Port 8 output acts to lock out the vibraswitch trips on line E 24 The Port 9 signal is also directed
through a shuttie valve to actuate valve Py The output from element T/N-@ is also metered through an oritice (1) to
port “A" of OR 5 which transmits a signal to Port 2, and through a check valve (2) to the “A" ports of elements AND-23
and AND 19. The Port 2 output feeds the Group 1| sensors, and is directed through valve P, to the low low lubricating
oil pressure trip line and valve P, Note that the Gioup || sensors and the low low lubricating oil trip sensor will be in a
venting condition until the unit achieves operating pressures, and will not be able to effect a trip at this time

d Group 11 lockout timing is a function of AND-17 output metered through a paralie! orifice/check (21) and
an accumulator at Port 11t takes 60-90 seconds for the metered signal to Hill the accumulator, and this delay is known as
Group |1 lockout timing. Note that the output from T/N-@ is metered through an orifice (1) and OR 6 throughout this
delay period. As the engine builds to proper operating pressure, the sensors in the Group 11 lines shift to the blocking
position, and the metered signal begins to fill the lines. By the time Group 11 lockout timing is completed, the Group 1
shutdown lines should be completely pressurized. When the Port 1 sccumulator is filled, a signal at port “A" of elerment
T/NG terminates the output of that element, and Port @ pressure is lost, venting the vibraswiteh lockout line and
reinstating vibration protection. Note that loss of Port 8 pressure would also vent valve Py, but by this time the metered
Port 2 signal which passes through valve P, should fully pressurize the line and maintain pressure at vaive Py Note also
that although the metered T/N-9 signal to Port 2 is lost, the Port 1 accumulator output is applied to port “A” of AND 14
and port ‘8" of OR6 to mainiain Port 2 pressure. Significantly, this causes the Group 11 shutdown lines to be fed
through the same orifice (10) which feeds the Group | shutdowns. At this time the unit should be running at governed
speed, with all operating temperatures and pressures normal, and with full shutdown protection.
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e If a SHUTDOWN condition should develop which would cause one of the shutdown sensors to vent, there
would be a loss of pressure at either Port 2, in the case of a Group |1 shutdown, or at Port 10, in the case of a Group |
shutdown. Since both ports are fed through orifice (10), a shutdown signal received through either port would vent the
line downstream of the orifice, causing a loss of pressure at port “A" of element NOT 18. Due to the action of a
metering orifice (10), pressure is maintained at port “B" of NOT-13, and since the inhibitory port A" signal at that
element has been lost, control air passes through NOT 18 to port “8" of NOT 24, The signal passes through NOT 24 and
NOT-20 and is transmitted through OR-16 to the “C" port of §/R-12, causing an output at port “C” of MEM- 16 Since
control air is present at port B of AND-11, MEM-15 output transmits through AND-11 and pressurizes Port 8. Port 8
output is conducted through a shuttle valve to line E-89, where it extends the shutdown cylinder, cutting off fuel
delivery and shutting the unit down

f Note that AND-11 output is also passed through an oritice/check (3) and two aceumulators (19) at Port 6,
causing a delay of approximately 120 seconds. When this delay is completed, and shutdown has been accomplished, a
signal is passed through AND 7, which is transmitted to the reset port of §/R-22, causing a 'oss of pressure at port “B”
of NOT-18, which terminates the shutdown signal. AND-7 output also passes through OR 8 to the reset port of §/R-12,
which vents Port B, retracting the shutdown cylinder and readying the unit for a restart.

9 A shutdown due to engine overspeed is accomplished in a different manner. Note that there are two over-
speed trip valves (11, Drawing 52216) which provide "“two out of two'' logic in the event of an overspeed condition, The
arrangement of the valves is such that the tripping of only one overspeed device will not result in a shutdown, The
combined action of both valves is necessary to effect such a shutdown, The circuitry functions as follows Under normal
operating conditions, when an overspeed trip signal is not present, the overspeed trip valves will be in the blocking
position as shown. Control air at 60 psi present in line E-63 is metered through two orifices (12, Drawing 62216) to the
overspeed trip valves, and since they are in the blocking position, the control air signal pilots two three-way valves (13,
Drawing 52216) The valves shift to block the flow of control air to the overspeed trip line, E:20. It an overspeed con-
dition develops, the overspeed trip valves dump the control air pilot pressure from the three-way valves. Control air then
passes through the valves to line E 20. Note that both valves must be in the unpiloted position to complete the shutdown
path. Pressure in line E 20 activates pressure switch PS 11 (Drawing 62218), transmitting the overspeed trip signal to
the electrical system. Line E-20 pressure is also directed to the Overspeed Air Shutot! Cylinder (8, Drawing §22186).
which extends to close the butterfly valve ir the intake air manifold, thereby cutting off the supply of combustion air,
In addition, line E 20 pressure passes through the Stop/Run valve (14, Drawing §2216) and a shuttie valve (18, Drawing
62218) to extend the Shutdown Cylinder (6, Drawing 52216) and pressurize line E-90. The shutdown cylir Jer moves
the fuel racks to the NO FUEL position, cutting off the supply of fuel to the engine. Pressure in line E-80 activates the
“Unit Tripped'' pressure switches at the panel. Note that the engine is shut down due to both fuel and air starvation at
an overspeed trip

h. A normal stop signal, applied from the remote location or from the local pane , or a generator differential
signal from the switchgear, energizes solenoid valve SOL-4, admitting 60 psi contro! air to Port 11 of the shutdown
logic board. This signal is transmitted through OR-16 to the “C" port of §/R-12 which causes an output from port 'C"
of MEM 16 This output is transmitted through AND-11 to Port B which pressurizes line E-89and extends the shutdown
cylinder, readying the unit for a restart. Note that the stop cireuit is still functional even when the unit is running in
response to an emergency start signal.

