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ENGINE DATA

”ODEL 'NEEE R E RN I R osnv-l6“

SERIAL NUMBERS ....s00s0se0sss T75051-2814, 75052-2815,
75053-2816, 75054-2817

PUBL «cossssnsasessssessscssess DIESEL

TYPE INSTALLATION ...cseeseese STATIONARY = NUCLEAR STANDBY
CONFIGURATION .ccssccssnsssnecs ®8° VEE

NUMBER OF CYLIDERS ......00.. 16

BORE «coennsssnsasnsnnsssessss BT BN

BTRORE i dosvassssvnsnssonsses B8 BN o

CYCLES covccscsssssnnnsesscens FOUR

BUEP .ccsosscsssnsssrsascssscs 226 PS]

MORSEPOWER .ccoscccssscsssssses 9717

RATED SPEED .vccecscccsvnsssses @50

ROTATION +vvesenssceassssssssss CLOCKWISE (VIEWED FROM FLYWHEEL END)
STARTING SYSTEM ......0002002+ PILOT AIR - GEAR DRIVEN DISTRIBUTORS

FlRlNG ORDER TR EE R R R R R lL".R"QL‘Sﬂ"’L"ZR’SL'GR-
BL~1R-S5L-4R-2L-7R-6L~3R

TOTAL DlSPLACE"ENT R R R 76.266 CU"]N.
FLYWHEEL DIAMETER .. csvevsnnns 70 IN.

FUEL INJECTION TIMING ........ LEFT BANK 22° (13.439 IN.), RIGHT
BANK 21° (12.828 IN.) BEFORE TOP
DEAD CENTER

FUEL INJECTION PUMP RACK ..... SEE ENGINE NAMEPLATES
37.0 MM (75051 & 75052)
38.0uMM (75053 & 75054)

VALVE CLEARANCE «..cccssssssss N/A (HYDRAULIC VALVE LIFTERS)
NOTES: REFER TO ENGINE NAMEPLATES FOR FIRING ORDER AND FUEL PUMP
RACK SETTINGS AT FULL LOAD.

ALWAYS INCLUDE SERIAL NUMBERS WHEN COMMUNICATING WITH
TRANSAMERICA DELAVAL INC., ENGINE AND COMPRESSOR DI1V.
CONCERNING ENGINE PERFORMANCE.

REFER TO APPENDIX X FOR COPIES OF THE FACTORY TEST LOGS,
AND A SUMMARY OF FACTORY TEST RESULTS
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Transamenca Enoine end Compresscs Divieion

Delaval e

PO Box 2161

T Oakiand, Califormia 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 (hereinatter 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 of 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 of 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 Oakland,
California, but the Company will not be liable for repairs or alterations uniess the same are made with its written con
sent or approval. The Company will not be liable for damages or delays caused by such defective material or work-
manship, and it is agreed that the Company's liability under all guaranties or warranties, either express or implied, is
expressly limited to the replacing of parts failing through defective workmanship or material within the times and in
the manner aforesaid. Parts claimed 1o 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 guaranties as to efficiency and capacity are based upon shop
tests when operating under specified conditions, but do not apply 1o any condition varying from the foregoing. The
lisbility of the Company (except as 1o 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 of
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 is the right to furnish equipment of design modifications best suited 10 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.

Form S99 (R2) W19
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Instruction Manual 1-1

SECTION 1
INTRODUCTION

PURPOSE.

The purpose of this Instruction Manual is 10 assist the owner and operaling personnel in the operation,
maintenance, adjustment. overhaul and repair of the 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 arnse which are not answered specifically by these instructions, they should be referred to
Customer Service Department, Transamerica Delaval Inc.. Engine and Compressor Division for further detailed
information and technical assistance The name Transamerica Delaval. as usedn this manual, shall be takento
mean the Engine and Compressor Division unless another Transamerica Delaval division is specifically named

SCOPE OF MANUAL.

This manual cannot possibly cover every situation connected with the operation, adjustment, inspection. test

overhaul and maintenance of the equipment furnished Every effort 1s made to prepare the text of the manual so
that engineerng and design data 1s transformed 1o the most easily understood wording Transamerica Delaval.
in furrmishing this equipment, must presume that the operating and maintenance personnel assigned thereto
have sutficient techn:cal knowledge 10 apply sound salety and operational practices which may not be other-
wise covered herein. In applications where Transamerica Delaval equipment is 10 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

RELATED MANUALS.

in addition 10 this Instruction Manual. a Parts Manual and an Associated Publications Manual are normally
provided The contents of these manuals 1S as follows

a The Parts Manual contains engine specifications, assembly pans lists and assembly drawings
Instructions are provided tc assist in the ordering of spare and replacement parts The assembly drawings are
intended 10 assist in the identification of parts however 111§ recommended that the part numbers appearnng on
these drawings not be used when ordering parts Rather, use the pan numbers shown on the appropriate group
parts hst

b The Associated Publications Manual 1s a compilation of manufacturer's bulletins, forms. instructions
drawings. etc. which are applicable to components and equipment which is furnished with the engine. but not
manufactured by the Engine and Compressor Division  The contents are indexed, both alphabetically Dy
manutacturer s name. and numerically Dy Transamerica Delaval part number Complete instruclions for using
the manual are contained n the manual

CUSTOMER ASSISTANCE.

Transamenca Delaval maintains a staft of factory trained customer service personnel who are availablc al
nominal rates 1o assist or advise in the installation overhaul or repair of Enterprise machinery It 1S recom:
mended that one of these customer service representatives be requested when extensive repairs are being
made on the equipment |f assistance 1S required. write or wire the Engine and Compressor Division Customer
Service Department, turnishing complete information. incluaing all sernal numbers
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NOTES, CAUTIONS AND WARNINGS.
Notes, cautions and warnings, as used in this manual are intended 10 convey the following meanings

a NOTES — operating procedures, conditions, etc, which it 1s essential 1o emphasize or highlight
because of therr importance (o the proper operation of the machinery

b CAUTIONS — Operating procedures, practices, etc., which if not strictly observed, could result in
damage 1o, or destruction of equipment

¢ WARNINGS — Operating procedures, practices, elc, which could result ininjury or possible loss ol e
i not followed correctly

SAFETY PRECAUTIONS.

Although the design features of the Transamerica Delaval engine include considerations for the safe operation
of the machine, all operating and mantenance personnel should be fully aware of the potential hazards that are
present during the operation and maintenance of any large, medium speed internal combustion engine These
hazards encompass many areas - rotating machinery, tempersatures, pressures, handiing of heavy weights
flammable hquids, slippery surfaces. and an environment of high nose levels This Instruction Manual should not
be considered all inclusive in the area of salety, but rather as but one source of information for the formulation of
a comprehensive plant safety program Specific safety precautions iri the form of cautions and warnings are
given throughout this manual ior speciic conditions and situations. In addition, general precautions are
provided in Section 4 for operation of the equipment, and in the beginning of Section 6 for overhau! and repair
activities Safety programs. 1o be effective. must be the concern of all levels of management as well as the
individual worker Transamerica Delaval will be pleased to advise on any specific situations which are not
considered 10 be adequately covered by these instructions

WORKING PRINCIPLE.

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

——

2 )
WTAKE STROXE COMPREESION §TAOK L POWER STROXE
PN Tl BOT™ v W1 GOMO R T

Figure 1-1  Diagram ol Working Principle

a INTAKE STROKE Durning the downward movement of the piston on the intake stroke, the intake
valve 1s open and combustion air enters the cylinder The exhaust valve remains open durnng the early part of the
stroke 10 scavange the Cylinger of any unburned gases rom the previous power stroke Combushion air
the cylinger from the turbocharger under pressure

enters
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b COMPRESSION STROKE — Shortly after the piston passes bottom center and starts upward, the
intake valve closes and the air is compressed, raising the temperature of the air 10 well above the ignition
temperature of the diesel fuel Jusi before the piston reaches top center. diesel fuel is inje< 1ad Into the combus-
tion chamber byonozzlomchmomuthom‘ndwuyum.pmumwwmachmo optimum combustion
efficiency. The heat of compress.on ignites the fuel.

¢. POWER STROKE — The burning fuel-air mixture expands and forces the piston downward This
downward thrust transmits power through the connecting rod 1o the crankshaft, causing it torotate. Towards the
end of the power stroke the exhaus! valve opens and exhaust gases start 10 leave the cylinder

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

GENERAL ENGINE DESCRIPTION.

The Model RV diesel engine is a four-stroke-cycle, turbocharged. aftercooled. V-type engine. The angle of the
Vee is 45 degrees. Trunk-type piston, removable wet-type cylinder liners, pressure jubrication and mechanical
tyel 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 a minimum Fuel pumps, nozzles and orifice size and angle are all carefully matchedto the
engine and the fuel to be used 1o give a maximum thermal efficiency Engine rotation and cylinder bank
designations are getermined while facing the engine at the fywhee! end. Number one cylinders are always the
pair farthest from the flywheel end

il W "3
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GENERAL.

As the installaiion requirements for an engine may vary
» typical installation and not necessarily

the manual e representative of

ual

SECTION 2

INSTALLATION

Certified installation and foundation drawings e furnished t0

installation requirements for that

FOUNDATION DHRAWING.

The foundation drawing will be accurately dime

foundation bolts, pipes, conduils

INSTALLATION DRAWING.

particular unit

nsioned and must be carefully

—————————— ————————————

from site 10 site, the instructions contained in this section of
the exact procedure for 8 specific ute.

each customer which detail the dimensions and

observed. Carelessness in locating

and drains will cause difficulty during installation and alignment of the unit. It is
essential that the foundation be constructad to the highest standards of sccuracy.

The installation drawing details the measurements for machinery location, distances required for notrmal maintenance

tasks and the overhead clearances necessary for piston removal . In add
mo!eonmamooimﬂor pipes and

SYSTEM SCHEMATIC DRAWINGS.

Electrical and flow diagrams are fur
system fof interconnecting the var

HANDLING AND SHIPMENT.

Care must be exercised to avoid damage during the handling of the engine and associated

nished for the various systems. F
ious items of equipment in that

and installation. The unit should be lifted only from the lift pads

indicated on the installation drawing When

binding stresses we imposed on the engine base or crankshaft.

21

the electrical requir ‘ments for alarm

securing the angine during shipment

ition, the drawing will indicate the location and
and control mechanisms

low diagr ems describe graphically the recommended

particular circuit, & well ast

he mMiniMum pipe $zes

equipment during shipment

on the side of the engine base (where provided) &

or other movement, make sure O
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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. E xercise care in locating bolt centers.
Place and support the template from the foundation forms. Anchor securely to prevent movement of the template.
Thread foundation bolt into lower nut in pipe sieeve being careful not 10 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 0 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. |t is recommended that a Transamerica Delaval Engine and Compressor Division service representative be present
to check bolt layout. The foundation is to be poured monolithic and must be suitably 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

h | .
|
|
| /1l".NAlL!DYOOCTN!.
* - - r 7 + 1 x 6§ CROSS BRACING
/NOYCN TOP OF 2% 6 AT CORNERS TO suITY

2= 60N EDGE PIPE SPACER

*

+

EAVANE T

¢ 3 . | ya

ETC—_.‘ AT/_Z_'A \\'+

PLAN VIEW SECTION A-A

T

ALLOW 1732 CLEARANCE
ON DIAMETER

Figure 2-1. Suggested Foundation Bolt Template

FOUNDATION BOLT ASSEMBLIES.

Tre foundation bolts are sO designed that the anchor studs can be removed from the anchors atter 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 1s in place, the studs are installed and screwed into the anchor assemblies

G/R/AVIS] 79
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PREPARATION FOR INSTALLATION.

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

PLACING ENGINE OVER FOUNDATION.

Position engine over foundation and insert four toe jacks, one 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. Se¢ 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 a mixture of powdered graphite and engine lubricating 0il. The lower end of the jacking 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 mMounting rails

d  Lubricate lower threads of the foundation bolts with standard graphite and oil mixture, install bolts in
sleeves and screw firmly into the threads at the bottom of the sieeve. Lubricate threads at the upper end of foundation
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 manua' for the method of taking crankshatt
web deflection measurements. Record web deflection measurements on Form D-1063. Insure that all sole plate jacking
screws are so adjusted as 0 distribute the weight evenly on 8!l 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

23 PRI 2L
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MOUNTING FLYWHEEL AND CONNECTING SHAFT.

Carefully clean and de-burr the bores and mating

suraces of the flywheel, the crankshatt flange and the

connecting flange Dirt or burrs will cause misalignment between the crankshaft and the connecting shaft The

mating surtaces of the flywhee! and the flange must
power transmission

be tree of all lubrnication Maximum friction is required for

a Apply athin coat of preservative 10 the mating surtaces of the tiywheel and the flange, then mount the
flywheel on the engine crankshatt flange Make sure no dint is allowed between the maling surfaces while the
flywheel 1s being mounted Install three retaining plates (see higure 2-2) and draw the flywheel up on the flange

until it 1s seated

p Bnng the connecting shaft into position,
align the half-inch locating hole in the connecting
shaft flange with the locating hole in the flywheel and
move the connecting shait into engagement with the
flywheel Keep aint from entering the mating area
Use two long one or one and one-quarter inch
diameter temporary bolts with washers and nuis 10
draw the connecting shaft 1o the flywheel until it 18
seated Check with feeler gauges petween face of
connecting shaft flange and fiywheel 10 be sure the
fiange 1s tully seated and square with the flywheel

¢ Special tapered aligning dowels and a
flywhee! bolt reamer are available from the
Transamenca Delaval Engine and Compressor
Mivision Service Department for use in ahgning and
ftung the flywheel bolts Lubricate the two aligning
dowels with a thin coat of anti-seize fubnicant thentap
them into two opposite flywheel polt holes, aligning
the bolt holes with those of the shaft flanges Do not
drive dowels up hard Ream two tlywheel bolt holes
with the special reamer and measure diameter of
reamed hole 10 the neares! 0.0005 inch,
and compare diameter of reamed hole with diameter
of bolt Reamed holes should be approxumately

W Q. ® 8 AV bage

Figure 2-2 Flywheel Mounting

0 0005 inch larger than the bolts 1o allow for an easy tap it Do not drive the bolts in with a sledge hydraulic ram
or jack Coat bolts with an anti-seize lubricant and fit into reamed holes Lubricate threads with powdered
graghite and engine oil, assemble nuts on bolts and draw up tight. Remove two temporary polts and aligning
dowels and it remaining bolts Torque all bolts 10 the lorque specitied in Appendix IV

[P U
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GROUTING

Check alignment of crankshaft, then align driven equipment. Tighten foundation bolts on driven equipmert moderately
with jacking screws in place, then recheck entire alignment including crankshaft. Record crankshaft deflections on
Form D-1063, Cranksheft Alignment Record Engine and Compressor Division service representative mi st be present
to supervise alignment proces ires.

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

b, After grout has cured, back off the sole plate jacking screws o wirn each and torque the toundation bolts
10 the specified value. Snug all boits in a criss-cross pattern, then apply a light forque to each, using the same Criss-Cross
pattern. Continue applying torque in increments and in the same pattesn until the final torque value is reached.

G/R/RAY TS
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PIPING SYSTEMS.

Transamerica Delaval Engine and Compressor Division furnishes suitable piping diagrams 10 the purchaser or his design
sgent, recommending minimum pipe sizes for all service lines. In addition, the following should be observed in the
tabr ication and installation of piping not furnished with the unit, but procured from other sources

. Piping Must never cause deflection in the mounting of reciprocating of rotating suxiliary equipment, not
Mdhomn:ﬂmethhmhoiﬂu.

b, Whaenever there is & possibility of deflection, flexibility must be designed into the piping

[ Chill rings should not be used in welded pipe joints & they tend 10 retain scale, welding slag and beads
w&wmmlmnhwmhotummum

TREATMENT OF PIPING.

It is strongly recommended by Transamarica Delaval Engine and Compressor Division that all lubricating oil and fuel
@ system piping be pickled by 8 company specializing in ths kind of work. Such a company will have the necessary
equipment and possess the technical knowledge 1o completaly clean and prepare the pipe for service Piping which 15
furnished by Transamerica Delaval Engine and Compressor Division with the unit will have been pickied st the time of
tabrication. All piping procured from other sources should be pick led and prepared as follows

s Aa-iuommmmmuo.mn.mnumuywmmnwmun
ground off. All fabricated stee! m.vdmndhmwmthﬂmdommmmunovunonmtoonmh,
wwmum.uumnummmaw. before the pickling process.

(1)  Wirewrush the entire surface, including the interior with boiler tube brushes or & commercial pipe
cleaning spparatus, then blast thoroughly with air 1o remove loose particles.

(2) Depending on the degree of contamination, submerge parts for 15 minutes or longer in a solution
containing seven 1o ten ounces of anhydrous trisodium phosphate or sodium hydroxide and one ounce of detergent,
Military Specification MIL=D-16781 to one ga'lon of water at 200° £ (93.3° C) to insure complete removal of paint
and grease

(3)  Rinse parts in warm, fresh water at 120° £ (48.2° C) 1o prepare them for the scid treatment

(4) Pickle fabricated carbon stoel pipes and fittings by submerging them for 30 1o 45 minutes in an
ocid bath containing one pert of suiphuric acid, 86° Baume 10 15 parts fresh water, supplemented with an inhibitor
The acid bath must be maintained st & temperature between 160° ¢ (M.1°C)and 186° F (82.2° C) While the parts
sre submerged, sgitate the beth. At the end of the pickling procedure, rinse parts in warm, fresh water After the
rinse the parts must be momentarily submerged in 8 cooling solution containing four ounces of sodium carbonate
per galion of water, then rinsed in cold frash water and dried by aif blast.

b.  immediately following pickling ane rinsing, coat both the inside and the outside of the fabricated stee!
m.nd!m‘m.m.nm w-rmmmmmwmwmm:oumqmw of dirt The
compound must be soluble in the lubricating oil that will be sed, and compatible with it 50 88 NO! 10 contaminate
the oil. Ordinary lubricating oil will not pravent rust in the pipes. Mechanical cleaning will not completely clean he

pipes, therefore, this method is not scceptable. Apply the compound by spraying or flooding the pipes - swabbing
with rags Or MOps will lsave hint

Note

The sbove procedure it & MINIMuUM requirement 10 produce scceptable clean piping Substitute
mmmum“'mmdwummﬂonhm
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JACKET WATER SYSTEM.

The jecket water system is incividual for sach engine. The recommended water treatment is sodium dichromate and
boiler compound. Refer to Section 6 of this manual for the recommended method of treatment. The closed loop jacket
water system cONsist of an engine driven jacket water pump 10 circulate the coolant, 8 thermostatic valve to regulate
the temperature of the water by diverting the necessary part of the flow through the jacket water cooler, and a stand:
pipe to maintain 8 constant head on the pump and to allow for expansion and bleeding of entrained air. A heater and
“keep warm’' pump are provided at the standpipe t0 circulate heated jacket water through the system while the engine
is in the standby status. Refer to the jacket water piping schematic in the “Drawings” section of this manual for the
relative location of system components, pipe sizes and the direction of flow

mnemv 78C51 /75054 2'7
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RAW WATER SYSTEM.