i Upon receipt of an emergency start signal, solenoid valve SOL-6 and SOL 7 will become energized, trans.
mitting a signal through a shuttle valve to Port 7 of the Shutdown Logic Board. This signal also activates pressure
switch PS.36, and pilots valve P,, which then shifts to allow passage of 8 signal metered through a 0.028 inch orifice
(30). This signal will cause pressure to build up in the low low lubricating oil trip line, and will also be applied through
a shuttle valve to the pilot of valve Py The signal from the shutdown de-activating solenoids also passes through a 0.004
inch orifice/check (31) to pressurize Port 3 of the shutdown logic board, and also 1o build pressure in the line leading to
valve Py Control air at Port 7 of the shutdown logic board pressurizes the "'B” ports of elements AND 19 and AND 23,
and pressure at Port 3 causes the “A” ports of the same slements to become pressurized. The outputs from AND 19
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and AND-23 sct to pressurize the A" ports of elements NOT 24 and NOT 20, inhibiting the passage of control s
through these elements which is necessary to effect @ shutdown. Note thet the two NOT elements form a redundant
series, attording protaction in the event of a malfunction of one ot the other Note that Port 7 input is also transmitted
through OR-4 to pressurize the Group | and Group |1 sensdrs and 1o provide Group |1 lockout timing, as outlined in
sections (¢) and (d) above The Group | and Group |1 shutdown sensors remain active in the emergency situation, and
continue to monitor the condition of the unit and display fault iIndications on the control panel annuNe Ator Howe ver,
since the shutdown line 15 blocked, these sensor signals, with the exception of overspeed, low low fubricating oil pressure
and generator differential, will not be able to effect a unit shutdown while the unit is operating in response to an

emergency start.

I As mentioned in the previous section, the following fault indications will etfect a shutdown while the unit
I8 operating in response to an emergency start signal.  overspeed, generator differential and low low lubricating ol
pressure. Reter to section (g) above 'or cover age of the overspeed trip. Generator differential protection is derived from
the owner's equipment and the switchgear, which will generate a signal activating solenoid valve SOL-4, which effects a
shutdown as outlined in section (h) above. A shutdown due 10 low low lubricating ol pressure will be effected any time
lubticating oil drops below a preset value, after Group |1 lockout timing has been completed. The low low lubricating
ol trip is locked out during a unit start, and remans locked out for a timed period. Note that the output fram Port 9 of
the shutdown logic board, wivich locks out vibration trips during the start sequence, also pressurizes the pilot of valve
Py When Group |11 lockout timing is complete §, the metered signal from the shutdown de-activating solenoids which
passes through valve P, should maintain press re at valve Py If o low low lubi icating o/l pressure condition arises after
Group |1 lockout timing has en-ad, © shutdown will be accomplished as follows

Three pressure actuated valves (19, Yrawing 52216) mounted on the engine will vent line E 10LL through three 0024
inch orifices (22, Drawing 52216). Note thet, since line £ 10LL is fed by & 0.028 inch orifice, the venting of only one
0.024 inch orifice would not produ e a net loss of pressure at valve Py When st least “two out of three' sensors vent,
there is @ net ooessu 1 loss ot valve 7, and pressuce i lost at Port 3 of the shutdown logic board There is & eonsequent
logs of pressurs at **o A" ports of slements AND 23 and AND 19, which causes a loss of the inhibiting signals at the
YA ports of NOT 24 aned NO'20 Sinee  he plocking action of the NOT slements s thereby terminated, & shutdown
signal is free 10 pass threoagh *he normal shutdown path. Note that the venting of Port 3 provides this shutdown signal,
s the Group | shutdow line ted by orifioc (10) verty thioagh Port 3, and the inhibiting signal o port “A” of NOT 18
it lost. NUT 18 then has an output, whien (s d'oected through NOT 24 and NOT 20, and through the shutdown line to
Port B and line € 39, where the shodown eyl der is w xtended and the unit is shut down
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RELAY LINE CONTACT LINE FUNCTION (WHEN ENERGIZED)
R1 83 R1-1 N.O. 79 Provides power to TD-4 and TD-5
R1-2 N.O. 96 Provides power to TD 3
R1-3 N.C. 118 Customer Contact — Circuit breaker circuit
R1-4 N.O. 94 Provides power to AUX R3
R1-5 N.O. 140 Provides power to engine start timer
R1-6 N.O. 126 Customer contact — Starting
R1A 86 R1A-1 N.O. 80 Provides power to TD4 and TD-5
H1A-2 N.O. 98 Provides power to TD-3
R1A-3 NC. 119 Customer contact — Circuit breaker circuit
| R1A4 N 94 Provides power 10 AUX R3
R1A5 NAS 123 Customer contacts — exciter shut Jown circuit
R1A6 N.O 124 Customer contacts — exciter shut jown reset
AUX R1 93 AUX R14 N.O. 139 Customer Contact — "“Unit Failure To Start”’
AUX R1-56 N.O. 139 Customer Contact — ""Unit Failure To Start”
R1B 88 R1B-1 N.O. 127 Customer contact
R1B-2 N.C. 13 De-energizes R4 after a start
f R1B-3 N.O. 95 Provides power to AUX R3
R1B4 N.O. 169 Arms DC Fuel Qil Booster Pump in AUTO
R1B5 N.C. 188 Terminates ALTOQ operation of Jacket Water Circulating
Pump and Heater st Start
R1B-6 N.C. 199 Terminates AUTO operation of Lubricating Oil
Circulating Pump and Heater at Start
R1C 90 R1C-1 N.O. 37 De-energizes R7 after start
R1C2 N.O. 128 l’
RIC3 N.O. 129
R1C4 NO. 130 | Customer Contacts
R1CS N.O. 135 L
RIC6 N.O. 96 Provides power to AUX R3
R2 92 R21 N.O. 170 Arms DC Fuel Oi! Booster Pump
R2-2 N.O. 126
R23 N.C. 128
R2.4 N.C. 120 Customer Contacts
R25 N.C. 130
| R2-6 N.O. 95 Provides power to AUX-R4
o
AUX R2 94 AUX R21 N.O. 404 Provides power to “Unit Failure To Start’” Annunciator
AUX R2-2 N.O. 139 “Unit Failure To Start” Customer Contact
AUX R2-3 N.O. 138 ““Unit Failure To Start” Customer Contact
R3 9 R3-1 N.O. 3 Provides power to SOL-1L and SOL-2R at SDS
R3-2 N.O. 28 Provides power to SOL-1R and SOL-2L at SDS
R33 N.O. B4 Latches R1 relays at SDS
R34 N.O. 136 Provides power to UPR circuit customer contact
R3-5 N.C. 140 Provides power to UPR circuit customer contact

Table 3-C-3. Relays
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RELAY | LINE CONTACT LINE FUNCTION (WHEN ENERGIZED)
AUX R3 95 AUX R3-1 N.O. 12 Start Signal Chart Recorder input
AUX R3-2 N.O. 139 Customer Contacts
AUX R3-3 N.O. 139 Customer Contacts
AUX R34 NO. 282 Arms High Temperature Lubricating Oil OUT and
Low Pressure Turbocharger Oil Annunciators
AUX R35 N.O. 164 Energizes hourmeter at start
AUX R3-6 N.O. 120 Customer contact
R4 13 R4-1 N.O. 5 Provides power to SOL-1L and SOL-2R at Manual Start
R4-2 N.O. 30 Provides power to SOL-1R and SOL-2L at Manual Start
R43 N.O. 16 Latches R4 at Manual Start
R4-4 N.O. 6€ Provides power to SOL-3
R4-5 N.O. 140 Customer Contact
AUX R4 96 AUX R4-2 N.O. 139 Customer Contacts
AUX R4-3 N.O. 140 Customer Contacts
R5 20 R51 N.O. 63 Provides power to DC Power Indicating light
R5-2 N.O. 57 Provides power to R12
R6 33 R6-1 N.O. 27 Provides power to SOL-1R and SOL-2L at SDS
R6-2 N.O. 4 Provides power to SOL-1L and SOL 2R at SDS
R6-3 N.O. 86 Latches R1 relays at SDS
R6-4 N.O. 134 Provides power to Governor and Voltage Regulator Pre-
. position circuits
R6-5 N.O. 140 Customer Contact
R7 37 R71 N.O. 29 Provides power to SOL-1R and SOL-2L at Manual Start
R7-2 N.O. 6 Provides power to SOL-1L and SOL 2R at Manual Start
R7-3 N.O. 42 Latches R7 at Manual Start
R74 N.O. 56 Provides power to SOL-3
R7-6 N.O. 140 Customer Contact
R8 46 R81 N.O. 53 Provides power to DC Power indicator light
R8-2 N.O. 58 Provides power to R12
R9 8 RO 1 N.O. 17 Provides power to SOL-6 at SDS
R9-2 N.O. a4 Provides power to SOL-7 at SDS
: R9-3 N.O 9 Provides power to R3 and R13 at SDS
H9-4 N.O. “ Provides power to R3 at SDS
R9-5 N.C. n Disarms Manual Start Circuit at SDS E
R9-€ N.C. 56 | Disarms SOL-3 at SDS <«
R10 32 R101 N.O. 43 Provides power to SOL-7 at SDS
R10-2 N.O. 18 | Provides power to SOL-6 at SDS ©
R103 N.O. 33 | Provides power to R6and R14 at SDS "
R104 N.O. 33 | Provides power to R6 at SDS E
R105 N.C. 35 Disarms Manual Start Circuit at SDS
R106 NC. 56 Disarms SOL-3 at SDS
R11A 102 R11A " N.C. 140 Permissive for R26
R11A ™ N.O. 134
. R11A3  NO. 135
R11A4 N.C. 136 “Ready To Load’’ customer contacts
R11A 5 N.C. 137
R11A6 N.C. 138

[ D ENGINEERING |

Table 3-C-3. Relays
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PART C — CONTROL SYSTEM (Continued)

RELAY | LINE CONTACT LINE FUNCTION (WHEN ENERGIZED)
R11B 103 R11B1 N.O. 126 "
R11B-2 N.O. 127
R118-3 N.O. 128 - -
R11B-4 N.C. 129 Ready To Load” customer contacts
R11B-5 N.C. 130
R11B-6 N.C. 131
R12 58 R12-2 N.O. 133 B
R12:3 N.O. 134
R124 N.O. 135
R12:6 N.C. 136 Control Power — Customer Contacts
R12:6 N.C. 137
R12-7 N.C. 138 B
R13 " R131 N.O. 120 [ Field Flash — Customer contacts
R13.2 N.O. 137
R14 35 R141 N.O. 21 [ Field Flash — Customer contacts
R14-2 N.O. 138
R16 156 R16-L N.C. 274 Arms Low Temperat re Lube OQil IN Annunciator
’ R16-H N.O. | 278 Arms High Temperature Lube Qil IN Annunciator
R17 156 R17-L N.C. W 276 Arms Low Temperature Lube Qil OUT Annunciator
R17-H N.O. 280 Arms High Temperature Lube Oil OUT Annunciator
R18 156 R1E-L N.C 360 Arms Low Temperature Jacket Water IN Annunciator
R18-H N.O. 364 Arms High Temperature Jacket Water IN Annunciator
R19 156 R19 N.O. 358 Arms High Temperature Aftercooler Water IN Annunciator
R21 156 R21-L N.C. 362 Arms Low Temperature Jacket Water OUT Annunciator
R21-H N.O. 366 Arms High Temperature Jacket Water OUT Annunciator
R25 77 R25-1 N.C. 140 Permissive for R26
R25-2 N.C. 124 Disarms Exciter Shutdown Reset signal
R25-3 N.O 124 Sequencer Interlock
R254 N.C. 125 Sequencer Interlock
R255 N.O. 123 430 rpm — Customer Contact
R256 N.O. 124 430 rpm — Customer Contact
R25-7 N.O. 125 430 rpm — Customer Contact
R25 107 R26-1 N.O. 108 Latches R26
R26-2 N.C. 140 Stops engine starts timer

Table 3-C-3. Relays -
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INSTRUCTION i o DEVAVAL

SECTION 4
ENGINE OPERATION

GENERAL.