Delaval Engine and Compressor Division does not provide the raw water system for this installation Rather, raw water
is taken into the auxiliary module st connection 276 from the owner’s supply source, circulated through the jacket
water cooler, and then discharged back to the owner's circuits at connection 277. The raw water, circulating through
the jacket water cooler, removes heat from the jacket water.

DSAV 75051/75054 2.8



Aa/AviDs! 2?7

. ———— e

Instruction Manual 29

FUEL OIL SYSTEM.

The fuel system woviduth-mm storing fuel mmmw,wummm w&wlddmrytotmfucl
injection pumps at the cylinders. The fuel 0il system piping schematic drawing in the “Drawings’’ section of this manual
show the pipe sizes, connections, direction of flow and relative location of all major components. Fuel injection
equipment on the eng.ne is hand lapped 10 extremely close tolerances, therefore, fuel cleanliness is of the utmost
importance. The fuel system must uwm-mnnmmmum.wmmum
internally and blown clean before initial start up. All piping must be properly supported to minimize pipe vibration
and flange loading. F lexible 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 10 prevent rust. The
day tank should be mounted high snough 10 provide adequate suction st the enginedriven fuel oil hooster pump.
Drains should be provided at all low points and vents at all high points

2y
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LUBRICATING OIL SYSTEM.

The lubricating oil system is shown in schematic form on Drawing 09-820-75051. The treatment of piping was discussed
in preceeding paragraphs, and all piping supplied by Delaval Engine and Compresso Division will have been so treated
and preserved. All piping must be properly supported to minimize pipe vibration and flange loading. Flexibie couplings
sre not recommended at customer connections, however, because of the potential failure hazard during operation.
Before starting the engine for the first time, the assembled lubricating oil piping system must be thoroughly flushed
with clean oil, Disconnect the pipe at the pressure strainer inlet and arrange a temporary bypass from this pipe to the
sump tank. The bypass will permit circulation of the oil through the pipes without filling the internal lubricating oil
system of the encine. Several thicknesses of cloth sack should be secured to the outlet of the bypass to catch debris as
it is flushed out. The sump tank and engine base must be thoroughly cleaned before being filled. Any continuous duty
pump of sufficient capacity, the “‘keep warm’ pump, for instance, can be used 1o pump oil during the flushing operarion
Flushing should continue for at least eight hours if care was exercised during fabrication of the off-engine piping system
As much as 24 hours of flushing may be required for a dirty system. While oil s circulated through the system the
pipes should be thoroughly pounded several times with @ heavy hammer to loosen dirt and debris. Hot flushing oil will
clean better than cold oil. Piping around the oil cooler requires special attention 10 insure that the pipes and oil cooler
are properly flushed. Precautions must be taken to insure that testing fiuids, water and other liquids are completely
removed before attempting to flush the cooler.

Note

If the engine is received with the strainer mounted on the engine and connected to the engine
lubricating oil header, and if it is certain that the connections between the strainer and the
engine header have not been disconnected since the engine left the factory, the following

‘ paragraph may be omitted

Disconnect jumper tubes between the engine lubricating oil header and the main bearings, and between the main
headers and auxiliary headers. Secure a fine mesh screen such as a nylon stocking over each main header fitling 10
catch debris that may be washed through as the system is fiushed. Cover main bearing fittings and open ends of
auxiliary header feeders 1o prevent entry of dirt. Engine oil should be pumped through the open system for at least
four hours to be sure that any foreign material remaining \n the headers is removed. Reassemble internal tubes and
brackets as required

DSAV 75081 /78084 2-10
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INTAKE SYSTEM.

Refer to Drawing 00-805-75051. Each engine has an independent intake system, the combustion air being piped In
from outside the engine room through two remotely installed air filters. Two inline silencers are fitted in the piping
just ahead of the turbocharger air inlet. The air filter protects the working parts of the engine from the entry of dust
Filters should be cleaned at regulsr intervals to maintain sdequate protection against abrasion and wear.

----- canes TRARA 2'1 1
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EXHAUST SYSTEM.

Each engine is provided with an individual, independent exhaust system. The water jacketed, multi-pipe p:ssage
manifold discharges directly into the engine mounted turbocharger (s), and the gas then discharges from the turbo-
charger(s) through exhaust piping and # silencer to atmosphere. As few bends as possible should be used when laying
out exhaust piping. Necessary bends should be of long radius. If three 10 six bends are used, the entire pipe should be
increased to the next nominal size. If more than six bends are necessary, pipe size should be increased two nominal
sizes. The length of exhaust piping is not critical, however, if an unusually long pipe is used, the pipe size should be
increased 10 reduce back pressure. A length of flexible metal tubirg should be installed in the exhaust line as near
the engine as possible to sllow for movement, heat expension, and for isolation of vibration. The exhaust line should
be lagged to minimize heat radiation in the engine room. A separate support should be provided so the weight of the
exhaust silencer and line is not borne by the engine. Refer to Drawing 09-805-75051 for a schematic representation
of the system.

DSAV 75081/78084 2-12
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STARTING AIR SYSTEM

The required redundancy of the starting air system 13 accomplished by utilizing two separate systems Each consists
of 8 motor-driven air COMpressor, an #ir 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 solenoid
valves open, sdmitting starting air 10 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 aw is admitted 10 the combustion chamber of that cylinder, forcing the piston downward
and rotating the crankshaft. This system permits the engine to be cranked even though one supply system fails to
operate, or if three of the four solenoid valves fail to tunction. Reference should be made to the starting air piping
schematic drawing in the “Drawings’' section of this manual for complete details of the system

213
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Section 3
Engine Controls

GENERAL.

The following is & description of the local engine control system and its operation. The system will start, stop, protect,
operate 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 varnous components of the system
Of special significance are the ARO Corporation’s publications which give a clear, concise explanation of the functions
of the various pneumatic logic elements as well as @ parts breakdown and repair procedures. When ordering spare and
replacement parts for the system, refer 10 Parts Manual for the correct part numbers.

DRAWINGS.

The drawings provided with these instructions include system schematics, layouts and connections pertaining to the
pneumatic logic board assembly, showing the location and orientation of components on the board, the circuit diagram
and checkout procedures. Refer to the control panel group parts list 02-500 for 75051 in the Parts Manual for a hsting
of the drawings applicable to the system.

OPERATING MODES.

There are two base modes incorporated into the system, the NORMAL mode and the INOPERATIVE mode. In the
NORMAL mode the unit may be started in response 1o an emergency start signal, or manually to exercise it on 3
routine basis. The INOPERATIVE mode permits routine maintenance or repair.

s While in the NORMAL mode the unit will sccept 8 manually injected starting signal from a local or remote
location and, if the unit’s entire protective system is permissive, it will start, come up to speed and build voltage auto
matically Controls provided by the owner are then used to load the unit onto an energized bus. While running in this
mode, both the speed/load and voltage setpoints sre adjustable from either the local or remote location. Provided the
generator circuit breaker 1s open, the unit can be stopped from either location by momentarily pressing a guarded stop
button

b. It an emergency “‘Start Diesel” signal is generated by the owner's equipment, the unit will start if the
overspeed and generator differential protection only are permissive, and if panel a-c power is avai' le. The unit will
come up 1o speed and voltage as required and a "‘Ready To Load” signal will be generated for use in the owner’s
sequencing equipment. No other protective device is functional under this condition, and control air need not be
available to effect a start.

¢ If the unit is undergoing its periodic “Exercise Test” at the moment a ““Start Diese!” signal is received,
whether it is starting, running disconnected, running losded, tripping on & fault other than overspeed of generator
differential, or coasting to 8 $top, the control system will cause the unit 1o return to rated speed and voltage, and will
disarm #ll protection except overspeed and generator differential. The “Ready To Load” signa! will be sent 1o the
sequencer as above.

d.  While running in the emergency state, both speed/load and sutomatic voltage setpoints are adjustable,
either locally or remotely. Every time the engine is shut off, or given an emergency start signal, the setpoint of the
governor and the sutomatic s (point of the voltage reguiator ere reset 1o normal Fifteen seconds after going 1o normal,
the reset signal is released to allow mwauumunnmmm.

DSAV 78081/78084 3-1
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PART C — CONTROL SYSTEM (Continued)

e.  If the emergency is corrected, and the maintained “Start Diesel” signal is terminated, the unit will remain
running, and the protective system will sutomatically return to full operation. Once this is done, however, it will require
the receipt of another “‘Start Diesel” sgnal from the owner's equipment to disarm the shutdown system again. In
sddition, 8 keyed manual start switch is used at the local panel which will allow only suthorized personnel to initiate
a start from the local panel.

! Mode selection is accomplished so as 10 atford maximum protection for the plant and also for maintenance
personnel. If the system is in the INOPERATIVE mode, only the local operator can place it in the NORMAL mode. If
the unit is in the NORMAL mode, the LOCAL/REMOTE switch must be in LOCAL and a key is required to place the
system in the INOPERATIVE mode. Status lights report the system’s mode in the remote location Further, in
NORMAL mode, the barring device cannot be engaged, while in INOPERATIVE mode it must be disengaged and
locked out in order (0 switch to OPERATIONAL mode.

PROTECTIVE SYSTEM.

The unit's protective system is a hybrid electro-pneumatic system. Since pneumatic devices function better than other
types in the diesel environment, vital shutdown functions are performed pneumatically. All faults, both alarm and
shutdown are displayed on a solid state, dual rate flashing annunciator with horn silence provisions. Handotf contacts
for use with a remote annUNCIator or Mimic display are provided. When running as result of an emergency start signal,
even though most of the shutdown system is not able to effect a unit trip, the action of the individual tripping devices
is monitored and displayed on the annunciator 0 that the operator will be aware when a vital device has acted Status
lamps, separate from the snnunciator, are used 10 show the condition of the unit as it proceeds through a starting
sequence. The engine starting circuits are duplicated in total, and can receive d-c power from two separate conduit
entries, if desired. Further, ancillary devices are arranged so that, even if they fail to function as intended, the unit
will start and generator voltage will build up It is possible that starting air will not be shut off as intended after a start
it certain devices fail, but the balanced design of the engine’s air start valves will keep them closed as soon as combus
tion occurs,

PANEL ELECTRICAL CONTROL (See Drawing 09-500-75051).

The local engine control panel electrical circuitry is shown in schematic form on sheets 3 of 10 through 10 of 10 of the
referenced drawing.

') Starting circuitry is shown on sheets 3 and 4, Note that there are tTwo redundant circuits, each having @
separate d-c power source. These circuits are physically spaced as far apart as possible on the panel. Solenoid valves
SOL-1A, SOL-18, SOL-2A and SOL 28 are located on the engine, and when energized admit starting air 10 the starting
air headers on the engine. They are controlied by relays R4A and R4B during normal or emergency starts.

b The redundant “Start Diesel” signal contacts are from the owner's equipment. When either set of contacts
close, an emergency start is initiated, provided pressuie switch PS40A or PS-408 is closed, indicating that the unitis
in NORMAL mode, and if K1 is closed (i.e., if the unit is not running at rated speed), and if pressure switch PS 3A or
PS 5B 1s closed, indicating at least 150 psi starting air is left in the receivers. These pressure switches are present so that,
if for some reason the unit does not fire (valve closed in fuel supply line, for instance), there will be enough starting air
Jett for several manual starts.

¢ Note that upon application of an emergency “Start Diesel” signal, SUL 6A or SOL 68 becomes energized,
either of which cause the shutdown system 10 disarm, except for overspeed and generator ditferential Note also that if
K1 fals 1o anster, or even if the device is faulty and fails to function in any way, K1 remains closed and the unit
will start. If it fails to open at the prescribed speed, combustion will close the air start valves and no damage /s done

NERyY 7808 1/76054 3’2
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PART C — CONTROL SYSTEM (Continued)

d. At 8 manual start, either of the switch contacts (local o remote) shown are closed which causes relay R4A
or R4B to energize for five seconds. The shutdown system deactivating solenoid is not used. instead, solenoid valve
SOL-3A or SOL-38 is activated by either RAA or R4B which initiater the shutdown system arming sequence.

e Note that the mode selector must be in NORMAL mode for any of the sbove to take place. Ifitisin the
OPERATIVE mode, the engine roll button, on the local panel only, is operative. If the barring device is locked out, the
pressure switch shown will be closed and the unit can be turned over on starting air without starting, a useful mainte
nance feature.

{. When the unit receives a start signal, pressure switch PS.32E closes, latching relays R1 and R1AUX, if PS-9D
shows the unit not tripped. The Field Flash solenoid valves, SOL-9A and SOL-98 are energized by PS-33A and PS 338
which close when engine speed reaches 200 rpm, or by time delay TD1A or TD1B which are energized by R4A and
R4B for a timed period. Note that as in the start circuits, K1 failure will not prevent field flashing. Time delays TD4
and TD5 are present to reset the R1 relays should the unit fail to achieve ready-to-load status for any reason.

9 The two R2 relays shown are responsive 1o the latching of R1, but there is 8 80 second time delay (TD3)
before R2 latches. Contacts of R2 and R2A are used to disarm verious alarm functions which are normally in a fault
state when the unit is stopped, starting, or stopping.

NUMBER SETTING FUNCTION
PS3A.C 150 psi falling Starting Air Admission ~ Left Bank
pPs-58, C 150 psi falling Starting Air Admission — Right Bank
PS9A.8,.C.D 45 psi rising Unit Tripped
PSS 108, BB E, F 45 psi rising Emergency Start
PS12A.8 45 psi rising Loca! Manual Start
PS-138,0 45 psi rising Barring Device Engaged
PS.14C 45 psi falling High Temperature Jacket Water Trip
PS-15C 45 psi falling High Temperature Bearing Trip
PS-16C 45 psi falling High Temperature Lube Qil Trip
PS17C 20 psi rising High Differential Pressure Lube Oil Filter
PS18C 20 psi rising High Differential Pressure Fuel Filter
PS-19C 45 psi falling Turbocharcer Ol Pressure Trip
PS20C. D 20 psi falling Turbocharger Oil Low Pressure
PS-22C 15 psi falling Low Pressure Jacket Water
PS 230 45 psi rising Locked Out with Delay
PS 24C 45 psi falling Lube Oil Pressure Trip
PS.26C 45 psi falling Low Pressure Lube Oil
PS 26C 45 psi falling Vibration Trip
PS-27C 45 psi falling High Pressure Crankcase Trip
PS28C 20 psi falling Low Pressure Fuel O1l
pPs20C. D 45 psi rising Overspeed Trip
PS 30A B 45 psi rising Field Flash
PSS 31C 45 psi rising DC power available
PS32A C.D.E 45 psi rising Starting
PS-33AA, BB A, B 45 psi rising 200 RPM

C.DE
PS 34A 45 psi rising Up To Speed
PSS 36C. O 10 psi falling Fuel Pump/Overspeed Failure
PS 39C 45 psi falling Control Air Pressure
PS40A B 45 psi rising Inoper ative/Normal

Table 3.C-1. Pressure Switches
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PART C — CONTROL SYSTEM (Continued)

SOLENOID FUNCTION OPERATED BY
SOL1A Starting Air Admission R4A
SOL 1B Starting Air Admission R4B
SOL-2A Starting Air Agmission R4A
SOL 28 Starting Air Admission RaB
SOL-3A Activate Shutdowns R4A, PS 12A, Remote Start signal
SOL-38 Activate Shutdowns R4B, PS 128, Remote Start signal
SOL5A Mode Selection-Inoperative Mode Selector Switch, PS-13A
SOL-6A Deactivate Shutdowns Emergency Start signal
SOL-68 Deactivate Shutdowns Emergency Start signal
SOL7A 200 RPM Tach transmitter contact K1
SOL 78 200 RPM Tach transmitter contact K3
SOL8A Engine Up to Speed Tach transmitter contact K1
SOL-88 Engine Up to Speed Tach transmitter contact K3
SOL9A Field Flash PS-33AA, TDVA
SOL-98 Field Flash PS- 3388, TD1B
SOL-10A Mode Selection-Normal Mode Selector Switch
. SOL- 1A DC power Circuit Breaker
SOL 118 DC power Circuit Breaker
SOL 128 Stop Loca! & Remote Stop Pushbuttons
Table 3.C.2. Solenoid Valves

RELAY CONTACTS TIME FUNCTION

TD1A TD1A N.O. 1 sec Energizes SOL-9A after timing out

TD1B TD1B NO. 1 sec. Energizes SOL 98 after timing out

TD2A TD2A NC 5 sec. Provides power to R4A until it times out

TD28 TD28 NC. 6 sec. Provides power to R4B until it times out

T03 TD3 NO. 60 sec. Provides latc ving power 10 R2 and R2 AUX after

it times out

TD4 TD4 NO. 6 sec. Provides power to R12 circuit atter uming out

TD4 2 NO 5 sec. Provides power to R12 after timing out

DSAY 78061 /78084

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

RELAY CUNTACTS FUNCTION
R11 R11 N.O. | Provides power to TD4
R1-2 N.O. | Provides power 10 TD3
R1-3 N.O. | Provides power 10 “Shutdown System Active’ status light
R14 N.O. | Provides power to “Srart’ status light
R16 NC. Provides power 10 “Stopped” status light
R1-6 NO. Engine Start Chart Recorder input
R1 AUX R1 AUX N.O. Provides power to R1A and R1AA
RY1 AUX-2 N.O. | Provides power 1o DC Fuel Booster Pump
R1 AUX-3 NC. Arms Lube Oil High Temperature Trip Alarm
R1 AUX-4 N.C Arms High Temperature Engine Bearings Trip Alarm
R1 AUX-5 NC. | Arms Engine Vibration Trip
R1 AUX-6 N.O. | Provides power 10 DC Fuel Oil Booster Pump
R1A R1A N.C. | Provides power to Lube Oil Circu'ating Pump and Heater
R1A2 NC. Provides power 1o Jacket Water Circulating Pump and Heater
R1A3 N.O.
R1A4 NO.
. AT1AS N.O. Run Relay Customer Contacts
R1A6 NO.
R1AA R1AA N.O.
R1AA 2 N.O.
RIAA-3 NO. Run Relay Customer Contacts
R1AA4 NO
R2 R2:1 NC. Arms Low Pressure Turbocharger Oil Left Bank Alarm
R22 NC | Arms Low Pressure Turbocharger Oil Right Bank Alarm
R23 NC | Arms Low Pressure Turbocharger il Trip Alarm
R2-4 NC | Arms Low Pressure Lube Oil Alarm
R2 S NC. Arms Low Pressure Lube Oil Trip Alarm
R2-6 N.C. | Arms High Pressure Crankcase Alarm
R2 AUX R2 AUXA N.C | Arms Fuel Oil Pressure Low Alarm
R2 AUX -2 NC | Arms High Temperature Jacket Water Alarm
R2 AUX-3 N.C | Arms Low Pressure Turbocharger Trip Alarm
R2 AUX-4 NC. | Arms Fuel Pump/Overspeed Drive Failure
R2 AUX-§ NO. | Customer Contact
R2 AUX-6 N.O. | Customer Contact
R4AA RAA N.C. | Provides power to SOL-1A, SOL 28 and TD1A at Automatic Start
R4A 2 N.O. | Provides power to SOL 1A, SOL-28 and TD1A at Manual Start
R4A 3 NO. | Provides power to SOL-3A, TD1A, TD2A, R4A, SUL 1A and