If the engine is being started for the first time, remove any preservative materials that may have been applied to the
control and exterior surfaces of the engine. Rust preventive which has been sprayed inside the engine will mix with
the lubricating oil without causing coitamination. To reduce the amount of preservative absorbed by the oil charge,
however, it may be desirabie 1o wash and clean the interior surfaces of the engine before circulating oil for the first
time. Do not attempt to wash connecting rods, crankshaft or pistons as this may deposit dirt between the bearing
surfaces. The following inspections and checks are recommended prior to starting the engine for the first time, or after
a long shut<own or major overhaul.

a. Check bolts, nuts and capscrens, both inside and outside the engine to insure that all locking wires, clips
and cotter pins are in place and secure.

b. Inspect all piping systems. Trace out each system to insure that all connections are secure and that all valves
and other control devices are properly positioned for engine operation.

. Check lubricating oil strainers and filters for cleanliness and proper assembly.

d. Check that lubricating oil and cooling water systems are clean and filled to the proper level.
e. Check starting air system for cleanliness and absence of moisture.

- Check all control linkages for proper adjustment and freedom of movement.

9. Check crankshaft alignment (see Section 2).

h. Open indicator cocks on cylinders and bar engine over four revolutions to make sure cylinders are clean,
and that engine is ready to run.

CAUTION

Any resistance to free turning must be investigated and corrected before engine is started.

i With the indicator cocks open, fuel controls off, crank engine several revolutions.

I Close indicator cocks. If all conditions for starting are satisfied, the engine may be started, using the pro-
cedures contained in subsequent paragraphs.
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PRE START PROCEDURE.

The following procedure should be carried out before starting the engine under routine conditions.

a. Energize Control Panel. Note status lamps for a-c and d-c circuits illuminated.

b. Depress TEST pushbutton momentarily to verify alarm functions. Alarm horn should sound and flashing
annunciators should operate. Depress SILENCE pushbutton. Note alarm horn silenced. Depress ACKNOWLEDGE pusk-

button. Note steady annunciator lights. Depress RESET pushbutton. Note annunciator lights extinguished.

c. Check Starting Air Pressure at panc| gauge. If pressure low, turn Air Compressor switch to ON position.
Monitor pressure rise and shut off compressor when desired pressure is reached.

d. Open any manual shut off valves in the starting air lines.

v Check levels of Fuel Qil Day Tank and Lube Cil Sump Tank.

f. if Pre-lube desired, place switch in RUN or AUTO position. Note pump ON indicator light illuminated.
Pre-lube for five minutes maximum to prevent flooding of turbochargers. If RUN position selected, pump must be

turned off manually. If AUTO position selected, pump operation termina*ed automatically at start.

g. When starting a cool engine after a shutdown it is very important that the following procedure be carried
out prior to attempting a start.

(1) Open indicator cocks on all cylinder heads.

(2)  Place the Mocdle Selector Switch at Local Control Panel in the MAINTENANCE position.
(3) Depress MAINTENANCE Mode Select pushbutton at Local Control Panel.

(4) Inject Remote Control Room MAINTENANCE mode permissive.

(5)  Note annunciator indicating system’s mode

(6) Depress Engine Roll pushbutton at Local Engine Control Panel. Allow engine to crank for at least
two revolutions, ther release pushbutton.

(7) inspect all indicator cocks. If liquid has been ejected from any of the cocks, the source must be found
and the defect corrected before proceeding.

(8) Close indicator cocks.
(9) Place Mode Selector Switch in OPERATIONA L mode position.
h. insure that all manual reset shutdown devices, such as the overspeed trips, have been reset.

REMOTE MANUAL START.
The following procedure should be used to start the engine manually from the Remote Panel.

a.  Place the REMOTE/LOCAL selector device at the Remote Control Room panel in the REMOTE position.
All local control of the engine and generator then will be locked out.

b. Depress the Remote Manual Start pushbutton momentarily in the Remo.: location.

DSRV 75017/75020 42
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c. The unit will automatically crank, start, come up to governed speed and generate voltage as required.
Remote Governor and Voltage Regulator RAISE/LOWER switches may be used to adjust speed/frequency and voltage
as necessary.

d. Note “‘Shutdowns Activated’’ indicator light illuminated.

e “Up to Speed”’ and “Ready To Load" nermissive signals will be generated automatically for use with remote
synchronizing and loading controls.

LOCAL MANUAL START.
Perform the following operations to start the unit from the Local Engine Control Panel.

a. Place the REMOTE/LOCAL selector device at the Remote Control Room Panel in the LOCAL position.
b.  Place the OFF/START switch at the Local Engine Control Panel in the START position momentarily.

c. The unit will automatically crank, start, come up to governed speed and generate voltage as required.
Governor and Voltage Regulator RAISE/LOWER switches at the Local Generator Control Panel may be used to adjust
speed/frequency and voltage as necessary.

d. Note “Shutdowns Activated” indicator light illuminated.

e. “Up To Speed” and “Ready To Load" signals will be generated automatically for use of the synchronizing
and loading controls at the Local Generator Control Panel.

START DIESEL SIGNAL.

If an emergency “Start Diesel Signal” is generated by the owner’s equipment, the unit will automatically crank, start
and come up to speed and voltage as required. “Up To Speed” ar.d “Ready To Load” permissives will be generated for
use with the remote sequencing equipment. The setpoints of the voltage regulator and governor will be placed at a pre-
set value for fifteen seconds. Thereafter, the pre-set signal will be released, allowing the operator to control speed/load
and voltage. The governor will automatically be placed in isochronous operation. The shutdown system will be disarmed
except for overspeed, generator differential and low low lubricating oil pressure. Note tl.at the SDS start circuitry
remains active if the unit is in LOCAL control, or if the Lockout Relay has been energized at the Local Generator
Control Panel, but in such a case loading operations would be performed at the local panel.

REMOTE CONTROL ROOM EMERGENCY.