Table 3-C4. Relays
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PART C — CONTROL SYSTEM (Continued)

RELAYS CONTACTS FUNCTION
R4B R4B NC. Provides power to SOL-18, SOL-2A and TD1B at Automatic Start
R4B 2 N.O. | Provides power to SOL- 1B, SOL-2A and TD18 at Manual Start
R4B 3 N.O. | Provides power to SOL-38, TD18, TD28, R4B, SOL-1B and
SOL-2A after Start valve released
RSB R5B-1 N.O. | Provides power to Lube Oil Circulating Pump and Heater
R68 R6B -1 N.O. | Provides power to Jacket Water Circulating Pump and Heater
R7 R71 NO. Provides power 1o R15
R8 RB1 NO. Customer Contacts
W2 N.O. | Customer Contacts
RB-3 N.O. | Provides power 1o “Unit Available Eme rgency Status'’ status light
R84 N.O. | Activates Field Flash 125 VDC Power Loss alarm
R12 R121 NO. Provides reset power to R1 and R2 relays
R122 NC. Provides latching power to R1 relays
R12:3 NC. Activates Diesel Generator Failure To Start Alarm
R14A R14A N.O. .
R14A-2 NC. :} Unit Available Emergency Status Customer Contacts
R15 R161 NO Provides Power to Alarm Morn
R162 N.C. Customer Contact
R16 R16 L NC Activates Low Temperature Lube O1l IN alarm
R16H NO. | Activates High Temperature Lube Oil IN alarm
A7 R17:L NC. Activates Low Temperature Lube O/l OUT alarm
RI17H NO. | Activates High Temperature Lube Qil OUT alarm
R18 R1B-L NC. Activates Low Temperature Jacket Water IN alarm
RIBH NO. | Activates High Temperature Jacket Water IN alarm
R19 R16-L N.C. Activates Low Temperature Jacket Water OUT alarm
RI1O-H NO. | Activates Migh Temperature Jacket Water OUT alarm

DSAV 78081/78064
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PART C — CONTROL SYSTEM (Continued)

LOCAL ENGINE CONTROL PANEL (See Drawing 00-500- 7606 1).
The loca! engine control panel housas those control components which ae not engine or remotely mounted. Access tO

the panel lmwhbmddwlhmwﬂvwwmhmﬂww. A 60 point annunciator is
mounted in the upper portion 21 the face of the panel. whmis.wnwonnl,unm pressure gauges which
monitor lubricating oil, turbocharger oil, fuel oil, jacket water, combustion air and starting air system Dressures. An
electronic temperature indicator with digital readout and integral linearization and cold juncture compensation is used
10 monitor thermocouples inserted in the engine exhaust, lubricating oil and jacket water systems. Temperature alarm
sensing is done in the jubricating oil and water systems.
s Status lamps are provided as follows.
1. DC control power ON — lights it ol d-c circuits are energized.
2. AC power UN.
3. Unit Availsble For Start - Lights when the following conditions have been met.
(a) DC Booster Pump in AUTO.
‘ (b) Mode Selector in NORMAL.
) (¢) DC power available ~ sufficient circuits to start.
(d) Starting air prassure available.
(e) Overspeed device not tripped.
{f)  Generator lockout relay not tripped
4 Unit Starting — lights when PS-32C actuated
6. Unit Shutdown System Active — lights when relay R1 energized.
6. Start ~ lights when relay R1 energized.
7. Stopped — lights wh en relay R1 energized
8 200 RPM
9. Ready To Losd
10.  Unit Tripped.

b.  There are two level gauges used, one to indicate fuel oil day tank level and one to indicate lubricating oil
f sump tank level.

| . c. An engine hourmaeter is provided which s responsive 10 relay RIAUX. 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.
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PART C — CONTROL SYSTEM (Continued)

d.  Delaval engines are arranged 5o that the enginedriven fuel oil pump is driven from the free end of the
overspeed drive assembly. For nuclear service, 8 d-c booster pump is used in parallel with the engine driven pump. If
the drive fails the operator would have no indication that there is no longer overspeed protection. An annunciator s
provided which senses the loss of engine fuel pump pressure and, therefore alerts the operator of possible loss of
overspeed protection.

AUTOMATIC SAFETY SHUTDOWN SYSTEM (See Drawing 09-500-75061).

Refer to sheet one of the referenced drawing. The shutdown system is 8 network of venton-fault pneumatic devices
which are arranged in the various systems of the engine. The venting of such a device is sensed by the pneumatic logic
circuitry, and this circuitry then produces 8 60 psi pressure signal which operates a cylinder on the engine 10 shut otf
fuel. This shutdown signal is sutomatically vented after the unit has rolled 10 a stop, retracting the cylinder and readying
the unit for a restart. Note that the sensor network is slways pressurized, it is merely the shutdown signal which s
inhibited in the emergency condition. Upon application of starting air, several things occur directly from the air start
header. The governor oil pressure is pneumatically boosted, and the Stop/Run valve is pressure driven to the RUN
position. Note that only the overspeed trip and generator fault trip remain active in the emergency condition. Shut:
downs are placed in two groups, Group | shutdowns being those which must be “GO"" in order for the engine to start,
and Group |1 shutdowns are those which would be in a shutdown (venting) condition until the engine 1S running.
Lubricating oil pressure, for instance. Group |1 shutdowns are locked out during engine starts for & fixed period of time.
The Shutdown Logic Board, 1A-6147 (1) functions to provide the necessary shutdown signals to the engine, When
operating in response 10 an emergency start signal, it prevents the engine from shutting down while still giving pane!
indications on an existing shutdown condition. The logic board functions as ‘ollows.

“ It the INOPERATIVE mode is selected (assuming that 80 psi control air is present at all points marked
solenoid valve SOL-BA is energized, admitting 60 psi control air 1o & three-way valve P, which shifts to allow
passage of a 60 psi signal. This signal is transmitted to Port § of the Shutdown Logic Board where it is applied 1o the
“A" port of element NOT-6, acting to inhibit the passage of control air through that element. This prevents pres
surization of Port 10 of the board and, therefore, charging of the Group | shutdown network. In addition, control air
from Py is transmitted through & shuttle vaive (19) to pressurize line £-89 and the pilot of valve Py which vents the
barring device. Pressure in line £-89 actuates the pilot of a three-way velve (10, Dwg. 09-695-75061), causing contro!
ait 10 pass through & shuttle valve (14, Dwg. 09-695.75061) to line £.90, where it extends the shutdown cylinder
(5, Dwg. 09-605-75061) which moves the fuel racks 1o the ““No Fuel”’ position, shutting oft fuel delivery.

b, 1t NORMAL mode is selected, sssuming that the barring device is disengaged and locked, control air will
pressurize Port 4 of the Shutdown Logic Board and pass through element NOT-6 as well as pressurizing the “8" ports
of elements MEM 156, AND-11 and AND 7. Output from element NOT-6 pressurizes port 8" of MEM 13 and port “B”
of AND-17 and aiso passes through & metering orifice (10) to pressurize port “A" of NOT-18, port “B" of AND 14 and
Port 10. The Port 10 output srms the Group | shutdowns, and the unit is ready for a start.

¢ A MANUAL START, initisted from sither the local or remote location, will cause solenoid valves SOL-3A
and SOL-3B 1o energize momentarily, causing edmission of » 80 psi control air signal to Port 12 of the Shutdown Logic
Board. This signal is transmitted through OR4 to the nG" port of §/R-22 which converts the momentary signal 10 a
constant output from the “C” port of MEM-13. Nots that this output will remain sfter the momentary signal to
S/R 22 is lost. The MEM. 13 output pressurizes port “A" of AND-17 and, due to the presence of control air at the "“'B”
port of that element, there is an output at port “C” of AND-17. This output pressurizes port 8" of NOT 18, but the
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PART C — CONTROL SYSTEM (Continued)

element does not transmit due to pressure ot its “A” port. The output trom AND-17 siso pressurizes port “g" of
element NOT-9, causing an output from port “C” of that element, which pressurizes Port 8. The Port 9 signal charges
line E-24, locking out the vibraswitch trip during # stert sequence. In addition, NOT@ output is metered through a
0.028 inch orifice and elenent OR-5 to feed the Group || shutdowns st Port 2. Note, however, that the Group Il
shutdown sensors are in a venting condition until operating pressures and temperatures are reached. As an example,
the Lube Oil Pressure sensor (Dwg. 09-695 75051) will be in a venting condition until actual lube oil pressure reaches
30 psi. Therefore, the metered Port 2 signal will not be able to charge the Group |1 trip lines at this time.

d. In sddition to pressurizing port “@' of NOT-9, the AND-17 output is metered through a 0 006 inch orifice
to an sccumulator at Port 1. The 60-90 sec. time delay required for the metered signal to fill the accumulator 1s known
st Group |1 lockout timirn. Referring to page 3.C-3, section g of this manual, note that an electrical timing circuit is
als0 initiated at a start. The normally closed contacts of relay R2 are used to disarm the alarms for the Group |1 sensors
for B0 seconds. As operating temperatures and pressures are achieved. the sensors shift to the blocking position, and the
metered Port 2 signal begins to fill the trip lines. By the time the electrical timer energizes R2 and arms the alarm
system, the pneumatic lines should be fully charged. Upon completion of Group |1 lockout timing at the accumulator
at Port 1, pressure builds up st port “A” of NOT-® and port “A” of AND-14. The inhibitory signal at port “A" of
NOT O causes the element to cease transmi*ting, and the pressure at Port @ exhausts back through NOT-9, which
reinstates vibraswitch protection. Although the metered signal through OR-5 is lost when NOT @ vents, Port 2 supply
is maintained as sccumulator pressure 8t port “A" of AND-14 causes the element 1o transmit a signal through OR-5
to Port 2. Note that Port 2 is now fed through AND-14 by orifice (10), the same orifice that supplies the Group | shut:
downs. At this time all Group |1 alarms and trips sre active, and the unit is running with full shutdown protection.

e If an unsatisfactory condition should develop which would trip one of the sensors there will be a loss of
pressure at Port 2 of the Shutdown Logic Board in the case of 8 Group |1 shutdown trip, or at Port 10 in the case of a
Group | shutdown. Both ports follow the same vent path. After Port 2 vents the »g" port of OR-5 and the “B" port of
AND 14, pressure is lost at the “A" port of NOT18. Due to the action of the metering orifice (10), pressure 1§ main:
tained at the “'B" port of NOT-18 and the element conducts a signal 1o the “B" port of NOT 24. The signal passes
through NOT-24 and NOT 20 and is transmitted through OR 16 to the "C" port of S/R-12, causing an output at the
“C* port of MEM- 16 Since control air is presant st port “B" of AND-11, MEM 15 output transmits through AND 11
and pressurizes Port B. Port B output is conducted through a shuttie valve (21) to line £-89 where 1t extends the shut
down cylinder, cutting off fuel delivery and shutting the unit down.

f Note that AND-11 output is also passed through an orifice/check (3) and two sccumulators (19) at Port 6.
causing & timed delay When this delay is completed, and shutdown has been accomplished, a signal 1s passed through
AND 7 which is transmitted to the reset por (port A) of S/R-22, causing & loss of pressure at port “B" of NOT 18
which terminates the shutdown signal Element AND 7 aiso transmits through OR -8 to the reset port of 5/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 sccomplished in a different manner. Refer to drawing 09-695 7505
which shows the system in the shutdown state, depressurized and de-energized A 60 psi control air signal 1§ present at
Line E 53 and, if the engine is running, the Stop/Run valve (15) will be in the AUN position, blocking the passage of
control air. Control air is also fed through an orifice (16) and. if the overspeed trip valve (9) is not tripped, pressure will
build on the pilot of 8 threeway valve (11) which shifts 10 prevent the passage of control air. When the overspeed trip
valve is sctuated, the three way valve vents, sllowing pessage of control air through the valve which activates the sensors
on line € 20 and also extends the air shutotf cylinder thereby closing the butterfly valve in the air intake r.anfold and
cutting off combustion air 1o the engine. Note that control air it also passed through the Stop/Run valve (15) and
through @ shuttie vaive (14) 10 line E-90 where it sctivates the “Unit Tripped” sensors, and also extends the shutdown
cylinder (§) which moves the fuel racks to the “No Fuel” position. The engine is stopped due to both fue! and a
starvation
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PART C — CONTROL SYSTEM (Continued)

b If & normal stop signal is applied Oromd“hbducmubutm.aummpmuopmw s
spplied, solenoid valve SOL-128 is energized, sdmitting 80 psi control air to Port 11 of the Shutdown Logic Board. This
signal is transmitted through OR-16 to the “C" port of S/R-12 which causes an output from port “C" of MEM-15.
This output is transmitted through AND-11 to Port 8 which pressurizes line E-89 and extends the shutdown cylinder.
Atter shutdown has been sccomplished a delayed signal acts 1o vent Port B and retract the shutdown cylinder, readying
the unit for a restart,

L Upon receipt of an emergency start signa! from the owner’s equipment, either solenoid valve SOL-BA or
SOL-68 or both will become energized, sdmitting 60 ps sir to Port 7 of the Shutdown Logic Board. This signal o
1 transmitted through element OR -8 to the reset port of §/R-12, which vents MEM 15, AND-11 and Port B, venting the
shutdown line and allowing movement of the fuel racks. The Port 7 signal is also transmitted to the “B" ports of
' elements AND 18, AND-23 and OR-4. The OR-4 signal acts 10 pressurize Ports 2 and 10 of the board as outlined in
paragraphs c. and d. sbove. Note that the output from OR -5, which pressurizes Port 2, also passes through a check valve
to the blocked Port 3 and then 1o the “A" ports of slements AND-19 and AND-23. Due to Port 7 pressure at these
I elements, & signal is transmitted from each 1o the A’ ports of elements NOT-24 and NOT-20. This causes the shut
down signal, which is normally transmitied through these elements, to be inhibited. Note that the shutdown sensors
fed through Ports 2 and 10 are still sctive and continue to monitor the condition of the unit and display fault indications
on the snnuncistor on the control panel. However, since the shutdown line is inhibited, these sensor signals will not be
) able 10 etfect a shutdown while the unit is operating in response 1o an emergency start signal.
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SECTION ¢4
ENGINE OPERATION

GENERAL.

If the engine is being siarted for the first time, remove any preservalive materials that may have been appled
10 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 contamination To reduce the amount of preservative
absorbed by the oil charge, however, it may be desirable 10 wash and clean the interior surfaces of the engine
before circulating oil for the first time Do not attlempt 10 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 hirst ime, or aher a long shutdown or major overhaul

a Check bolts. nuts and capscews, both inside and outside the engine 10 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 fiters 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 cleaniiness and absence of moisture

{  Check all control linkages for proper adjustment and freedom of movement Verity that all fasteners
are properly tightened

@ Check crankshaft web deflections and thrust clearance (See Section 6. Pan D)

oW 4-1
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CLEAR CYLINDER CHECK

An essential part of the pre-start procedure 'S 10 check for the presence of water in the combustion chambers
and the intake air manifold in any waler cooled engine there is some possibility of internal water leakage This
may be from the internal passages in the engine. the intercooler(s), of from the turbocharger(s) Other possibie
causes of water leaks include improper manienance o repalr procedures. faulty installation, or improper
handling during shipment and storage Although the presence of water in a combustion chamber. of the intake
maniold in any signihicant quantity s a rare occurance, the consequence of such a condition can be serous
it the engine 1s cranked with full starting air pressure. and with waler in one or more combusthion chambers. or
i the intake air manifold, the result may well be serious damage 10 the cylnaer nead and/or block Therefore
i is essential that the cyhinders and intake manitolds be checked and determined 10 be free of hquids pror 10
a start This check may be considered mandatory when starting the engine for the hirst ime after installation
or after a long shutdown Of Major overhaul, or whenever the engine has peen shut down and allowed o 00!
for exght hours or more For maximum protection. it 1s strongly recommended that the check be pertormed
pefore each engine stan It is recognized that this may not be practical n instaliations where remole of
unattended operation are a part of the design. therefore. in these cases the stalus of fluid systems and pressure
vessels should be regularly monitored 1o minimize the fsks of water leakage probiems The engine should
not be rolled on full starting ai pressure until such mse tha! it has been determined that there 18 no hiquid
in any of the combustion chambers Barring the engine over 10 determine this 1s satisfactory Brefly the
procedure for checking to determine that the combustion chamber and the intake manifold(s) are free of
morsture involves the tollowing sequence of actons

a Open indicator cocks on all cylinders

b Check for presence of water in the intake ar maniold(s) Striking the sides of the manifold with
a mallet and histening 1o the sound 18 one method of doing this It water is detected the source must be
found and the congition corrected betore proceeding

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

d Bar the engine over slowly with the barring device for two complete revolutions of the crankshalt
Caution
It any resistance 10 free turning is encountered stop cranking and determine cause
before proceeding
e Cneck all ndicator cocks tor presence of moisture If any iquid has been gjected from any cocks
the source must be found and the defect corrected before proceeding

{  Rollengine two complete revolutions on staring ai then again check all indicator cocks for presence
of moisture It all clear proceed

g Ciose all indicator cocks
n Place Stop/Run vaive in RUN

LR L "2
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SAFETY PRECAUTIONS. ;

Of all the rules of umy.mmonumntovom Oncmuﬂ.dmnmmmdbodymdunm.undmpoct
the forces present with an operating engine which could destroy him in an instant if not controlled The following
standing rules of safety should be observed at all imes when operating the engine, as well as those required
by the owner and operator, governmental regulatory agencies. and the dictates of good common sense
Keep area around engine and associated components clean and unclutiered at all imes

Do not store 10018 O parts on platforms or engine

Always monitor nstrumentation often enough 10 be aware of the condition of the running engine

Never start an engine without knowing exactly how the engine can be stopped in an emergency

e a 0 O &

Never start an engine without visuaily checking for personnel in dangerous positions

-

On intial startup ater an overhaul, always station a man near the governor
Never run a generator set with the switchgear doors open

h  Always wait 10 10 15 minutes after shutting down before removing engine covers
| Know the top turbocharger speed and observe it
Never look directly into an air flow nozzle from close proximity Use a mirror

- -

Never take finng pressure on a detonating engine
| Never run with the oIl system pressure over 90 ps
m Use guards around all rotating wheels and shafts
n  Never expose the hands 10 injector pop spray
o Never run an engine if a dangerous condition 1s suspected Stop first, then consult @ supervisor

p The use of satety glasses and ear protection while the engine is running should be in accordance with
the owner § reguiations

a Do not weld next to crankcase relie! doors when engine 1s running

ai 4-3
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CONTROL OPERATIONS.

All control operations, such as pre-start procedures, starting, running and loading of the dieselgenerator, may be
carried out from either the Local Engine Control Panei of the owner’s Remote Control Room equipment. A switch
is provided on the Generator Control Panel which allows selection of REMOTE or LOCAL control. In addition, mode
selection control is provided st the Local Engine Control Panel. Note that the Mode Selector Switch has a keyed inter
lock, which allows suthorized personnel 10 lock the system in either the INOPERATIVE or NORMAL mode

PRE START PROCEDURE.

When starting 8 cool engine after a shutdown, it is very important that the following procedure be carried out prior to
attempting 8 start, and prior 10 placing the unit in NORMAL mode.

s Switch "REMOTE/LOCAL" switch on Generator Control Panel to “LOCAL...
b.  Place Mode Selector Switch in INOPERATIVF position.

¢ Barring device interiock locked out.

d  Open indicator cocks on all cylinder heads

e  Push the “Engine Roll” pushbutton on the Local Engine Control Panel, allow the engine to roll at least
two revolutions, then release button,

f. Inspect all indicator cocks. i liquid has been ejected from any of the cocks, the source must be found and
defect corrected before proceeding

g Close indicator cocks

PLACING THE UNIT IN NORMAL MODE.
The following operations must be performed to return the unit to NORMAL mode from the INOPERATIVE mode

. Check levels of fuel oil day wank and lubricating oil tank

b Select the fuel oil transfer pump to be used it day tank requires filling, Select either HAND or AUTO
operation, as desired.

CAUTION

11 HAND operation is selected, operator sttendance is required 10 prevent overfilling of the tank

c Check that lubricating oil circulating pump and heater and jacket water circulating pume and heater are in
AUTO or START positions, a8 desired

d Check that DC Fuel Oil Booster Pump, and Starting Air Compressor switches are in AUTO or ON posivons,
#s desired.

e Check AC and DC power indicator lamps ON
f. Check Starting Air Pressure
Check that Overspeed device not tripped.
Place "REMOTE/LOCAL" switch on Generstor Control Panel in “LOCAL" or “REMOTE" as desired

Place Mode Selector Switch in NORMAL position
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STARTING PROCEDURE.

LOCAL MANUAL START.

To stert the unit manuslly from t.. local panel while in the NORMAL mode, perform the following.
s Place "REMOTE/LOCAL" switch in LOCAL position.
b, Pull and hold start valve. As soon as the engine has fired once or twice, release valve.

[ If the unit’s entive protective system is permissive, it will start, come up to speed and build voltage
sutomatically.

REMOTE MANUAL START.

A manual start may be initiated fror  uhe remote location while the unit is in the NORMAL mode by performance of
the following steps.

. Place the "REMOTE/LOCAL" switch in the REMOTE position.
b, Momentarily switch the AUTO/OFF/START switch at the remote panel to the START position

c The control system will sutomatically activate all shutdowns and the unit will start, come up 1o speed
and build voltage sutomatically.
EMERGENCY START,

The unit will accept an emergency “Start Diesel” signal generated by the owner’s equipment if the REMOTE/LOCAL
switch is in the REMOTE position, and if the AUTO/OFF/START switch is in the AUTO position. If the unit is at rest,
coasting to 8 stop, or otherwise operating at less than 200 rpm, receipt of & “Start Diesel" signal will cause starting air
to be injected into the cylinders, and the unit will start, come up to rated speed and voltage automatically, and disarm
all protection except for overspeed and generator ditferential. If the unit is being manually operated at speeds in excess
of 200 rpm, receipt of » “Start Diesel” signal will cause the unit to come to rated speed and voltage, and will disarm
ol protection except overspeed and generator differential. In such a case the air start valves are not actuated, due to the
sction of a pressure switch which isolates the sir start devioes at speeds above 200 rpm.

MANUAL STOP.

Reduce 198d and open the main circuit breaker. When engine temperatures have cooled to the desired level, actuate the

normal stop pushbutton if the unit is being operated from the iocal pane'. If the remote location is in control, place the
AUTOQ/OFF/START switch in the OFF position.

EMERGENCY STOP.
Perform one of the following sctions to stop the engine in an emergency situation
. Open main circunt breaker and actuste stop switch in previously selected control location

b Actuste "“Emergency Stop” pushbutton st Local Control Panel, if unit is in LOCAL control. Note that only
the “Emergency Stop” pushbutton, not the normal stop pushbutton st the local panel, is operational while the unit is
being operated in response 1o » “Start Diesel” signal

e Manually place the STOP/RUN valve on the engine to the STOP position.
d  Manually place the governor load limit switch on the governor 1o zero load
. Manually trip the overspeed device

' i none of the sbove procedures work, the engine may be stopped by pushing » fusl pump lever towards
the engine block. This will rotate the fuel shaft and cut o pump delivery. Mold the lever until the engine stops

DEAY 7808178084 4-5
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STARTING, STOPPING AND OPERATING PRECAUTIONS.
As s00n 8 the engine is running, all gauges should be checked for proper Operating pressures and temperatures as shown

in Appendix ||

WARNING

Use only compressed air for starting. Substitution of compressed gases, especially oxygen, may

result in 8 violent explosion

4-6
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SECTION 5
INSPECTION AND MAINTENANCE

PART A — PREVENTIVE MAINTENANCE

GENERAL.

Continuous design refinement and many years of experience in the manufacture of large, medium speed desel. dual fuel
and spark ignited engines have become a part of the Transamerica Delaval “Enterprise”” engine. Each engine undergoes a
thorough testing program and inspection procedure before shipment. Transamerica Delaval does not recommend the
type of progressive maintenance system used by railroad maintenance shops, NOr 1S any specitic time interval between
major overhauls or cylinder head valve reconditioning recommended E xperience and local operating conditions must be

the final determining factors as to the actual frequence of upkeep, overhaul and repair actions

MAINTENANCE PRACTICES.

To give the engine the longest useful service life with the least amount of down time for unscheduled maintenance of
repair, it is necessary 10 have a program in effect 10 keep the equipment clean, 10 inspect it regularly, 10 tak e the neces
sary preventive maintenance actions, anid 10 keep the records of the operation and other useful information

A It the engine and other equipment s kept clean, it will be easier 10 make a good and complete INspection I
will also keep dirt out of mowing parts and thus reduce wear |t will also provide a good indication of how well the

equipment s being takan care of in general

b If the engine and equipment is inspected at regular intervals, small detects can be found and corrected
before they become large and require more expensive and time CONSUMING repairs

c. A program of regular preventive maintenance, together with keeping the unit clean and inspecting It
regularly, will permit the replacement of wearing parts before they can Cause serious malfunction and/or damage 10

the engine and equipment

d Records, when kep! on adequate forms and filled out on a regular basis will keep operating personnel
informed of the current running condition of the equipment Then, when compared with past log sheets, gradual
changes in such things as temperatures, pressures, noise, etc., will reveal the general condition of the equipment and

greatly assist in the planning of general overhaul requirements

PERFORMANCE CURVES.

The majority of engine problems are preceeded by some change in the operating data, however, these changes may be
s0 slight and gradual that they are not aasily detectible uniess the data is recorded in @ manner that graphically makes
these changes appear as a trend Charts and performance curves can fulfill this function As with any technique which
depends on the recording of observations, it is essential that the data be accurately read and caretully recorded The
following paragraphs illustrate some of the information that can be obtained from charts and curves Charts may be
kept on graph paper, or any other convenient form, and in the format that will present the data in the mos! useable
form Logs and daily operating records should be maintained in & form that is suitable for the purposes Data should be
taken and recorded each day under the same load conditions. The load should be selected according 1o average operat 9
conditions, and should be within the 76% — 100% load range The following illustrations provide an example 0! Ow
the data on performance curves can be used in planning future maintenance actions

5A1
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PART A — PREVENTIVE MAINTENANCE (Continued)

AR
im g

TIME (Dally and Monthly Summaries)

4 1f lubricating oil pressure starts to decrease, but the lubricating oil temperature remains constant, this would
indicate that bearings are starting 10 wesr 10 excessive clearances, that the lubricating oil pump is wearing excessively,
or that the relief vaive is not functioning properly. It could also indicate excessive fuel dilution If lubricating oil
pressure starts 10 decrease while the lubricating oil temperature rises, it might indicate that the heat exchanger equip

ment 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 temperature requires an immediate reduction or removal of the
load if this is possible. The cause of the temperature increase must be determined and corrected

. S

TIME (Deily and Monthiy Summaries)

L O Comsumption

b If lubricating oil consumption starts 1o increase it could mean that the piston oil control rings are starting
to foul, or have worn excessively | this is the case, ol is being burned and should show up in the exhaust as a light
blue or grey smoke |t could also mean that the intake or exhaust valve guides have worn excessively A third possibility
s @ leak in the lubricating oil cooler This can be checked by looking for evidence of oil in the cooling system

.

TIME (Delly and Manthiy Summaeries)

c. If crankcase vacuum starts to go towards @ 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

65-A2
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PART A — PREVENTIVE MAINTENANCE (Continued)

d If jacket water temperature starts to rise, it could mean that the jacket water cooler IS starting to foul It
must be remembered, however, that the temperature control valve starts to open five degrees tarenheit before the set
point. This means that the controlled outlet temperature may vary 159F . depending upon ambient conditions i inlet
temperature starts 10 drop, indicating a greater temperature ditferential across the engine, 11 could mean one or more
of the following conditions may be present

(1) Poor combustion

(2) Leaky head gasket(s)

(3) Scutfed piston(s)

(4) Faulty venting of jacket water system

(5) Faulty water pump

5A3
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_’ ~ Instruction Manual 5-A-4

OPERATING REPORTS.

A record should be mantained of the conditions of engine operation, and in the case of an engine /generalor set
the generalor as well This record may be kept in any form which proves 10 be suitable 1o the owner for his
purposes. however it is recommended that as a minimum the following conditions be recorded

a Load (%)
b Engne Speed
¢ Crankcase vacuum readings
d Fuel pump rack positicns (mm settings)
e Temperatures
(1) Ambient ar
(2) Intake ar maniold
(3) Lubricating o/l
(4) Cooling water
(5) Exhaus! (cylnder and stack)
t Pressures
‘ (1) Ambient ar
(2) intake ar maniold
(3) Lubricating Ol
(4) Fuel

Transamenca Delaval Forms £.276 and E-277 copies of which follow. are available for 1his purpose and may
be ordered from the Pars Depantment Form E-276 provided for a daily recording of data and Form E-277 18
designed 10 provide a periodic summary of the daily reports Due to the normally imited operaling hours of an
engine in nuciear standby service the frequency of observations will of course depend upon the frequency of
operation

- 5-A-4
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PART B — SUGGESTED MAINTENANCE SCHEDULES

GENERAL.

The maintenance schedules outlined on the following pages are those recommended as an acceptable means
for maintaining the engine in peak operating condition. Operating expernence and the particular needs of the
owner may indicate the need for additional Inspections. Inspection intervals used are considered (o be generally
ideal, but operating experence must be used to decide the uitimate suitability of the suggested schedules
Where experience indicates more trequent inspection of 8 particular part or system is needed. the ime interval

MAINTENANCE SCHEDULES
Unless otherwise stated or ine Inspection Guides, the following inspection intervals are recommended for use

a DALY — Operations which are 10 be performed on a daily basis. independent of engine operating
hours

p WEEKLY — Operations which are 10 be performed weekly, regardiess of engine operating hours

¢ MONTHLY/EXERCISE TEST — Operations which should be performed each time the uni undergoes
its penodic exercise 1est. 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

o BI-ANNUAL /ALTERNATE PLANT SHUTDOWNS — To be performed at alternate reactor refueling
shutdowns, of bi-annually

{ FIVE YEARS — To be performed at the neares! plant shutdown period prior 1o a five year interval

INSPECTIONS GUIDES.

The recommended maintenance actions are listed on Inspection Guides, divided into inspection intervals
The guides are further separated by component groups such as the diesel engine, eiectrical components,
auxiliary equipment, eic References are provided 10 direct the user 10 the sources of information needed 10
assist in performing the maintenance actions In addition 10 those maintenance actions listed on the individual
guides all external parts of the engine should be trequently felt by hand. particularly during the first few hundred
hours of operation, 10 detect any excessive temperatures on heads and crankcase side covers

& 5-8-1
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE Frequency: DAILY
Component Group: Diesel Engine

Special Conditions. Unit in STANDBY
om Refarence

Observe and record lubrcating oil and jacket water
temperatures (Keep warm pumps running)

Drain all low point water collectors. “Y" strainers and ar Instruction Manual, Section 6, Par |
recever 1anks in staring ar system

Check engine and auxiliary equipment for ol water and fuel
ol leeks

Check level of lubricating ol if SUmp tank Add oil as needed | Instruction Manual, Section 6 Part K

Check level of lubricating ol i governor and pedestal beanng Associated Publications Manual
Add o/l as needed

Check fue! ol pump rack for treedom of movement through See assembly drawings in Parts Manual
tull imit of travel. Do not disconnect from governor

Check turbocharger bearnng Jubricating system sight glass for Instruction Manual, Section 6. Part K
' oil flow

Drain water from crankcase vent piping drip legs
Verity all controls in proper position for standby instruction Manua! Section 4

Check all governor knob setings Associated Publications Manual
Load Maximum
Droop Mid-point
Speed To provide mechanical governor
control at 470 rpm

" AN & 5-8-2
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PART

B — SUGGESTED MAINTENANCE SCHEDULES

(Continued)

5-B-3

INSPECTION GUIDE

Frequency WEEKLY

Component Group: Diesel Engine

Special Conditions: None

Tunondoclncauuoioﬂbooﬂumtonmonmmc
circulate fuel through system Check straners

for clean fuel

LR U o

5-8-3




L

mon.dunonmm
Immlwwwﬂuummmum
Drain waler and/or sludge from WNNMMMN

It dtterential pressure indicales (15 psi or greater), clean of
nﬂlcomwmnmdodwwmdl

cnockpmwovdmm Correct as recommended
bycmmww qu.zsans

cmaummm.)mnwmmcanmu
movement menmrymwwm
wheel bearnng grease Check may be done manually by
mrmmctmom.ubywﬂymoowu\om
actuating cylinder

m'mwwmdmmm
heat exchangers

Record all operating parameters Compare with baseline
data 10 insure engine s operating property

Instruction Manual - . .
PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)
INSPECTION GUIDE Frequency: MONTHLY o EACH EXERCISE TEST
Component Group: Diesel Engine
Special Conditions. MONTHLY, or each test, whichever comes first
nem Reterence
Clean and inspect “Y" sirainers in starting air system Instruction Manual. Section 6. Pan |
cnackwuwwﬁnuwmowum i 15 psi or Associated Publications Manual

Associated Publications Manual
Associated Publications Manua!
Associated Publications Manua!

Instruction Manual Section 6 Pant K
Section 8. Appendux V!
Instruction Manual, Sec 6, Part J

Inst Manual. Sec 6 Pan L

Associated Publications Manual

] 5-8-4
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)
..+ "ECTION GUIDE Frequency. ANNUAL/EACH PLANT SHUTDOWN
To-m ~nent Group: Diwesel Engine
Special Conditions. Annual of each shutdown, whichever comes hrst
Item Referance ]

Drain lubricating o system Refill with new 01l

mm«nmommm;mammmao'
engine for any abnormal condition Check with a good
for evigence of babbitt flakes I excessive water or sl
i§ present drain crankcase Determine cause and take
necessary corrective action

Check valve lash (If equipped with hydraulic vaive ifters
perform leak down test reinstall and agjust)

Remove fuel ‘Mector nozzies. clean. reset and renstall

Check connecting rod and hnk rod bearnng clearances

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

Check foundation bolts for correct torque Retorque as
necessary Check and record crankshatt web detiections

Check lubricating oil jets for plugged or broken hnes

Remove cam covers and cyinder head covers inspect
cams, tappets. roliers, rocker arms. push rods and springs

Drain governor ol Clean and flush. then refill with new ol
Replace governor drive Coupling element

Check cOld COMpression pressures and maximym finng
pressures |f 80 ndicaled remove cyhnder heads. grind
valves and reseal Check nngs and iners

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

Ingpect intake ar hiter. and service as recommended by
manufacturer

Inst Manual. Sec 6 Part K
Section 8. Appendix V!

Instruction Manua! data sheel
and Section 6 Pan B

instruction Manual. Sec 6. Pant F
Asso Publications Manual — Bendx |

Instruction Manual. Section 6 Pan C
and Section 8 Appendu |1l

instruction Manual Section 6 1
Part D and Section 2

Inst Manual Sec 6 Pars B & E

instruction Manual Sec 6 Pan K
Asso Publications Manual — Woodward

inst Manual Sec 6 Pars B & c

Associated Publications Manua/

Associated Publications Manual

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

INSPECTION GUIDE Frequency. BI-ANNUAL/ALTERNATE PLANT SHUTDOWNS

Component Group: Diesel Engine

Special Conditions: Whichever trequency point comes first

tem

Reterence

inspect gears for general condtion Check backlash and
replace worn gears exceeding maximum clearance

Remove fue! Imeclion pumps Disassemble, clean. repaif
and adjus! as necessary
Check man beanng shell thickness

inspect main beanng crank journals

Check crankshaht bearngs and idler gear bushings

Inst Manua!. Sec 8, Appendix Il |

Instruction Manual. Sec 6 Part F and |
Asso Publications Manual Bendix
nstructions

inst Manual. Sec 6 Part D and
Section B, Appendix VI

Instruction Manual. Sec 6 Part D
Section B8 Appendix Il

inst Manual Sec 6 Part E
Section 8. Appendix ||

LS .'.-.
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PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE Frequency: EVERY FIVE YEARS
Component Group. Diese! Engine
Special Conditions. Nearest plant shutdown 10 five year point

1ER

em Reference
Remove turbocharger(s) Disassembie clean. inspect. Associated Publications Manual
repar and reassemble manufacturer s instructions

e 5-8-7
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PART C - PRESERVATION AND STORAGE

mmvmmmmmm

The diese! engine/generator set is prepared for shipment in conformance with contractural requirements, and consistent
with the provisions of ANSI N5 221978 “Packaging. Shipping, Receiving, Storage and Mandiing of Items For
Nuciesr Power Plants (During The Construction Stage Phase) * The degree of preservation will depend upon customer
requirements, and the snticipated term of storage Unless otherwise provided for by contractural arrangement, the
following preservation methods and requirements are the normal standard tor Transamerica Delava! Inc

PRESERVATION MATERIALS.