If the Remote circuitry malfunctions, or in the event of a station emergency when local control only is desired, perform
the following.

a. Actuate Lockout Relay at break-glass station at Local Generator Control Panel.

b. Place the OFF/START switch at the Local Engine Control Panel in the START position momentarily.

¢.  The unit will automatically crank, start and come up to speed and voltage as required. Governor and Voltage
Regulator RAISE/LOWER switches at the Local Generator Control Panel may be used to adjust speed/load and voltage
setpoints as required.

d.  Note “Shutdowns Activated” indicator light at Local Engine Control Panel illuminated.

e.  "Up To Speed” and “Ready To Load" permissive signals will be generated for use of the synchronizing and
loading controls at the Local Generator Control Panel.
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NORMAL STOP.

Reduce load and allow engine to cool. When temperatures have fallen to the desired levels, actuate the stop control at
either the local or remote location.

EMERGENCY STOP.

Perform one of the following actions to stop the engine in an emergency situation.

e

Depress the Stop pushbutton in either control location.
Place the Stop/Run valve at the engine in the STOP position.
Turn the governor load limit knob on the governor to zero,
Manually trip the overspeed trips.

If none of the above procedures work, the engine may be stopped by pushing a fuel pump lever towards

the engine block. This will rotate the fuel shaft and cut off fuel delivery. Hold the lever until the engine stops.

STARTING, STOPPING AND OPERATING PRECAUTIONS.

As soon as the engine is running, all gauges should be checked for proper operating pressures and temperatures as
shown in Appendix Il. If conditions are not normal, shut down engine and determine cause before restarting.

WARNING

Use only compressed air for starting. Substitution of compressed gasses, especially oxygen, may
result in a violent explosion.
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SECTION 5
MAINTENANCE
GENERAL.

Units employed as a source of on-site emergency power at nuclear power stations will experience relatively few
operating hours during the spa. of their normal service life, yet the requirement that the unit be able to start, come
up to rated speed and assume a load quickly in response to an emergency start signal from the owner’s equipment
dictates thal there must be a maintenance program in use which is designed to ensure the necessary high level of
reliability of the engine, generator and associated equipment to accomplish this

MAINTENANCE CONCEPT.

The precise number of hours a standby diesel-generator unit will be operated in any given time period cannot be
known in advance. Under ideal conditions the complete engine-generator installation will be operated only in periodic
testing situations, although certain systems such as the lubricating oil and jacket water ""keep warm' circuits will be
operating all the time when the unit is in standby operation. Operating hours, then, cannot alone be the determining
factor. Calendar time is also significant for some systems. As there are few operating hours, many maintenance actions
are based on operating hours and’or reactor refueling shutdown, whichever comes first. To formulate an effective
schedule, certain assumptions must be made.

a The diesel-generator will undergo periodic exercise tests, the frequency of which will be determined by
regulations issued by the U.S. Nuclear Regulatory Commission and other cognizant authority. The freauency of testing
15 assumed to be no less than once every thirty-one days

b. The periodic exercise test will involve starting the unit, bringing it to rated speed, applying some load,
runming under load for a period of time, shedding the load and shutting down. It is assumed that the test will be of a
minimum duration of two hours

€ The plant will be shut down on a periodic basis for refueling of the reactor

d. The maintenance actions will be performed by personne! who are trained and qualified to do this sort of
work,

RECORD KEEPING.

The keeping of records can greatly assist in the evaluation of engine performance and keeping operating personnel
informed of the current running condition of the engine. Comparison of present and past log sheets and charts may
revea' gradual changes in temperatures, pressures, noise and overall performance, al!l indicators of the engine’s condition
which can be of assistance in planning future overhaul and repair schedules. The majority of engine problems are
preceeded by signs and indications. Performance trends are not easily detectible, however, unless data is recorded in a
manner that makes these trends apparent, Charts and curves can perform this function. Essential to any technmique
which depends upon the recording of observations 1s the careful and accurate charting of data. Because of the tew
operating hours experienced by an engine in nuclear standby service, data should be plotted at frequent intervals during
those periods of operation to obtain sufficient data to readily reveal operating trends. The following paragraphs llustrate
some of the information that can be obtained from charts and curves
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Pressure

Temp. & Pressure

TIME - DAILY AND MONTHLY SUMMARY

a. If lubricating oil pressure starts to fall off but the temperature remains constant, it would indicate that the
bearings are starting to wear to excessive clearances, that the lubricating oil pump is wearing excessively, or that the
relief valve is not functioning properly. It could aiso indicate excessive fuel dilution. If lubricating oil pressure starts
to fall off and the lubricating oil temperature rises, it might indicate that the heat exchanger equipment is plugging up.

WARNING

A sudden increase in lubricating oil temperature with an increase in the amount of vapor from
the crankcase ventilation discharge may indicate some overheated internal part of the engine.
A sudden increase in lubricating oil temperatures requires an immediate reduction or removal
of the load if this 15 possible. The cause of the temperature increase must be determined and

‘ corrected
(

TN

TIME — DAILY AND MONTHLY SUMMARY

L. O. Consumprion

b. If lubricating oil consumption starts to increase it could mean that the piston oil control rings are starting
to foul, or have worn excessively. |f this is the case, oil is being burned and should show up in the exhaust asa light
blue or grey smoke. It could also mean that the intake or exhaust valve guides have worn excessively. A third possibility
is a leak in the lubricating oil cooler. This can be checked by looking for evidence of oil in the cooling water.

. 2~
%
< R
' 0 4
s E /
-
> 24
TIME - DAILY AND MONTHLY SUMMARY
' c. If crankcase vacuum starts to go towards a positive pressure it may indicate that the compression rings on

the pistons have worn excessively. This may be checked by taking a set of compression cards.
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Jacket Water Temperature
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d. If jacket water temperature starts to rise it could mean that the jacket water cooler is starting to fou!.
However, it must be remembered that the AMOT temperature valve starts to open five degrees farenheit before the set
point. This means that the controlled outlet temperature may vary 15° F, depending upon ambient weather conditions.
If inlet temperature starts to drop, indicating a greater temperature differential across the engine, it could mean one or
more of the following.