In addition 10 the tapes, barrier materials, desiccants etc specified n Section 3 of ANSI N452.2.1978, two preserva
von materials are normally used These are Tecty! 502.C and Tecty! 890, both manutactured by, and available trom
Ashland Petroleum Company The characteristics of these two preservatives are as follows

] Tectyl 502.C (US Government spec:fication MIL-C- 16173, Grade |1, and MIL P 116G preservative type
P.2) is @ soft amber, transparent film preservative which may be applied by spraying, dipping of brushing It provides
extended undercover of INGOO! Protection for the interior Or exterior surfaces of machinery  instruments, baarings. eic
and provides limited periods of outdoor protection where metal temperatures do not produce a flow of the fim It May
be removed with petroleum solvent, lubricating oil, hot alkal wash, Or with & vapor degreaser Tecty! 502.C should
provide adequate protection for six months outdoors, end for 18 months when indoors, of intenior surfaces which are
sealed off from the elements

b Tecty! 890 (US Government soecification MIL-C-16173, Grade |, and MIL-P 116G preservative type P18
8 firm, black, opaque fiim preservative which may be app!ed by spraying. dipping of brushing It provides tor preserva
tion of items stored (ndoors O OUIGOOTS, with or without cover where 8 firm film i required |t May be removed with
petroleum solvents, of with & vepor degreaser  Tecty! 890 will provide protection for up to 30 months when outdoors,
and in excess of five yaars when stored indooOrs, Of under cover

DESICCANTS.

When the use of 8 desiccant is specified, # viica ge! type product such #s PROTEK SORB 121 manutactured by
Davison Chamical Division, W R Grace & Co u normally used for this type protection PROTEK SORE 121 silica
gel 18 & pure, chemically inert amorphous silica The action is purely physical, with o change in wie of shape of the
particies as they become saturated Even when saturated, the materal looks end feels pertectly @ry Desiccants are
neckaged by “unity” rather than by weight, 8 unit being defined as that weight of desicoant which will absort a1 least
three grams of waler vapor ! 20% relative humidity and at least s grams of water vapor at 40% relative humidity at @
remperature of 25°C Silica ge! can be regenerated in & vented oven, following the manutecturer s instructions Although
silica ge! provides no visible indications &8 1o the condition of the gel, humidity indicators, of TEL TALE ndicating
ge' may be used for this purpose These indicators will gradually change color from & deep biue towards 8 pale pink as
the gel becomes stursted with water vepo!

GENERAL PRESERVATION PROCEDURES.

The following Gepicts the ganersl procedures used Drior 10 shipment for the pressrvation of diesel engines and. when
appropriate. other sppurtances furnwhed by Transamerica Deiaval, Engine and Compressor Diviwon and for the
maintenance of this preservation protection during storage

“ With the engine running disconnect the fuel line shead of engine fusl booster pump and allow the eng:ne
16 burh about five 10 ten gations of pure tecty! 502.C before shutting dowr  Cap fuel line 10 engine

b Sas' 81! 0DENINGS 10 the interior of the engine

¢ Memove fusl inectors and spray Tectyl 502.C inude the combustion chambe: costing the oy linder liner
piston crowns, and cylinger haed foues Feplace 1necton

5C1 ICRTEE T 1)
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PART C — PRESERVATION AND STORAGE (Continued)

d. mwm»mum.munnmnmtmm-cwwmcomc-
tion until tmnmum-ﬂmmw. Tnmummmmnautmynm

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

' nmmmunmmmwmmmmm Tecty! 502-C. Replace covers

9 Remove cam gallery side doors and thoroughly coat the entire camshaft and housing with Tecty! 602.C
Replace doors

h Remove cover plates and inspection doOors ON Qearcase covers Cout gears with Tecty! 602-C Replace cover
plates and doors

i Remove engine side dOOrs and spray #ll sccessible machined interior surfaces within the crankcase with
Tecty! 502.C Replace side doOrs

) Remove upper hal! of resr oil seal and Spray Tectyl 502-C on the shatt and throughout the area Henstall
upper halt of rear ol seal

K Carefully examine ail gaskets and equipment removed from engine for demage prior 10 renstallation
Replace all gaskets that show signs of demage

| w'wr.'mmw-lvmhm.w
m  Cost all machined and unpainted surfaces on the exterior of the engine with Tecty! 890
n Fill governor 10 t1op with oil Any good 40 weight automotive type o'l will be sutticient

0 Check that all openings 10 Interior of engine are closed Replace all covers, plates, biing flanges, etc that
wer o removed

In sddition to thos procedures outlined in the previous paragraphs. the following procedures can be used priof 1o
shipment of diese! engines and they sopurtenances 10 prepare them for long term (six months of (orjer) storage
Although ech of these proced.res i strongly recommended. they must be specified by contract if they are 10 be per
formed by Transamerica Delaval

o Remove higuid filled gauges (rom the engine and store them separately 10 protect them from sccidentsl
breasage of damage

b Mmloumndmmtnmmmn x 3 inch board in the bottom of the crankcas A
blank mmmommmnwmn Nuﬂﬂmmﬂoumwmmw'wmm
instalied 1n the tapped hole

¢ Place one B0.unit bag of desicoant ot either end of the intake manitold One 16-unit bisg of devccant should
be placed within the imake port of each cylinder haad and sither (aped 0 place, of o ured 1o some kind of wooden
Block

[¢] !wmmnnu.mxnevt.mm“
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PARTC - PR!“RVATM AND ST ORAGE (coMM)
e  Grease all geskets on mmumr.-wv, and bolt all sur taces tightly together

L RmdlWMMWmmpum,wnomphﬂmuanhthw
closed Store in a box. mmmuumw hou‘-mnmw-wm.mbmmdmw'oow
nmm\wnnmmmuohnwn Tmmqmmww Make sure all fuel racks and hinkeges

" memlm.umm.mmd“,wmmmpmw.cnmo
m«ndm“mn.wﬁvummmawmmnuvnwdmpuucm.ldmmouaw

h Each |mmhononmnmmmm.mo\md¢wcmm placed omam\vwcowv-ud
with duct tape

| One 16-unit bag of gesiccant should be placed within the urbocharger (s) outle! port Seal all turbocharger
openings with plind flanges and duct Wape

) Highly wisible warning placards should be placed on each piece of equipment, or 3t sach access 10 87805
which montan desiccant 10 warn of the presence of the desiccant, and 10 serve 8s 8 reminder 10 remove the des ccant
petore the engine 1§ star ted

I the engine and associated equipment 1§ 10 be placed in storege prior 10 instaliation. the preservation procedures
spplied prior 10 the shipment must be maintained For long term storage (six months of jonger), the following lovels
of storage, a8 defined Dy ANS! N45 2 21078 wre recommended

Kl Level B -~ Storage within @ fire resstent, teer renistent, waathertight and well ventilated building, Of eQu
valent enclosure, not subject 10 fooding and with a paved of otherwise surfaced fioor with good dr ainage 1tems should
be placed on paliets of shoring 1o permit s circulation Temperature control and uniform heating 1o prevent conden
stion and corrosion, and 10 provide remperatures between the ranges of 40°F minimum 1o 140°F maximum The
following types of equipment provided by Transamerica Delave! should be stored in Level B tacilities

1 Motor control centers
2 Generstors
3 Switchgear
4  Conwol Panels
§ A tiers
b Level C = All provisons and requirements of Level B except for hest and temperature control
\ Engines and attached squipment
2 Pumps and Vaives
3 Auniary skids
4

Lubricating o filters and strainers

¢ Transamerca Delavel recommends that jems listed for Level C storege have heat and temperatun contral
" well

mmemmmW&umm. Recaving Storege
umumummmmuwmuwm.n 1978, with the permis

won of the publisher mmdelw.wﬂlwww.nlmcmlm
New York NY 10017

.'C’ LRI |
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PART C - PRESERVATION AND STORAGE (Continued)

A visual examination of the engine and other equipment should be made before oft-losding to determine it any damage
was incurred during shipment This inspection should be mace accordance with ANSI N452 21978 Thetollowing
areas of inspection should be conducted

a Fire - Charred wood, paper of paint, Indicating exposure to fire or extremely high temperatures

b E xcessive exposure — Weatherbeaten, frayed, rusted, of stained containers indicating prolonged expasure
during transit

c £ nvironmental damage — Water or 0il marks, demp conditions, dirty areas, or salt tim Lindicating exposure
10 sea water or winter road salt chemicals)

d Tiedown failure ~ Shitted, broken, loose of twisted shipping ties, and worn material under ey (Indicating
improper block ing and tiedown during shipment

3 Rough handling — Splintered, torn of crushed containers iIndicating \Mproper handling Review of impact
recording instrument readings

1 jtem inspection - Uniess the package marking prohibits unpacking. the contents of all shipments should be
visually inspected to verify that the specified packaging and shipping requirements have been complied with When
[terns are contained in ransparent, IBparate moisture proot bags or envelopes, 8 visual INSpection without unpack ing s
preferred Statistical sampling methods may be used for groups of similar itens Care shall be taken 10 avoid contaming
tion of the items during inspection The inspections shall be performed in an ares equivalent 10 the level o' s10rage
required for the item. These inspect:ons are examinations shall include the following. #s appr oo ate

! idenutication and Marking  Verification that identitication and markings are in accordance with
appiicable codes. specttications, purchase orders, drawings, and these Nstructions

2 Complete Shipments Verify that the contents match packing lists (! there are discrepances, contact
Transamerica Delavel, Engine and Compressor Division, Customer Service Department immadiately

3 Manutacturing Documentation  Assurence that the dorument certifying that the item receved was
fabr cated tested and \nspected priof 1o shipment in accordance with spplicable code, specification. purchase orde’
and/or drawings 18 included in Shipment if applicable

4 Protective Covers ard Seals  Visual inspectio 10 sssure that covers and seals are secure

6 Costings and Preservatives Ver tication that coatings and preservatives are applied i accordance with
specitications, purchese orders of manutacturer s instructions

6 inert Gos Blanket  Verification that the inert gas Dlanket pressure s within the scoeptable Lim 1 "
used

7 Desiccant  Ver 1ication that the desiccant it not Wiureted, determined by the use of hum dity ndca
tors Desiccants shall be regenerated of repIaced 85 NeCEssary IN BCCOMHRNCE with manulacturer's Nt uctions

B Pryscal Demage  Visusl inspection 10 asre thet parts of Hems are not broken, cracked MIsng
deformed of M saligned and rowenng parts turh without binding Acomssible n1ernal ond external areas shall be fre of
detrimental gouges, dents, scratches and burns

6C4 TR L



Instruction Manual 5C5

PART C — PRESERVATION AND STORAGE (Continued)

9 Cleanliness Visual inspection 10 assure that sccessible internal and external areas are within the
specification requirements for dirt, soil, mill scale, weld splarter, oil, grease, Of stains Inspection for clean|iness 15 per-
formed prior 10 sealing and shipping, therefore, if recaiving iInspection indicates that there has been no penetration of
mmmv.mmmw mmwnmmu

9 Contormance Inspection - ummm:mnmﬂuomma the source, it should
be inspected or exarmined at the point of receving 10 verity that the following characteristics conform 1o the specified
requirements These inspections Of examinations should include such items as the following

1 Physical Properties Nondestructive examination 10 assure that physical properties conform 10 the
specified requirements and the chemical and physical test reports, if required, meet the requirements

2 Dimensions  Random visual inspection o assure that important dimensions conform with drawings
and specifications Examples Base plate mounting holes, overall external size, contiguration and orientation of parts

3 Weld Preparations Random verification that weld preparations are in accordance with applicable
drawings and spec ications

4 Workmanship  Visusl inspection of sccessible areas 10 assure that the workmanship 18 satisfacrory 10
meet the intent of the requirements

% Lubricants and Qils Ver fication of pressnce of proper lubricants and oils, If required, by either
spec hication. purchase order or manufacturer’s instructions

6  Electrical Insulation Parformance of insulation resistence tests for MOLOrs, geNeratons, control and
power cable, 10 ensure contormance with specifications

h Special Inspection ~ Where recaiving Inspection in addition 10 that descr ibed above 18 required, the ‘57«8l
Inspection’ procedure, complete with documentation instructions, shall be sttached 1o the item of containet, this s in
sddition 10 the iInspection, and the resuits of the inspection shall be documented

ON-SITE PREPARATION FOR STORAGE

|1 the engine and other components e 10 be placed 1 S107age Pr o 1o instaliation. the engine should be offioaded and
moved 10 i1s storage location Place engine onto Tecty! coated hardwood blocks The mounting flanges must be sup:
ported by 50% of thew area equally spaced Tnnmuwuwwmdw » tarpaulin, and the terpaulin
securely fastened to the skid |1 the storage 18 10 be long term, the praservation prooedures applied prior to the shipment
must be maintained Tummm-nudmnwdnmmuwu i precesding paragraphs

STORAGE INSPECTIONS.

§ix month inspections of the unit should be conducted 10 the following criteria, witnessed by & Transamerica Delaval
saryicn represaniative (upon receipt of & purchase order), of documented by 8 formal report by the owner § inspector

" Do not rotate the engine

b lmmmwmw Wﬂ-’mmmv oomtountmmunmuum
Iutely NeCesssry

3 !m'mptm'ovwmunnﬂﬂfm f any damage exists

g Examine 8ll humidity indicaton for 60% saturstion Replace of regenerate the saturated slica gul a8 neces
wry |1 the inerior of the engine s anposed 1or any resson, reepoly Tecty! #s needed
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PART C ~ PRESERVATION AND STORAGE (Continued)

. inspect the hardwood suppor s for any indication of settling 11 settling has Wd A g Storage, Supports
should be replaced or adjusted as Necessary

! £ xamine intake manifolds and turbocharger (s) for deterioration Clean and preserve as Necessary
g  Replace tarpaulins and secure

RECOATING OF PRESERVED SURFACES.

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

“ Every six months, or less |f inspection indicates nNeed, all outside surfaces of the engine which have been
conted with Tecty! 502.C should be recoated

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

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

Large, One basring generators are shipped disassembled and are preserved for shipment and storage by the manutacturer
In addition to those requirements specitied ‘or engines and associated equipmer . the following conditions apply to all
generators Additional requirements may be specified by the manufacturer

8 inspect Shipment — Inspect stator, rotor and besring pedestal 10 determine condition as recewved Damage
10 skid tmbers 1 evidence of humping of rough handling Damage 10 wrpauling and plastic covers could expose eau'e
ment 10 moisture INSpRct lands 8nd BCCRSION &S Check bearing and shaft surtace for moisture and rust Inspect stator
and rotor windings and test insulation resistance. 8 low value indicating presence of moisture or contaminant on cols
It generator is shipped as a sesled unit, do not open for mmmnmuwmd external damage 10 the
packing

b Insulstion Resistance ~ Teke insulation resistance 1ests ON SWALOr 8Nd rOLO! WINGINgs every thiee 10 §ix
months. Take 8 one minute resding with 8 500 voit megger Recommaended minimum values are Mﬂm -
x megohm on stator end one megohm on rotor A dry, clean winding will test much higher A more thotough test of
insulation 18 10 continue Megger test for one 10 10 minutes. The 10 minute reading should be much higher than the one
minute reading For dryout procedure, refer 10 generstor instruction manual This paragraph applies only f generator
18 NOt completely seled

¢ Storage ~ Should be in s Level B storage faciity as defined by ANSI NAS 2 21978

4 Bearing and Shatt _ Pedestal bearing should be stored " 8 clean, dry 8res and covered of bored The sleeve
bearing surtace is gressed or costed with Tectyl for shipment For long term storage, @ desiccant placed nnde the

mmnw
CAUTION

Some desiccants May be corfosive on contact

Level C storage s recommended Bear ing and pedests. perts should be inspected after the first month and every three
months thersatter They should be cleaned and regreased | necessary  Unpeinted surfaces on beering housngs should
be kept coversd with grasse or Tecty! 502.C Unpanted parts of the shatts are coverad with & rust prevent tive such &
Cosmoline, or with Tecty! 802.C. end should be inspected every thise months 11 besrings and shatts are not gssembled,
then st both parts on 8 block of wood, preserve with Tecty! 502.C and cover

. All ganerator equipment must be inspected a1 six Month intervels by the manufacturer’s sefv.ie reptuaen
wtive The windings must be megged at this time, and Sccurate reports wnt 1o Transamerica Delaval and Lo the Many
facturer of the generator

“‘. (Y an
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PART D — INSPECTION AND MAINTENANCE RECORDS

onmtcmmncm.wwuw mudmchmyuwmmwammov nis
WM.Mrmdhnﬂdm and maintenance observations A seres
of “Inspection and Maintenance Record” forms, Transamerica Form £-267 (Figures 5-D-1 through 5-D-16)are
available for this purpose These are used by Customer Service Representatives torecord clearances 10rques.
and other vital inspection observations and condiions These records will be of great value in the tuture
planning of maintenance and overhaul requirements. and 10 assess the wear trends and performance
characlenstics of the engine

INSTRUCTIONS FOR USE.

To be of value in helping 1o determine both present and future repair and replacement needs. i 1s essental thal
all information be accurately recorded The following should be observed when using the forms

a Torque values should be recorded in foot pounds (f1-1DS) uniess otherwise noted

p Clearances should be recorded in thousandths of an inch. i e 4=0004n, 2=0002n 250025,
12+1 002, 125+ 025 in . etc It other than inches is used specity on each sheet the unit of measuremen!
used

¢ Where signihicant dial indicator readings should be recorded as * of - (plus or minus) A reading not 8o
speched wil be assumed 10 be a plus (+) reading

@ The heading of each form is filled out as follows

1 Component Group Tile Pre-printed with name of Major component which 1s covered Dy tha!
shee!

2 Parts Group No  The three aigit pans group number 1o which the component group belongs ana
in which it myu«mc‘mmnm Manual

3 Shee! The identity of the record within & pans group
4 Page memmwmlumcum parts group/ sheet
5 Customer anmdm/mmadnwﬂ"m

6 Equipment Locaton Physical location of equipment specitied by name. posilion number, of
o'wducmmnmmnmuowwm»mmmmm

7 Engine Mode! WM“W"‘OMW.

8 Seral Number The number appeanng on the engine nameplale Usually consists of a five digi
gcoup,uuonmuwmvwo

9 Customer s designation mmmmmnum.wnmtmwmowm
mmmwmwwmﬂnnm.mmmm

10 Total Engine Hours Mours since st stantup

®e 5-D-1
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PART D —INSPECTION AND MAINTENANCE RECORDS (Continued)

11 Hours Since Last Inspection. The ime between the present Total Engine Hours reading andthe
|ast inspaction

12 Date This Inspection Selt explanalory

13 Reterences Preprnied indicates sources of instructions that should be used in conunchon
with the inspection being pertormed

e Ensure that the proper designation is entered on all sheels where the posihion ol the component

being iInspected serves 10 ‘entity n For instance. 8 separate sheet s needed lor each bearng each cylinger
head. each piston and rod. eic identity these items

- 5-D-2
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'w— Inspection and Maintenance Record
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'm inspection and Maintenance Record
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Inspection and Maintenance Record
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T Transamenca Inspection and Maintenance Record
Delaval
Comuanan: Giowe Tre Porns Grows No Shoe: Fope
CAMS and TAPPET ASSEMBLIES 345 1 T 1
Comtormer L uvipment Lo on
f ng e tooe el No Cuniome s Desgraton
Tow: Engne Mows Hours Bnce Last inece Lon L
F". Instruction Manus!, Section 6 Part € [
Remarks

L CaAm CONDITION (Number 1 cyijnder rcase end)
» » » 4 - - ™ L e 108
R . &
- - - -
20HOEHEOHESHE0HEUHEUHEOHEEHEE
1 n n . o . " L . 19:
CODE  xrinwct CrChipnen KoCracamn O=Omer (induat in ramerss)
JAPPET R Y F”“"ﬂ
s » » an se e ™ g - 108
',
- - - B - -
aaHHEEHEOHEOHEOHEOHEEHEOHEEHEE
A
w n » " - . " . . 10.