(1) Poor combustion.

(2) Leaky head gasket(s).

(3) Scuffed piston(s).

(4) Faulty venting of jacket water system,

(5) Faulty water pump.

MAINTENANCE SCHEDULES.

The following maintenance schedules are recommended. Inspection intervals are optimum, however, operating
experience must be used to determine the ultimate suitability of the schedule. Where experience indicate more frequent
inspection is desirable, the inspection interval should be shortened. Unless otherwise stated, the following inspection
intervals are used.

a. DAILY — Operations which are to be performed on a daily basis, independent of engine operating hours.
b. WEEKLY -~ Operations which are to be performed weekly, regardiess of engine operating hours.

c. MONTHLY/EXERCISE TEST — Operations which should be performed each time the unit undergoes its
periodice exercise test, but in no case less frequently than once a month.

d. ANNUAL /EACH PLANT SHUTDOWN - Inspections that should be performed on an annual basis, or at
plant shutdown for reactor refueling. The interval may be adjusted to meet plant shutdown schedules.

e BI-ANNUAL/ALTERNATE PLANT SHUTDOWNS — To be performed at aiternate reactor refueling
shutdowns, or bi-annually.

f. FIVE YEARS — To be performed at the nearest plant shutdown period 1o a five year interval.
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ITEM

NUCLEAR EMERGENCY STANDBY ENGINE
MAINTENANCE SCHEDULE

COMPONENT GROUP: DIESEL ENGINE

Daily

Week |y

Monthly

Annuael/Each Shutdown

B8 Annusl/Alternate Shutdowns
Each Five Years

FREQUENCY CODES

nTmMOoN®p

MAINTENANCE ACTION

A|B|C|DJE|F

Observé and record lubricating oil and jacket water temperatures.

(Only if unit operating in standby mode with keep-warm pumps on) XX
Drain all low point water collectors, “*Y** strainers and air receiver tanks in

starting air system. XX
Check engine and auxiliary equipment for oil, water and fuel oil leaks. XX
Check level of lubricating oil in sump tank, governor and pedestal bearing. XX
Check fuel pump racks for freedom of movement through full limit of travel.

Do not disconnect from governor. XX
Check operation of air strangulation valve and actuating cylinder. XX
Turn on electrical fuel oil booster pump for a short time and circulate fuel

through system. Check strainers for clean fuel. XX

Clean and inspect "Y' strainers in starting air system. Note: if fouling of strainers

is such that more frequent inspection is indicated, shorten inspection interval. XX
Check lubricating oil filter pressure differential. XX
Inspect and clean air filter in starting air distributor. If conditions warrant,

inspect more frequently. XX
Drain water and/or sludge from lubricating oil full flow filter. XX

If differential pressure indicates, check strainer screens in fuel oil and

lubricating oil pressure strainer. XX
Check lubricating oil for fuel dilution with a viscosimeter. XX
Send lubricating oil sample to laboratory for analysis. XX
Drain lubricating oil system. Clean sump and strainers, refill with new oil. XX

Check pH factor of jacket water. Correct gs necessary as recommended by
chemical supplier. Recommended pH is 8.25 - 9.75.
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A Daily
NUCLEAR EMERGENCY STANDBY ENGINE B Weekly
MAINTENANCE SCHEDULE ey, NP
E BirAnnual/Alternste Shutaowns
F Each Five Years
3 COMPONENT GROUP: DIESEL ENGINE (Continued) FREQUENCY CODES
-
- MAINTENANCE ACTION Ale |C|D|E|F
Remove alternate left side doors and examine inside of engine for any abnormal
conditions. XX
Check hydraulic valve lifters for operation and proper adjustment. XX
Remove fuel injector nozzles, clean, reset and reinstall. XX|
Check connecting rods and link rod bearing clearances using the “Bump’’ method. XX
Check and record crankshaft deflections. XX
Visually inspect foundation for breaks in bond between sole plates and grout. XX
Check foundation bolts for correct torque. Retorque as necessary then recheck
crankshaft deflections. XX
Check lubricating oil jets at gears for plugged or broken lines. XX
Remove cam covers and cylinder head covers. Inspect cams, tappets, rollers,
rocker arms, push rods, springs and valve guides. XX
Drain governor oil, clean, flush, refill with new oil. If necessary, replace
governor drive coupling XX
Remove turbocharger (s). Disassemble and clean. XX
Check cold compression pressures, maximum firing pressures and take an indicator
card. If indicated, remove cylinder heads, grind valves. Check valves and liners. XX
Inspect gears for general condition, Check backlash and replace worn gears
exceeding maximum clearance. XX
Remove fuel injection pumps. Disassemble, clean, repair and adjust as necessary. XX
Remove end plates from heat exchangers and intercoolers. Examine and clean
as necessary. XX
Check main bearings. XX
Inspect intake air filter oil distribution plate. Change oil in filter, r(x
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PRESERVING ENGINE FOR SHIPMENT OR STORAGE.

The following instructions are for preserving an operable engine for shipment, storage ot inactivating for an indefinite
period of time.

a COOLING SYSTEM AND WATER PUMPS — Before shutting an engine down, add a water soluble liquid
such as Texaco Soluble Oil “C"”, to the water system and circulate for about 15 minutes, then drain. Disconnect the
water line from its source and seal with a blind flange to prevent water seepage into the system. Remove engine water
header and make sure all water has been removed from around the liners. Drain all water lines and when sure the
system is dry, reconnect all lines and engine header to form an airtight system.

b. FUEL SYSTEM — To preserve the fuel system, disconnect the fuel line ahead of the engine fuel transfer
pump and allow engine to burn about five gallons of Tecty! No. 502-C before shutting down Cap the fuel line to the
engine. Drain all fuel tanks and spray insides with Tectyl No. 502-C. Drain all other fuel lines.

¢ LUBRICATING OIL SYSTEM — Using an auxiliary lubricating oil pump, circulate a mixture of 50%
lubricating oil and 50% Tectyl No. 502-C, then drain. If the turbocharger has a separate lubricating air system, cir:
culate a 50-50 mixture of lubricating oil and Tecty! No. 502-C, then drain.

d CRANKCASE, CAM GALLERY, CYLINDER HEADS AND FUEL INJECTION PUMPS - Remove
camshaft covers and spray cams, tappets, etc. with 100% Tecty! No. 502-C and replace cam covers. Remove crankcase
doors and spray 100% Tecty! No. 502-C all over the inside of the crankcase then replace covers. Remove cylinder
head covers and spray 100% Testyl No. 502-C on rocker arms, etc. Remove fuel injection pumps and spray 100%
Tectyl No. 502-C down on the tappet parts and up on the fuel pump cup (plunger follower) then reassemble. For all
non-painted parts, such as the fuel rack shaft on the outside of the engine, Tectyl No. 502 C can be sprayed on if
protection is required for only a short time, that is two or three months. Be sure the exposed parts are cleaned and
dryed before spraying. This makes a good seal for such parts as heim joints. Fuel pump racks require a little grease on
the edge of the pump body to prevent the compound from entering the pump body and sticking the pump racks.

e. GOVERNOR — The engine governor lubricating oil should be drained and refilled with new oil

f. OPENING — Air intake and exhaust openings to the engine should be sealed with gaskets and blind
flanges of the metal type. All other such openings to the engine should also be sealed with gaskets and blind flanges.

g. SHIPPING AND STORAGE - In addition to the above instructions, the engine must be stored in a
building out of the weather elements. While in shipment the engine must be protected by a tarpaulin or boxed when
shipped overseas.

SPECIFICATION FOR PROTECTIVE MATERIALS
MATERIAL MANUFACTURE

Tecty! No. 502-C Valvoline Qil Company
Freedom, Pennsylvania

Soluble Oil “C"” — Use 3 1o 5% Texaco, Inc.
mixture in the cooling water
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PRESERVATION EQUIPMENT.

In the foregoing instructions it is recognized that many times it is necessary to apply protective materials under
difficult field conditions. A common paint brush may be used for applying preservative to accessible parts, and a
hand operated pump sprayer with a pointed discharge nozzle of the type commonly used to spray insecticides may
be used for inaccessible points. If desired, a small o1l pump may be rigged with a motor drive to make a convenient
mechanical pressure spray unit. Shop compressor air lines usually carry too much moisture to be safe for this purpose,
and should not be used. .

TORQUE WRENCH TIGHTENING PROCEDURES AND VALUES.

Torque figures given in this manual are based on the use of a thread lubricant composed of equal parts by volume of
engine lubricating oil and Dixon Number 2 powdered medium flake graphite, or equal. They do not apply to dry
threads, or to threads lubricated with “Super Lubricants’'. Dry thread torque readings can be as much as 50 percent
in error,

PROCEDURE.
a Lubricate threads with o/l and graphite mixture and tighten nuts hand tight

b. Tighten all nuts by snugging the first nut, then moving to the one farthest removed and continuing in a
crisscross pattern until all nuts are snug.

c Unless otherwise specified. apply 20 percent of the required torque to each nut in the same sequence as
described above, then repeat procedure for 50, 60, 80, and 100 percent of the prescribed torque value.

d. Active nuts which are locked with cotter pins must be brought to the specified torque value before
attempting to align the cotter holes. If the cotter pin hole in the bolt is halfway between the slots in the nut, or
beyond, the nut should be tightened to make alignment. If the cotter pin hole in the bolt is short of the halfway
point the nut may be backed off to the nearest point where it will align
TORQUE VALUES.

See Appendix IV for torque wrench values to be used when torquing the various engine parts

PRE STRESSED STUDS.

Cylinder head studs and main bearing cap studs on Model RV engines are prestressed when installed rather than
torqued with a wrench oecause of their size, location and high torque requirements. This is accomplished by stretching
the studs with a hydraulic tool, then tightening the stud nuts. When the 100! is removed a pre-determined strass remains
in the stud. For this type application pre-stressing offers certain advantages

a Less physical effort is required.

b. It is easier to accomplish in confined areas.
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SECTION 6
DISASSEMBLY, INSPECTION AND REPAIR

PART A —~ GENERAL

ROTATION AND CYLINDER DESIGNATION.

Crankshaft rotation and cylinder bank designations are determined while viewing the engine from the flywhee! end

Number one cylinder on each bank is that nearest the gearcase, or auxiliary end, on the opposite end of the engine from
the flywheel (see figure 6-A-1). Engines are designated as either right hand or left hand according to the side of the
engine on which the controls are mounted.

RIGHT BANK

i w ottt . ! Viewes Faow
\ ‘ FLYWMEEL END)
\ |
X

Pl et A Ua e e A A A A Ak

L

' I
| IL|L
EFT BANK \\-
AGIAOC“! END (FRONT) FLYWHEEL END (REAR)

—

Figure 6-A-1. Engine Rotation and Cylinder Designation

ASSEMBLY OF PARTS.

Before starting any disassembly of the engine, observe that many parts are match-marked and identified by part or
assembly number. Engine parts which have been in service should be returned to 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 as the parts which they replaced. Safety clips, cotter pins and safety
wire, where specified, must be re-installed correctly 10 insure that the parts remain secure in use

USE OF ASSEMBLY DRAWINGS.

Reference may be made to the assembly drawings in the Parts Manual to assist in the disassembly and assembly of
various engine components

Note

Do not use the part numbers on these drawings for ardering replacement parts The Parts Manual
should always be used for this purpose
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SPECIAL TOOLS

DELAVAL ENGINE AND
COMPRESSOR DIVISION
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Refer to the 590 Group Parts List in the Parts Manual for a listing of the special maintenance tools and equipment

furnished with the engine

CLEANLINESS.

Care must be exercised to keep dirt, grit or other debris from entering any of the lubricating oil or cooling water
system as well as from the bearing surfaces of pistons, shafts, etc.

TORQUING.