CODE  Xeinmet CoChppen K+Cratas O-Goiien O=C e (inguwste = ramerks)

[TAPPET ROLLER PIN CONDITION (As indicated vsine & dial indicater)
e

i » . Al - " » " 108
2
- - - -

- - -"I
08 EHBaHE0HE0H80HEUHEOHEEHEEE
Ll

w n »n " s . " " . 10:

g
:
.

e e e D008 A DO w38

Figure 5-D-10  Inspection and M.auntenance Hecord
Cams and Tappe! Assemblie:

oy 82 5-D-12



®

instruction Manual

5-D-13

T Tianzamencs inspection and Maintenance Record
Delaval
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Figure 5-D-11  Inspection and Maintenance Record
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T Transamenca Inspection and Maintenarce Record
Delaval
INT'::E.;: EXHAUST VALVES e "-;; ._2 I 1 3
Coraromma Eauemaen: Locsion
| e Wooe Ser i No Cumtome + Dengrat on
Tow Engoe Hows Mowrs Bece Lawt Inepec ten Dt Tha ineoeetion
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Instruction Manus! Section 6, Pert B

Cylinger No /Bank

Massure The Dimans on

Fgure ! Fgure 2 Fgure 4
Vaive To-Guwie Clearance
Measure by noting defiection on valve head while rocking valve in its guide Remove wedges rewaners
{or rotators) and springs Lay Cylinder head on i1s side with valve axis in the horizontal plane Leave a
wedge on valve stem and push vaive out until stopped by wedge hitting guide (see Figure 2)
Position 8 dial indicator as shown in Figures 1 and 2 so that spindie of Indicator 1s bearing against side
of vaive head on the A~A axis (see Figure 3) Zero the indicator, then apply sutficient pressure by
hand at a point diametrically opposite the spindle 10 move the vaive in the guide Record this deflecton

Repeat the process in the B—B axis and record all readings in the space provided below See Figure !
for vaive dentification (EX-1, IN-1, etc)

Fad\lon Ex Ex2 N IN2
A-A
8-8

Vaive Head Thickness
Measure valve head thickness (Figure 4) with 3 micrometer and record n space below

Valve Ex) Ex2 IN Y N2
Thick ness

Geners! (nspection
Inspect valve for general condition and not all abnormalities or other significant informati.on below

Foem & 200
L o

LI ™

Figure 5-D-14  Inspection and Maintenance Record
Intake and Exhaus! Valves
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Figure 5-D-15  Inspection and Mantenance Record
Fuel Imection Pump
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Tw Inspection and Maintenance Record
Delaval
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Figure 5-D-16  Inspection and Maintenance Record
Fuel injection Nozzle and Holoer
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SECTION 6
OVERHAUL AND REPAIR

PART A — GENERAL

ROTATION Ai'D CY LINDER DESIGNATION.

Crankshatt rotation snd cylinder bank designations are
melmeMhmmmpru.auni
the flywhee! (soe figure 6-A1). Ew.nw.soim .@«mummm

ma\wid\mmuohmmod.

determined while viewing the engine from the flywhee! end.
liary end, on the opposite end of the engine from

CW ROTATION
[VIEWED FROM
FLYWHEEL END)

s haioe el
GE FLYWHEEL END (REAR)

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

ASSEMBLY OF PARTS.
parts are match-marked and identitied by partor
should be returned to the same position in the same engine
is applies principally to cylinder liners, pistons, connecting rods and bearing caps.

mo,muoeiﬁod, must be re-installed correctly 10 mommwumnm'm use.

USE OF ASSEMBLY DRAWINGS.
MmmthmW&mianmeinmﬁwv
various engine COMPONents.

Note

Donﬂuiﬂwtnwﬁncnm&mhmmwm
annwdbmhw,

mmm Manua/

6A1

_ Safety clips, cotter pins and safety

and assembly of
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PART A — GENERAL (Continued)

Cleanliness is essential wmwmmdmm uommuawcndtotwdm.vn.mdmm debris
from entering any of the lubricating oil, fuel or cooling water systems as well as from the bearing surfaces of moving

parts.

TORQUING.

All torque values stated in this manual, uniess otherwise specified, are based on the use of a thread lubr icant composed
of equal parts by volume of engine lubricating oil and Dixon number two medium powdered flake graphite, of equal
They do not apply to dry threads, of 10 threads jubricated with so-called “guper Lubricants’” Dry threads can result in
torque readings as much as fifty percent in error. The following procedure should be used when 10rquing {asteners

[ Lubricate threads with a mixture of oil and graphite and assemble threads. Tighten hand tight

b Tighten all fasteners by snugging the first one, then moving 10 the one farthest removed and continue in 8
criss-cross pattern until all fasteners are snug.

(3 Unless otherwise specified, apply 20 percent of the required torgue 1o each fastener in the sequence de
scribed above, then repest procedure in increments of 40, 60, B0 and 100 percent of the prescribed torque value

d  Active nuts which are secured with cotter pins must be brought to the specified torque value betore
sttempting to align the cotter pin holes It the hole in the bolt is haltway between the slots in the nut, or beyond,
the nut should be tightened 10 make alignment_ If the hole is short of the haltway poInts, nuts on bolts larger than
one inch in diameter may umtdoﬁtom”tmtmon will align

TORQUE TABLES.

Refer to the Torque Tables, Appendix |V, Page 8.5 to find the torque value 10 be used when tightening fasteners on the
engine. The tables are divided into two parts, the first being for those fasteners for which specific torque velue has been
assigned mmeﬂwmmul torque values for use when no special torg e value is assigned Because of
their size, location and high torque requirements, main bearing cap studs are pre stressed when the stud nuts are in
stalled, rather than being 1orqued with a wrench. This is sccomplished by stretching the studs with a hydraulic 100!,
then tightening the stud nuts When the 100! is removed, the stress in the stud provides the clamping force 10 hold the
stud nut in place

6A2 IR L
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PART A — GENERAL (Continued)

ADMESIVES AND SEALANTS.

The Ashiano Oil Company produces @ series of useful adhesives and sealants under the trade name “Locktite"”
Transamerica Delaval recommends the use of these products, and in Certain instances specifies their use Most Locktite
adhesives are anaerobic, that is, they cure of set when denied oxygen They utilize oxygen 10 keep the adhesive in
liquid state while in its container, and during application. When the parts are assembled, however, oxygen s excluded
and the anaerobic resin hardens into & tough thermoset plastic. The curing mechanism, then, 1s a combination of
contact with metal and the exclusion of oxygen Copper and brass provide a very fast cure, whereas iron and stee!
provide a shightly slower rate of cure. Aluminum, cadmium and zinc platings are very slow curing Nonmetal!lic surtaces
do not initiate a cure, and a special Locktite primer must be usec The following paragraphs and tables are provided 10
assist maintenance personnel in selecting the best sealants or adhesives for a particular job. It should be noted that in
some instances a specific product i recommended for 5 specific use For additional information, It 1§ suggested that the
product manufacturer be consulted, or that inquiries be directed 1o the Transamerica Delaval Customer Service Depart
ment

8 THREADLOCKER SEALANTS ~ An anaerobic adhesive used 1 prevent 3 fastener from loosening, corro
sion and leakage Although not essential, the use of 8 primer will clean off oil, and accelarate curing

1 Apply 1o thread engagement area, filling the thread root Assernbie parts
2 For blind holes, put @ few drops into the hold and onto tne fastener  Assemble parts

3 For already assembied parts, clean fastener of nut perting line. Apply Locktite 200 at the interface
area and allow the capiilary action 10 carry the adhesive into the threads

a Thrmdiocker sealants act a¢ /quid lock washers

CAUTION

Do not use Locktite on any fastener for which 8 specific torque value s assigned. and which
utilizes @ lubricant consisting of @ 50-50 mixture of powdered graphite and lubricating ol

122
Nuts Dolts & screws Fastonens & stude Fanteners & sty Smatll screwn Prasssembied
raovwn. up to 1 de over V' g No B A below tastenarns  mead
redium st ength ) (high strengmh) (high ytrenrth) (low strength 1o high srength )l
00% 007 00 008 008
1000 800 8800 1000 2
8028 160/228 100148 40/20 60200
1800 2800 3800 900 1800
48 tu 300 4% 10 300 4% 1o 300 4% 10 300 45 10 400
(88 10 149 (88 1o 148 IELETRLL ] 88 10 YAW) (88 10 204)
20 min/8 20 min/W he 30 min/@ he 20 min/8 ne 10 min n Wt
8 min/2 e Smin/% Y e 10 min/2 W s min/ 2 W Nt Meg. red
T (sptionsl) T (eptiane!) T loptions!) T (sprione! | None

Tebie 6.A-1 Threadiocker Adhesives
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PART A — GENERAL (Continued)

b, THREAD SEALANTS -

1 Wipe threads with 8 clean cloth to remove any contamination

2 Apply sealant behing lead
a thread turn, Assemble parts Fittings will

3 For pipes greater than two-inch diameter,

4 For leaking castings, isolate

.} Pipe Sealant with
used anywhere teflon tape 1s used

Tetion (PST) seals moderate pressures instantly, and is superior 10 lape It can be

ing thread, avoiding filling the first thread.
seal at any angle without heavy wrenching

leak area, heat to drive out oils, then

Used 10 stop leeks in threaded pines and fittings.

6A4

Apply 10 only three-quarters of

spply seslant to both male and female thread surfaces.

apply Locktite 290

Pipe Sealant Hydrauile Swiniew
LOCKTITE PAODUCT Wi Tetion Sesiant Siee ST %0
Application General purpose Flulg power system Swiniess stee & Porowty leakage
(Sealing) hesad seeiing connex tions monel thresded pipe (pinhole leass)
& fitnings
Gaeo tHiling
ebility Inches 020 00t 020 008
Vmcosity
(eF) Maar 200 000 400 400 000 2
Temperatu e 45 10 400 @8 1o 300 48 10 800 45 10 300
range. OF (9C) (885 w0 204) (88 w0 148) (-85 o 200) (88 10 149)
Cure soeeds carbon sree!
without primer FT L a8 min/3 M 30 min/d he 10 min/Y 2N
fimturetull i nieas ST
Lt DL
Cure spends
with primer 18 min/8 he Not Required - vteel Not Required
fimrure/tull min/2 W
Hecommended
.,"‘”. NE None N (Optione!) None

< GASKETING (Anaerobic) — For sealing ¢
contamination from flange surfaces, spply continuous
or 10 cure through larger gaps, both tlange surtaces should be pr
assemble parts with minimal interface movement Torgue fasteners t

betore pressurizing

~Teble 6.A 2 Thresd Seslents

langes For gaps over 0010
bead to one surface |f primer is

imed Allow one 10 two minutes for pr

nch primer should be used Clean
applied 10 speed the curing rate.
imer 1o dry, then
o metal-to-metal firmness Allow sealant 10 cure

Gass o Gass e
€ inetor £ 1iminator
LT 0o
Geners High
Durpose Tempersture
010/ 080 010/ 020
a..l w 700 000 o
000 1.200 000
2000/ 1900 1380/2000
4% 10 300 4% 10 400
(88 w 1A% (88 10 204)
‘ LA L P L
18 min/2 he 30 min/& n
fintvreitull
Mo o menden
orimer N (Qprione!) N (Qetione!)

00/ -

1 000 o
3/000.000
1300/1380
48 1o 200
(88 o 148
30 min/ 13 W

Not Reaued

None

18 min/d e

Master Game et
Prmer

Gesner

€1 iminetor
11—
Sesiing or coating
conver Lone!

s any

010/ 080
g.ﬂn
000
2000 1 900
48 10 300
(88 w0 149
Al LU

18 /2

N (Oprionsl)

LI

L sdhes0n’
Wrructurel s

010/ 020
000 o
7000

/8000

a8 10 300
(88 10 149
12 ne/RA

LA A

Tabie 6-A 3 Gasketing Materia/
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PART A — GENERAL (Continued)
d RE TAINING COMPOUNDS (Anaerobic) — Used to improve cylindrical part assembly

1. Clean both surfaces with Locktite Safety Solvent, of equivalent

)
2 | faster cure is required, or if surfaces are inactive, app'y Locquic Primer T 10 both surfaces Allow
) Primer T 1o visibly dry (two to five minutes) before applying retaining compound.
: 3 Apply retaining compound t0 poth surfaces |f Primer T has been used. parts must be joined within
. four minutes after retaining compound 1s appled
) TITE® X Ac/e0) AC/e80 RC/820
Application
(Retaining or Mounting Genersl High High
Cylinarical Parts) Purpose strength WWTMPe RtUTe
) Gep fHling
\ sbility, inches 00% 018 018
Vmcosty
(e®) meen 100 2000 7000
. Shesr strength pw
sl alum 3000600 4000/600 3000600
Temparature #% o0 300 45 o 300 45 10 450
range OF (9C) (-85 1o 148) (85 10 148) 188 10 232)
Cure speeas (steel)
'. without primer 10 min/1 8 ne 30 min/48 hr 30 min/B 10 N
timture/tull
. Cure spseds (sieel |
with prirer 6 min/30 min 8 min/48 h s min/B 10N
timrure/full
| Racommaended
primer T (options!) T (optional) T toptions!)
) Table 6-A-4 Retaining Compounds

¢ SUPERFLEX SILICONE ADMESIVE SEALANT ~ Forms 8 cured silicone rubber for use \n gasketng,
sealing. bonding and caulking Clean surface with Methy! Ethyl Ketone (MEK) or Locktite Safety Solvert 755 Apply
Supertiex 10 one surface and assemble parts

Gep Fiiling Tempe sturs
Abitity, Range Viscosity Srength Cure Speec
inghes (21 Meac e Lenaie [
2%0 48 10 400 Paste 400 30 min/28 hr
7 10 204

Table 6. A 5. Superflex Silicone Adhesive Sealant

f PRIMERS - Locquic Primers (more accurately, Activetors) are curing agents for Locklite anaerobic adhe
sives and sealants

1 Locquic Primer N assures fixture of parts within 16 to 30 minutes, and full fixture in 12 hours or less

2 Locauic Prumer T assures fixture of parts within & minutes, and fuli fixture in six hours of less

.

Locquic Primer NF assures fixture of parts within 15.30 seconds, and full cure in four hours of less

6A5
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PART A — GENERAL (Continued)

SAFETY PRECAUTIONS.

Personne! performing maintenance, overhaul and repair work on the engine and its associated equipment must be
aware of the hezards involved in this type of work, and observe al! safety precautions. In addition to those precautions
listed in Section 4 for engine operation, the following are some of the areas in which safety practices are indicated

3 Observe all specific Warnings listed in this manual for the operation being performed

b 11, in the course of maintenance work, it becomes necessary to crank or operate the engine, those precau:

tions listed in Section 4 should be observed

- When handling heavy weights, all weight handling equipment must be inspected before use

d E xercise extreme care 10 insure that the weight of all parts being handled 1s under complete control at all

umes

e Under no Circumstances should any person extend any part of his body under any suspended heavy part

1 When handling hiquid nitrogen, of other super cold liquid, wear suitable gloves to protect the hands Gloves

should be of 8 type approved for protection against extremely low temperatures

[+ Crankshaft should be plocked to prevent inadvertant movement when working in the crankcase

h Do not exceed maximum allowable hydraulic pressure on hydrostatically operated tools and equipment

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

line

) £ xercise good housekeeping practices to provide good footing on platforme ladders and other areas around

the engine and associated equipment

K Under no Cifcumstances should ary interiock, safety switch, or other safety device be bypassed. blocked

of otherwise rendered nactive



, ~Instruction Manual e 6-A-7

COMPONENT WEIGHTS.

The component weights hsted below are approximate, and are intended 10 assist in handiing and assembly
operations Suitable weight handling equipment of sufficient weight lifing capacity mus! always be used
when handling heavy and unwieldy parts and assemblies

Item Approximate Weight (1bs)
CYNNGOT MOBE ..ocvnsorrsssnnssnnssnsissanssnsunsrnrsnresssiertess 1100
Piston and fings (I8SS PIN)  «..ovurvranurrnssssnsrsrrrrrssrssainsiits 600
PIION BN ovsveooassvesss snseonsitasesnapsase sressnrettnared ues 120
BABEION 100 .. ovovrsssasrsbasssossaesbransmantersstsnarssssnenstats 624
LIk 100 B DOK ..coorsssnrssnnssesnssnaasnsssoranssrssnsusesses 700
CyINGRr BT . ...ovovsrssnsnsesrsnsasssusnsnsnresssrnurssssssis? 600
Cylinder NOAT SUD-COVEI ... .uvnsssrrssasssnsssssssnssrurnssenstnss 365
Cylinger NOBS COVEN ... ..ocvsrnrussrannnsnsnssssssssnrsrssnsrsesss 30
Camshaht (1088 COMS) RV-12 ...oovivuiernnrmnunernnnnersnrrsnnennes 675
RV-I8 ..ovvcovssnsnsssnsnsasssnsnsssvsnsrasess 750
COME (BVETBPR) «..ovrevrssnassrsssrsrsranssssnesntassrensanuass 20
Main DE8ring CEPS: FIONL ....coverrcrrrnunnarsrrarnrrnrnserssnsnss 370
IMOIMEAIBIE ... covvvrvsrrnrsrssnsrrersssnnnnsnss 200
FrOM FOBI ..covsserssssnssssansssrsnsansnssssnass 300
ROBI TOBI . ..ovvossersrssnsrnsnasssssessnnsnness 300

-~ 6-A-7
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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 he ad:
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 is at top dead center to prevent
the valves from falling into the cylinder. To remove 8 cylinder head from the engine, proceed as follows

The cylinder head

o Drain jacket water from engine
b Remove cylinder head cover
c Remaove aif jumpers

d Disconnect exhaust and intake sir mani

folds

. Disconnect fuel injection lines and nozzie
drain fittings

f Remove rocker assemblies and push rods.

Remove hydraulic vaive lifters if engine 1s 50 equipped

9 Remove fuel injection nozzies and holder

sssemblies
h Remove cylinder head sub-cover

| Attach lifting fixture to the fuel injection
studs as shown in Figure 681 Atiach an overhead
hoist to the lifting ring of the fixture

) Remove cylinder heed stud nuts andd
washers

Figure 6 8 1. Cyhinder Mead Lifting Fixture

k Lift head from block If head sticks it may be necessary to take a strain on the hoist and break the head
loose by striking the sides with 8 bebbitt or lead hammer

INSPECTION

Clean inside of combustion chamber Bar engine over until piston is at bottom dead center and clean and \nspe
portion of cylinder bore Clean gasket surfaces of engine block and cylinder head Remove intake and exhaust valve
Reface and reseat s Necessary, following the procedures outlined in subsequent paragraphs

TP
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PART B — CYLINDER HEADS AND VALVES {Continued)

VALVES.

Intake and exhaust valves on diesel engines are interchangeable When replacing valves that have been removed for
grinding and seating, however, they should be returned 1o the same relative jocation as that from which they were
removed.

VALVE SPRING REPLACEMENT (Cylinder Hesd Not Removed ).

Valve springs may be replaced without removing e
cylinder head from the block Remove rocker arm assem-
blies and fuel njector, then bar engine Over until the
piston of the cylinder being worked on is at top dead
center This 1s important as the valves can fall into the
combustion chamber if piston not at top center Attach ADAPTER RETAINER
a valve spring compressor 100!, part number 00-590-6155
{see figure 6-8-2) to the cylinder head by positioning the
100! support over the fuel injector studs Place a washer
on each stud, then thread a spacer-nut on each stud to
hold tool in place Shde the adapter-retainer over the
valve spring retainer (figure 68-3), then swing bracket 10
POSItION COMpressing Screw over adapter-retainer Turn
screw in until all slack is removed, check proper engage:
ment of the adapter-retainer 10 the valve spring retainer,
then continue 10 turn screw in, compressing the valve
spring When spring 18 compressed sutficiently 10 permit
removal of the two wedges (figure 6-8 3), lift valve by 11s

sing screw and swing pracket arm clear Remove valve
spring retainer and valve springs. Tool can then be used
10 remove other valve springs on that cylinder head Note
that when tool 1§ mounted on injector studs, all four

Wt TOOL 18 S CURED W TS PORI T ION
valves are accessible without removing cylinder head sub BOTH INTAKE AND £ KWAUST VALVES AR

ACCESSOLE W THOUT WEMOV NG CYLINDER
cover An alternate method is 1o mount the tool on the WEAD ¥ Y COVER
starting air valve studs, however, only the imake valve Figure 682 Valve Spring Compressor Too!

springs can be removed with 100! in this position Insta!
fation is the reverse of removal

VALVE REMOVAL FROM CYLINDER HEAD. s VALVE STEM

With cylinder head removed from engine, install valve M ol
spring removal 100ls as shown above, and remove valve
springs Remove vaives by pushing out of guides on the
combustion chamber side of the head | Y

g

-

L:®

VALVE RN

Figure 683 Valve Spring Retainer
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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 sests and impressed on the metal This condition has no effect on
operation uniess 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 ! done on
# lathe with & cutting tool, be sure to use very fine feed and & sharp tool for the final cut. If a grinding whee! is used
the wheel should be dressed for exact trueness before the final grinding cut is taken. Remove just enough material to
eliminate pits and to make the seat run exactly true with the stem if the valve guide is worn, 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 o 45 degree
hand vumcr Face just enough for trueness and removal of pits. Limit width of valve seat to 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 reinstalled in the heads. Remove, clean and
inspect valve guides as necessary. It is not practical to messure exhaust valve-inguide clearances directly. Therefore,
wear is determined by measuring the diametar of the exhaust valve guide bore st two points, one at 8 point one-half inch
from the top of the bore and the other two inches from the bottom of the bors. Refer to Appendix |11 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
er other foreign matter

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

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

c Lubricate cylinder head studs and nut
threads with & 50-50 mixture o graphite and lu
bricating oil. Assemble washers and nuts on studs
and run down on the threads

d Tighten nuts in incremerts, and in 8
criss-cross pattern, following the sequence shown
in figure 6B4 Torque to the specified torque
volue. Thir procedure wall pull the hesd down
evenly

Figure 6-84 Tighrening Sequence For
Cylinder Meed Stud Nuts
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PART B -~ CYLINDER HEADS AND VALVES (Continued)

HYDRAULIC VALVE LIFTERS.

It the engine 15 equipped with hydraulic valve lifters, the litters are installed in both the exhaust and intake valve
rocker arms, between the sdjusting screw and the swivel pad. Pressure oil from the engine lubricating o1l system is
supplied to the lifters by means of drilled passages in the
rocker arms. When the cam follower rollers are on the base
circle (off the lobes) the plunger in the valve lifter assembly
is extended by a combination of internal oil pressure and
plunger spring force. As the valve is lifted from its seat by
the rocker arm. the valve lifter plunger is forced into its
barrel, increasing the spring force and slightly increasing
the internal oil pressure. This causes the lifter check valve
10 close and trap the oil in the pressure chamber When the
cam follower rolier returns 1o the base circle, force on the
valve lifter plunger is reduced. internal ol pressure and
spring force extend the plunger, the check valve comes oft
its seat and oil flows into the pressure chamber 1o replace
mmumtmnmtpawvwm.md

VALVE LIFTER MAINTENANCE

The valve gear should require little maintenance under
normal operating conditions Since hydraulic lifters com
pensate for small amounts of wear in the valve mechanism,
it is not necessary to make valve adjustments as often as

1 ADAST NG CREw

2 At N would be necessary with solid valve lifters. It noise should
L PASSAGE
2 Socxtn anw develop in the valves it s usually due to one of the follow
& wYORALLC LIETEN
A BARRLL ing reasons.
L™
§ st .
- " '} insutficient oil supply to lifters
& vl PAD
Figure 685 HWydraulic Vaive Lifter b Air or ait bubbles in the lifter mechanism
¢ Incorrect adjustment screw setting

d.  Dirtin the lifter mechanism
. Lacquer o varnish deposits in the valve |ifter mechanism due 1o the lubricating o1l conditions

It is r.ot necessary 1O remove the lifters from the rocker arm sssamblies to perform a routine adjustment. When such an
adjustment is 10 be made, omit the following two paragraphs and proceed directly 0 the paragraph on adjustment

1 4
! LIFTER REMOVAL AND DISASSEMBLY.
9, i it is necessary 10 remove the lifters from the rocker arms for ‘nspaction end/or cleaning, o when installing new
T umm.nmymmmum
.
‘ . Mmmmm“ﬂiwnimmﬂmhommwmsm-dmmmammm
pickup 100l
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PART B — CYLINDER HEADS AND VALVES (Continued)

b.  Insert a soft wire in one of the plunger fill holes then slide the plunger out of the bariel, taking care not to
let the ball check valve and the valve retainer drop. Remove the spring from the barrel cavity and wash all items in
kerosene. Use lacquer thinner to remove lacquer and varnish deposits caused by lubricating oil conditions. Do not use
grinding compound or 8 hard tool to clean the barrel or plunger as this may scratch the surfaces which are built to
close tolerances Wipe all parts with a clean lint free rag

¢ The condition of the unit may be best determined by performing a leakdown test. Specifications for a new
unit require that, with the unit completely assembled and filled with kerosene, the plunger should trave! 0 125 inch in
one and one-half 10 three seconds when subjected 10 a 50 pound load Plungers are not interchangeable in the barrel as
the units are factory assembled for a specific leakdown rate

ASSEMBLY AND INSTALLATION OF LIFTERS.

Assemble lifters in the reverse order of disassembly Insure that all parts are clean, free of dirt or other foreign matter,
and do not stick or bind Fill and purge the assembled unit then install in the engine as follows

Kl Mold the check valve off its seat by inserting a soft wire about 3/8 inch into one of the fill holes, then
submerge the unit in clean SAE 10 or SAE 20 grade oil Pu.h in and release the plunger repeatediy until air is no longer
expelied from the assembly This will purge the unit of air and fill it with oil

b Remove the wire from the fill hole and remove the assembly from the oil. The plunger should extend 1/8
inch from the barrel and should not compress when pushed in by hand

c With the rocker arms completely asembled and instalied on the cylinder except for the hydraulic valve
litter assemblies ano adjusting screws (the swivel pad assembly is held in the rocker arm by a roll pin), fill the cavity of
the swivel pad with clean o1l

d Insert the valve lifter into the swivel pad cavity. The rocker arm must be kept in a near horizontal position
after the lifter has beer inseried to keep the lifter submerged in oil Install ‘he adjusting screw and locknuts

ADJUSTMENT.

After the lifters have been instalied, or if & periodic adjustment is 1o be made, bar the engine over 10 position the
cylinder being worked on at top dead center on the compression stroke and adjust lifters by one of the following
methods The first method (Method “A”) involves advancing the adjusting screw until it just comacts the lifter, but
does not compress it, then advancing the screw one additional turn The alternate method (Method “87) s to com
pletely collapse the lifter, then back off one full turn from the point where the valve just seats Either method, "
properly done, will accomplish the same thing It must be kept in mind, however, that cold oil will increase the time
required for the lifter to leak down to complete collapse when using the latter method

a METHOD "A"

(1)  Hold the rocker assemblies tight against the pushrods to remove all play, then advance adjusting
screw by hand until the end of the screw just contacts the lifter under it, taking up all the slack in the valve operating
gear Make sure the swivel pad rests sauarely on the vailve stem. Due 10 variations in threads, the feel of turning the
adjusting screw s not mmmﬂwm.mmmmmummm;nmul slack hat been removed there
fore, the feel for taking up the slack has 10 be on the pushrod or cross (intermediate) rod and the swivel pad on the
adjusting screw. Lift sach swivel pad by hand to make sure that all clearance is removed between the swivel pad and
the valve stem
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PART B — CYLINDER HEADS AND VALVES (Continued)

(2) Turn the adjusting screw one full turn (0.070 inch) with a wrench and tighten the ‘= knul This will
mnumummumam1RMuw.

b. METHOD “B".

(1)  Advance adjusting screw with a wrench until the valve begins to lift off its seat, then advance adjusting
screw at least two sdditional turns.

(2) Wait spproximately ten seconds (longer it oil is cold) then back off on adjusting screw unt! valve
seats. The point st which the valve seats may be easily felt by the reduced torque required 10 turn the screw

(3) Note the position of the wrench at the point where the valve just seats, then advance screw at least
one-half turn.

(4) Back out adjusting screw until valve just seats. If the position of the wrench is the same as (3) above,
the lifter is tully collapsed. If not, repeat procedure until the position of the wrench is the same each time the valve
eats.

(5) Back out adjusting screw one full turn from position where valve seated then tighten locknut

¢ Swivel pads should now be free 10 be rotated by hand. if they cannot be rotated, the adjusting screw has
edﬁmdmlmunmmd its 1/8 inch travel and the valve has been lifted off its seat

d. wmmmmmummuumuvmmmmdmwnmm It the swivel
pad can be rocked it means that the lifter is either fully extended and not at the mid point of its travel, or that it has
not been completely purged of ai This may be due to an improper adjustment caused by burrs of dirt on the adjusting
screw threads, or because of incomplete purging of air from the assembly.
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PART C — PISTONS AND RODS

GENERAL.

The design features of the Enterpriseg Model RV engine makes i1 possible 10 remove the pistons and the attached
rods by pulling them stranght out through the cylinder liners. Normal procedure is 10 remove the link rod and piston
first, then the master rod and its piston. It 18 possible, however 10 remove either rod without having to remove the
other, including 118 cylinder head The procedure for removing the master rod without first removing the link rod is
slightly different than if the link rod were removed. Connecting rod bearings May be removed without removing either
rod and piston, and without having 10 remove either cylinger head

WARNING

The procedures in the following paragraphs invoive the handling of heavy and unwieldy parts n
a confined space All weight handling equipment must be inspected before use, and extreme
care must be exercised 10 insure that the weight of the paris peing handied is under complete
control at all times. Under no circumstances should any person to extend any part of his body

under any suspended part

mﬂ—__.:— '@’w--“
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Figure 6C-1. Connecting Rod and Besrings

PARTS LISTS.

Refer towwowlmdrmumlmm the Parts Manual 100 ou.tmmwmsmodmth-suﬂohm
manua!

A 340 Group Parts List, Connecting Rods
b 341 Group Parts List, Pistons
(3 315 Group Perts List, Cylinder Block and Liners

d vamthb\.so-:U Tools

6C
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PART C — PISTONS AND RODS (Continued)

SPECIAL TOOLS.

The following special to0ts, listed in the 500 Group Parts List in the Parts Manue/ sre required 1o perform the operations
outlined in this part of the manual

Piston Pulling Fixture, Part No. 00-590-01-OW
Piston Ring Guide, Part No. 18661

Piston Holder Spacer Rings, Part No 00-590-01-8BM
Chain Puller Bracket, Part No 16103

Connecting Rod Saddle, Part No 00-500-01-08
Saddle Plate, Part No 00-590-01-07

Master Rod Bar Assembly, Assembly No. 1A.3036
Chain Puller, Part No. 15484

Chain Assembly Part No 16097

Locking Ring Assembly, Assembly No. 1A-1846
Liner O«ing Instaliation Ring, Part No 02580-01-AE

w——3O =8 QADOCS

. o
¢ A~ "
- b\ PISTON HOLDER | ¥ /
v .  SPACER RINGS -y
\\’ 2 \ .
\\ A \ e -~ /
” (é/
1
~
/
JALEING SCREW /
CHAIN PULLER \ 'l v /

BRACKET
CMAIN PULLER P /
/' ! ; |l JACKING SCREw

CONNEC T ING ROD
SADOLE § PLATE

USE TwO CHAINS

Figure 6C2 Beawing Replacemet Tool Arrengement

REPLACING CONNECTING ROD BEARINGS (S«s Figues 6C.2).

Connecting rod bearing shells May pe removed for inspectiun ang/of replacement without hauing (O remove the DIS1ONS
and rods from the engine. Special 100ls. positioned as showr in figure 6-C 2. are needed 10 accomplish the |00 Remove
engine side JOOTs aDjacent 10 the bearing 10 be pulled Positon crank shaft with crank at the twelve o Clock postion and
plock crankshat 1o orevent further movement. Proceed as follows

] Loosen four connecting rod bolts and 100 10:00% BOI shightly, but G0 NOt reMOove

4] Install connecting rod saodie e glate on master rod nde of engine Adjust |8k NG SCTEw of 100! 1@ posLion
ddie snug against Master 10d 10 hold rog 10 place against of ankpin

6C2
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PART C — PISTONS AND RODS (Continued)

c Attach chain puller bracket 10 side of crankcase, then sttach chain puller Attach chains 10 each end of link
PiIn with capscrews, connect other end of chains 1o chan puller and take up slack with chain pulier as necessary 10 hold
the link rod firmly aganst the crankpin.

d  Place 8 piston holder spacer ring in the lower end of sach cylinder liner, then install two jack ing assemblies
in each cylinder liner and bolt in place 10 retain the spacer 1iNgs

¢ Adjust lock ing ring assembly jacking screws untii spacer ning 1 snug against skirt of piston, holding it in
place in the Liner

f Remove connecting rod bolts and rod-10-box bolts to free connecting rod box from master rod Slack ot
chain puller 10 allow box 10 swing clear of bearing shell Adjust locking ning assembly jack ing screw as necessary 10
prevent binding

[} Back of on connecting rod sddle jacking screw until master rod s clear of crankpin
h Support lower bearing shell py hand . remove lockng clips. then remove both bearing shells

| inspect. Clean and replace bearing shells betore working On any other bearings Only one st at @ tme should
be removed

) Install bearing shells and lock 1n place with chips

. Use connecting 100 saddle jacking screw 10 position master rod firmly Eganst beaing shell Locking ring
sssembly and jack ing screws may be used 10 adjus! vertica! position of rod 11 may be necestyy 10 rotate the bearng
shelis shightly 10 help with dowe! engagement

| Tn'\nﬂ chan puller and 'u-ﬁ connecting rod Dox N0 engagement with crankpin and et gted jont of
master rod

m  install connecting rad boits and 10rque 10 the value specitied n Appendix IV

n Remove all 100ls and blocking from engine

PISTON PULLING

CHAlN PULLER
SRACKLT

CuAIN PULLER TS

COMMECT ING ROD
SADDLE & AT

VML TWO Al -

Figue6CJ mwwmm.umm
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PART C — PISTONS AND RODS (Continued)

PISTON PULLING
FixTURE

SASKET MATERIAL

CONNECT ING ROD
SADOLE & PLATE

Figre6C4 Lifting Piston and Link Rod From Cylinder Liner

LINK ROD AND PISTON REMOVAL

With the cylinder hasds removed and the engine wide Joors removed  Dar engine Over until Master rog peton 4 8t 1op
dead center then block crankshalt 10 prevent further movement Refer 10 fgure 6C 3 for instatiation of the specal
1008 that are reaured for piston and rad removel

" Attach piston pulling fixture 10 orown of hink tod pwton

b Place & prece 0f onehalt inch plywood vertically on inner side of outer cylinder hasd studs 10 preven!
piston from coming (Mo contact with studs

3 Suspend & One 10N Capacity chantell from plant crene hook end attach hook 10 wde ifung how of pulting
fixture

d Mmmwﬁvbmm“:mﬂmmmrdmoOuﬂm

v install connecting (od saddie od plate 10 master rod wde of rankcase Adiust to hold rod shug aga Nyt
cankshalt
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PART C — PISTONS AND RODS (Continued)

FIXTURE

CHAIN PULLER
BRACKET

CHAIN PULLER

cowE" TINe ROD
SADDLE & PLATE

USE TWO CHAINS

Figure 6C-5. Tooh instalied For Piston and Master Rod Removel

f Attach a chain to each end of link pin with capscrews and connect other ends to chain puller and take up
slack in chan

g Remove connecting rod bolys and rod-10-box bolts (see figure 6-C 1) then slack off on chain puller, allowing
jink rod box 10 swing clear of crankpn

h Use chain puller as necesssry 10 position connecting rod while clearing box from crankshatt  Adjust until
hnk rod i in line with the axis of the cylinger hiner

i Coat walls of cylinder liner with clean lubricating oil. then place @ piece of 3/32:inch compr essed gaske!
material between link *od box and liner wall 10 prevent box from scoring liner wall Coat side of gasket material which
contacts liner wall with clean iubricating oil

) Carefully hoist piston and rod out of liner with one ton chainfall, taking care not 10 allow piston to bind
in liner (see figure 6-C4)

k. Whan bottom end ol connecting rod box is clear of liner, Move Piston and rod clear of engine and lower 10
fioor of @ suitable stand
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PART C - PISTONS AND RODS (Continued)

WMMIWMM. (Link Rod Removed ).
Attach special 100ls 8s shown mmubnaowmmmmm puller to hold master r0d in place against the
crankshaft

') Loosen connecting rod saddle assembly then slack off on chain puller until master rod swings clear of
crankshaft and is in line with the cylinder liner bore. It may be necessary 10 adjust the position of the piston and rod
with the chainfall.

b Rotate crankshaft approximately 30° past top center, awey from master rod 1o permit rod to clear crank-
shaft journa!