Make reference to Section § for the correct method of torquing nuts and bolts, and to Appendix IV for the specified

torque values

00 74
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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 head
has two intake and two exhaust valves, together with their associated springs, wedges, retainers, etc. Valve springs
may be replaced with the cylinder head installed on the engine provided the piston at top dead center to prevent

the valves from falling into the cylinder. To remove a cylinder head from the engine, proceed as follows

\

3 Drain jacket water from engine

b Remove cylinder head cover

Remove air jumpers

d Disconnect exhaust and intake air mani

folds

. Disconnect fuel injection hines and nozzle

drain fittings

f Remove rocker assemblies and push rods
Remove hydraul valve lifters if engine SO equiped
9 Remove fuel injection nozzles and holder

iIssemblies

h Remove cylinder head b-cover

Attach hfur 9 fixture 10 the fuel injection

tuds as shown Figure 6-B-1. Attach an overhead
hoist to the hifting rning of the fixture
} Remove ylinde head stud nuts and
washer
k Lift head from block 1 head sticks it may be PCE ary to taki tra n the h t and break the head
loose by striking the vides with a babbutt or lead hammer
INSPECTION
Clean inside of combustion chamber. Bar engine over until pisti t bottom dead center and clean and inspect upper
portion of cylinder bore. Clean gasket surfaces of engine block and cylinder head. Remove intale and exhaust valve

Reface and reseat as necessary, following the procedures outlined bsequent paragrapt
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PART B — CYLINDER HEADS AND VALVES (Continued)

VALVES

Intake and exhaust valves are constructed of alloy steel, however, the steel alloy specifications d ffter Valves may b

identified by the marking “IN" for intake valves and EX" for exhaust valves, stamped on the valve stem

VALVE SPRING REPLACEMENT (Cylinder Head Not Removed)

Valve springs may be replaced without remov
ing the cylinder head from the block., Remove
rocker arms assemblies then bar engine over
until piston of cylinder being worked on 15 at
top dead center Attach valve spring removal
tool to the two fuel injector studs as shown in
Figure 6B 2. Make sure the nuts are rundown
far enough on the studs to hold securely. Tight
en nut on Cross arm ﬂ‘»Jhl'vq sure the cross arm
s not bearing on the top of the wedges. Tighten
wt until vaive springs are compressed Lift the
valve by i1ts stem and remove the two keepers
from each valve. Back off on compression nut
on tool. then remove tool from cylinder head
Springs may be lifted off valve stems. Spring

installation 1s the reverse of removal

Figure 6 B-2. Valve Spring Removal Tool

VALVE REMOVAL FROMCYLINDER HEAD

With cylinder head removed from engine, install
valve spring removal tool as shown above, and
remove valve springs. Remove valves from com

bustion side of cylinder head

Figure 6 8-3. Removing Valve Keepers
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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 appearance 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! is used,
the wheel should be dressed for exact t ueness before the final grinding cut is taken. Remove just enoughmaterial to
eliminate pits and to make the seat run exactly true with the stem. If the valve guide is worn, a new guide should be
installed before re-facing valve seats. Re-seat head with a valve grinder. If a grinder is not available, use a 45 degree
hand reamer. Face just enough for trueness and removal of pits. Limit width of valve seat 10 19/32 £ 1/64 inch
(1.51 2 0.04 cm) 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 valve 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 measure exhaust valve-in-guide clearances directly. Therefore,
wear is determined by measuring the diameter of the exhaust valve guide bore at two points, one at a point one-half inch
from the to, of the bore and the other two inches from the bottom of the bore. Refer to Appendix 111 for the proper
bore diameters.

CYLINDER HEAD INSTALLATION.

Use new seals when the cylinder head is installed on the engine block. Make sure all areas are clean and free of dirt
or other foreign matter

) Attach lifting fixture to cylinder head
and hoist head in place over cylinder head studs

b Carefully lower head into place, taking
care not to damage stud threads or seals

c Lubricate cylinder head studs and nut
threads with a 50-50 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 a
criss-cross pattern, following the sequence shown
in figure 6-B-4. Torque to the specified torque
value. This procedure will pull the head down
evenly

Figure 6-B-4. Tightening Sequence For
Cylinder Head Stud Nuts
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PART C - PISTONS AND RODS

GENERAL.

Pistons and their attached rods may be removed from the engine by lifting them straight out of the cylinder liners
To prepare the engine for piston removal, remove the cylinder heads and the engine side doors adjacent to the pistons
and rods to be pulled. If, however, it is only desired to remove or inspect the connecting rod bearings, the cylinder
heads need not be removed. Follow the procedure in the next paragraph

PISTON

PISTON PIN

LINK ROD

MASTER ROD

LINK ROD BOLT
LOCKWIRE

LINK ROD BOLT
LOCKWIRE

BOX BUSHING LOCK PIN
BEARING SHELL RETAINER RING
LOWER BEARING SHELL

ROD TO BOX BOLT

CONNECTING ROD BOLT
LOCKWIRE

UPPER BEARING SHELL
BEARING SHELL DOWEL

COTTER PIN

NP BRWUN~OOENOBPWN -

[ R -

Figure 6-C-1. Pistons and Connecting Rods

CONNECTING ROD BEARING SHELL REPLACEMENT.

With engine side door covers adjacent to the bearing to be replaced removed, proceed as follows

a Loosen all connecting rod bolts slightly, but do not remove
b Block crankshaft to prevent further movement
c Install connecting rod saddle and plate on master rod side of engine. Adjust jacking screw to hold master

rod in place against crankpin

d Attach chain puller bracket to side of crank ‘
case, then attach chain puller [y
X Wah e
]
3 Attach chains to each end of link pin with A f
capscrews. Attach chain puller to chain and take up siack i /
as necessary to hold the link rod firmly against the crank /
pin A RN /
AN .. \ ‘ ’ "
f.  Place a piston holder spacer ring in the lower [ ' \, " ‘QJ

end of each cylinder liner, then install two jacking assem

blies in each cylinder liner and bolt in place to retain T p—
the spacer ri 1 ?—4
- - Com '

OO A
9 Adijust locking ring assembly jacking screws -
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