¢  Pull piston and rod in the ssme manner as piston and link rod were pulied (see figure 6C6)

PISTON PULLING
FinTuRE

PLYROOD

GASKET MATERIAL

Figure 6C6 L ifting Master Rod and Piston From Cylinder Liner

PISTON AND MASTER ROD REMOVAL (Link Rod Not Removed)

The master rod and piston may be removed from the engine without having to remove the link rod, connecting rod box
Npmon,ovmw!mmdontmcm rod side

“ Position crankshaft with the crankpin for piston 10 be removed &t #pproximately 30° past 1op center
Block flywheel 10 prevent further movement of the crankshalt.

b Remove cylinder head on the master vocudn.mmbmomouwlu

¢ Install tools and handling equipment as shown in figure 6:C-2 except that & piston holder spacer ring need
not be instalied on the master rod wde Attach a piston pulling fixture 10 the master rod piston and attach hook of

overhead C1ane
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PART C — PISTONS AND RODS (Continued)

d. Separate connecting rod box from master M.NMWmdmanmummvodbon s
vdld.ro'moﬁnvmnumfdrdimmuwmdmwlmtm.AMMoompu-dpm
mmdovbthtmwumtowmmlbml

e Remove chain puller, chain and puller bracket from master rod side of engine and install on link rod side
Connect chain 10 master rodumminfwo-c-bmutowm&

§  Back off on connecting rod saddle jacking screw and remove 100!, Slack off on chain puller and litt piston
and rod out through cylinder liner
REMOVAL OF PISTON FROM ROD.

Suspend piston and attached rod with the piston down from the overhead hoist. Lower until the weight of the assembly

is resting lightly on the piston crown. Remove piston pin retainer rings from grooves on ends of piston pin then slide
pin out of piston. Litt rod assembly clear of piston

REMOVAL OF A SEIZED STUD.

When it is evident that a bolt has seized in the connecting rod box, do not attempt 1o force it. The tollc .wing procedure
is recommended for the removal of a seized connecting rod bolt

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

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

¢. Form ashield of » suitable fireproo! material around master rod 10 catch molten metal and slag, and to
prevent it from falling into the engine base

d Cut off head of seized bolt with an oxy-acetylene cutting torch Exercise great care not 10 damage the
master rod with the cutting flame

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

f install a connecting rod sddle and plate 1o hold master rod firmiy against crankshatt journal Install tools
and fixtures necessary 10 remove link rod and piston. See figure 6-C-3

g  Remove remaining bolts and caretully disengage link rod and connecting rod box from master rod Carefully

guide headless bolt stud through its hole in the master rod. Allow the link and box to rest against the lower edge of the
cylinder lines

h Place a shallow pan of water beneath the stub of the seized bolt 1o catch the molten metal and slag when
mnubuocmoﬂ.tmmmnwoﬁwo-bmwvmtwhwmm.admw-mvoebo-

| Cn.nﬂm"ommnwmmummemwvhmmmmmmwml
manner Remove the connecting rod box from the link rod

) Set WNMNIwMOMMI drill and drill out the remainder of the seized bolt Exercise
ovotomuNMmMWnm“nmw.thmwonhonmmwmomdbou

k Try a mmmmmmouuomanthmmmn run free in the tapped hole

| Resssermble the link rod and connecting rod box and place the piston end connecting rod assembly in the
engine in the normal manner Use new lock ing devices when assernbling the link rod 1o the link pin
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PART C — PISTONS AND RODS (Continued)

INSPECTING CONNECTING ROD BEARINGS.

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

a Visually inspect all surtaces of bearing shells for scratches, nicks, burrs, endence of heat and excessive wear

Measure with a ball micrometer
. ot ol points marked “X". Avoid 1. =i
crush reliet ares ot end of shell.

Figure 6C-7 Measuring Bearing Shell Thickness

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

c Perform 8 non-gestructive dye check on all surfaces of both shells

d Based upon the results of the above INSPeCTIONS, make a determination as 10 whether the bearing shells are
scceptable for further service
CHECKING PISTON PIN CLEARANCES.

An ideal time 10 Mmeasure PISIon pin 10 bushing clearance s when the piston and rod are disassernbled Take and record
the following Mmeasurements

[ Measure inside diameter of piston pin bushing with 8 micrometer  Measure in the vertical (A-A) and the
hor izontal (8-8) planes, 90° apart (see Figure 6.C8) Massure both ends (flywhesl and gaarcase), two inches from end
of bushing

b Meaasure DIStON pin outside diameter in two loaations, two inches in from each end, in the vertical (A-A) and
horizontal (B8-8) planes in sach location

c Compare ditferences in measurements Consult Appendix 111 for the specitied clearance himits
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PART C — PISTONS AND RODS (Continued)

INSPECTING CONNECTING ROD.

moowdummw.nmmdmmm
rod, the piston pin bushing and the piston Remove all
carbon and vernish deposits from piston and accessible
areas of ring grooves. |f itis deemed necessary 10 remove
piston rings for cleaning of replacement , or if it is neces-
sary 10 disassemble the pision itselt, refer 10 the appro-
priate paragraphs that follow

SIS SSSIIS IS IS

3

3

Figure 6-C8. Measuriig Piston Pin In Bushing Clesrances

N L bbbl

CHECKING PISTON RING SIDE CLEARANCES.

Measure pIston ring side clearances in the groove with a feeler gauge In three positions, 120 degrees apar! (see Figure
6.C9) Record measurements and consult Appendix |11 for permissible clearances

e — ‘——-—_q

ﬂm‘.m?

Side Clearance

Location for wking

iz

Figure 6C-9 Piston Ring Side Cloarance

PISTON RING REPLACEMENT.

Piston rings may be removed from power cylinder pistons for cleaning, inspection and end gap clearance measurement,
provided care 15 exercised in the removal and handiing of rings The decision s 10 whethe: 10 reuse the piston rings, of
10 install new rings must be based on an evaluation of the condition of the rings, and the prospect of their giving ade
quate performance for an scceptable length of time A piston ring expander 100) Must be used when piston rings are
removed from a piston The practice of using strips of leather, pieces of beiting of other mesns 10 grasp the ends of the
piston rings 1o remove them by hand is discouraged  The use of such makeshift 100ls will usually distort the rings and

;’ make them unfit for further use A K.D Manufecturing Company 100!, No 892 has been found 10 be an excellent 1ing

expanding tool Starting with the top ring, expand the ring and slide it up and off the piston i the rings are 10 be re

‘ used, they should be dent fied and tagged as 10 the piston and groove so that they will be returned 10 the same relative
position
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PART C — PISTONS AND RODS (Continued)

CLEANING PISTON RINGS.

Hardened steel scrapers. stoel wire brushes of power wire butfers must not be used 10 clean piston rings Rings can best
be cleaned by immersing them in a commercial cleaning agent such as Turco, W.Odinarmy.mn
Cleaner 45, or equal Follow the manufacturer's directions for the cleaning agent selected

CHECKING PISTON RING GAP CLEARANCES.

Gap (end or butt) clesrance of the piston rings s measured with the ring in the liner Used rings must be measured in
the liner from which they were removed, and if new rings are 10 be used, their end clearance must be measured when
installed n the liner in which they will be used The rings must be square with the surface of the bore Position ring
one of two posItioNs N the liner, the preferred position being six inches from the bottom of the liner, the alternate
position being three inches from the top of the liner Ensure that ring s the same distance from the top o bottom of
the liner all around 10 make sure it 1S square in the liner Measure gap between ends of ring with a feeler gauge and
record the measurement for the engine records Appendix (1), Table of Clearances hists clearances when new, and the
replacement Claarances in the case of used rings, it 1 suggested that 1t 1s economically unwise 10 attempt 10 reuse piston
rings with and clesrance exceeding 0155 inch for chrome taced compression rings, 0 150 inch for taper faced compres
sion rings, and 0.110 for o1l control rings

INSPECTING PISTON.

inspect piston for wear and other abnormal conditions such as scutfing, scratches, etc Pistons can be cleaned by
immersing them in 0N of the commercial cleaning solutions listed for cleaning piston rings Measure skir! outside
diameter of piston at two |0CALONS, four inches below bottom fing groove and tour inches above bottom of skirt Take
four measurements (A-A, 88, CCand DD, F1g 6-C-10) at each location Measure piston pin bore inside dameler at
either end in two directions, perpendicular 10 one another (A-A and CC, or 88 DD

Figure 6C 10 Piston Measurements

DISASSEMBLING PISTON (Ses Figure sc 1),
1 it is determined 10 be Necessary 10 disassernbie the piston orown from the skirt for further INSpECTIOn, or replacement
proceed #s follows

s Imspect connecting rod bewring shells for evidence of scratches, nicks, burrs, excessive heat and wear Clear
ance tables should be consulted for the required beari g shell wall thickness

b inspect pistons 1or weer of sbnormal conditions Remove all carbon and varnish deposits from pistons and

sccessible arens 0f the 1ing grooves Unless they are 10 be replaced, 40 NOt remove PISION 1Ngs from grooves |1 neces
sary, disassenble pistons as follows

6C10
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PART C — PISTONS AND RODS (Continued)

Figure 6C-11. Piston Arsembly
(1) Bend \c strap tabs clesr of hex nuts, remove roll pins from tie studs and remove hex NHuts
(2)  Remowe ok Straps, spring collars, belleville srings and thrust washers from tie studs
(3)  Separate crown from skirnt and remove O« ings

(4)  Clean parts thoroughly I crown 18 10 be replaced, remove four tie studs and split washers in 1ie
stud holes in crown

ASSEMBLING PISTON.
Assemble the piston as follows

“ Massure depth of crown stud holes Mensure from raised inner 1ing towards the center o the crown not
trom the 0.007" deep relieved are Must be within tolerances (A, Fig 6C 1Y)

b lmwlomwmmmmmdmﬂw tie stud holes Use Enterprise part No GA-002 001
mcon-'u.o.om"oo.ons" thick) Do not substitute

¢ Measure length of tie stud from lock washer end 10 canterline of groovpin note (B, Fig 6C11) Acceptable
e studs must be within tolerances

ecn
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PART C — PISTONS AND RODE (Continued)

d  Install tie studs in crown with groov-pin hole up. Use Locktite ' Threadiocker 242" on threads, and torque
studs to 100 f1-ibs.

e.  Take a micrometar measurement of crown and skirt pilots (C, D, Fig. 6.C-11). Must be within tolerances 10
muno'unmb'vwitmwtoo-vm'.

§ Measure skirt spot face depth (€, Fig. 6C-11). Should be within stated tolerances.

9 install O-rings on skirt. Do not twist rings during instaliation. Use no adhesive, grease or solvent on rings
Mineral 0il may be used 10 aase entry of O-rings INto crown

h Assemble crown 1o skirt Observe that there 1S 8 dowe! pin in the crown which must enter the dowe! hole in
the skirt Check O-rings for proper positioning

i Clean sach Belleville spring and the spring collars by dipping them in solvent then thoroughly drying Dip all
springs and collars into @ 5050 mixture of graphite and engine oil, making sure washer faces are completely wetted

) |nstall thrust washer on each tie stud, then install exactly 13 Belleville springs on each stud, concave side
towards skirt install 13 more Belleville springs on studs, concave side towards Crown

k Install spring collars on each tie stud, then instal! two |ok-straps as shown in Figure 6:C-11.

| Apply Locktite “Thresdiocker 222" 10 stud threads, and assemble hex Nuts to studs and tighten finger
ught. Do not lubricate threads

m  Align each washer stack with fingers so outer edge of washer stack is even. Torque each nut to 115 frib,
then back off three-quarter turn.

n Retorque eech nut 10 106 f-ibs and check alignment of tie stud groov-pins holes with nut slots Increase
1orque as necessary 10 8lign groov-pin holes with closest nut slot. Do not exceed 116 f1-lbs

o Check for proper assembly Groov-pin hole in stud should be ever with, or & maximum of 1/16" above
base of nut S0t If within this tolerance, clean groov-pin hole and install groov-pin, using Locktite “Threadlocker 222"
1f not within tolerance, check assembly of parts for proper size and o "ot number of springs

P Bend ok -sirap tabs up securely against side of nuts

INSTALLING PISTON RINGS (See Figure 6-C9).

Use the piston ring expander 100! when replacing piston rings on the piston It the rings are baing reused, insure that
sach r'ng 1§ returned 10 it original position Rings are marked either “UP" or “TOP M" on theit upper sides Rotate
rings in grooves so that gaps are staggered around circumterence of piston Teke care not 10 spread 1ings excessively
while instatling them on piston Measure and record piston fing side clearance in groove Take measurements in three
positions (A B.C) for esch 1ing

nmmmonmm
uum'm«.mnoﬂo'wmotmwmmmmmvd

. i ¢ orbor press s available, press the bushing from the rod, otherwise, caretully 8011t the bushing with &
hacksaw and drive it out of the rod Remove all burrs and clean the connecting rod

6C12
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PART C — PISTONS AND RODS (Continued)

b mmmmmmwmmm-.muuuompn

c¢.  Fill the container with liquid nitrogen. Nitrogen level should be spproximately one inch from the top of
the bushing to allow for handling

d  Lay connecting rod on its side on a suitable support. Both ends of the piston pin bushing bore should be
sccessible.

WARNING
Wear suitable gloves when handling bushing 1o avoid Injury 10 the hands Gloves should be of 2
type approved for protection against extreme low temperatures

e When the nitrogen stops boiling, remove the bushing from the container and insert in the bore, taking care
to align the oil holes with the oil passages in the connecting rod. Insure that the bushing protrudes the same distance
on both ends The operation must be done quickly before the bushing expands due 1o hest pickup

REPLACEMENT OF LINK PIN BUSHING.
11 the link bushing requires replacement, proceed as follows

‘ A Remove the bushing lock pin, split the bushing with @ hacksaw 1o relieve stress, then drive bushing out of
connecting rod box

b Clean the connecting rod box, removing all burrs and rough surfaces
(3 Puambuhm.lnawcmmuoww-obuctuoumm

d Fill container with liquid nitrogen Nitrogen level should be approximately one inch from the top of the
bushing 10 sllow for handiing

. Lay the connecting rod box On its side on 8 suitable support. Three pieces of 1%-inch rough stock, laid
parallel on a pirece of metal plate, will provide adequate support for the box and act as & stop for the bushing so that it
will be flush with the side of the box when 11 1§ inserted

WARNING

Wesr suitable gloves when handiing bushing to avoid injury 1o the hands Gloves should be of &
type approved for protection #gainst extreme low temperatures

! When the nitrogen s1ops boiling, remove the bushing from the container

[} insert the bushing in the connecting rod box, taking care 10 line up the bushing cutouts with the internal
surfsce contour of the box lmMMﬁ“MMMmdemmmmdmbo: This must be
. done quickly before the bushing expands dus 1o hest pickup
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PART C — PISTONS AND RODS (Continued)

ASSEMBLY OF PISTONS TO RODS.
Assemble pistons, rods and connecting rod box as follows. Make sure pistons and rods are reassembled n the same

relative position as they occupied betore disassembly
[ Insert link rod pin in connecting rod box bore and position link rod on link pin

b Apply 8 lubricant consisting of a 50-50 mixture of powdered graphite and lubricating oil to the threads
of the link-rod-to-pin bolts. Torque bolts to specified torque and secure with lockwire

¢ Place piston upside down, resting on its crown. Lift connecting rod with rod turning plate then lower
end of connecting rod into piston, aligning piston pin hole in rod with that of piston.

d. Coat piston pin with molybdenum disulphide priof 1o assembling in bushing. Use a rag or sof1 bristie brush
Molybdenum disulphide s available from Transamerica Delaval under Part No B8-6009-9

CAUTION

Do not permit molybdenum disulphide, or any mixture of it 1o come into contact with any
threaded fasteners. The presence of molybdenum disulphide will allow specified torques 10
overstress the fasteners. All torque values are based on the use of 8 50-50 mixture of powdered

graphite and lubricating oil

e Insert piston pin through piston and rod Clean piston groove and the outside end of the piston pin retainer
rings and insert retainer rings into piston grooves at either end of piston pin. Apply “Locktite” 10 ends of retainer rings

to prevent rings from rotating in the grooves

Figure 6.C.12. Liner Sealing Rings

6C 14
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PART C — PISTONS AND RODS (Continued)

INSPECTING CYLINDER LINERS.

The water contact type cylinder liners fit into the cylinder block Three sealing rings in grooves at the lower end of the
liner prevent waler from entering the crankcase. The silicone seal goes into the lower ssaling ring groove. 111 recom-
nm!mmhwumdbdmwmofnnmnr in the engine In the case of new pistOn rNgs,
they should be instalied only in new liners, of in liners that have been deglazed. The glazed surfaces of & cylinder liner
which has been in service will not seat new piston rings Quickly of correctly. Rings which are not correctly seated will
sllow blowby of combustion gesses, and cause excessive Usage of lubricating oil. Severe biowby can destroy the oil him
on the liner surface and cause ing scutfing and possibly even piston seizure. Chrome faced cOMpression rngs will not
conform 1o cylinder liners which are out of round by more than 0.003 inch per inch of bore diameter (0 061 inch for
Model R & RV Engines) Taper faced compression rings and conformable oil control rings will not conform to liners
which are out of round by more than 0,001 inch per inch of bore diameter (0,017 inch for Mode! R/RV engines) No
piston rings will seal in liners which have grooves, ridges, of low spots on the surface of the liner bore Carbon deposits
from the top of the liner above the piston ring travel area should have been removed prior 10 pulling the pistons. Wash
inside of liner with solvent and let dry Visually inspect liner and note any of the conditions illustrated by Figure 6:C-13

LINER DEGLAZING PROCEDURE.

The Sunnen Mode!l AN-816 portable hone with double length stone holders, and Sunnen WA7.J19 or WA7 J47 stones
in the stone holders has been found to be etfective for deglazing. The cutting ability of the stones can be improved by
cutting angular slots across the face of the stones. A hacksaw Gan be used 10 cut the siots. The siots allow the honing
fluid to more easily wash the cuttings from the stones. The honing fluid can be kerosene, solvent Of SOaDY water
Patented honing oils are available, but are expensive and do NOt appear 1o do any better job than the fiuids mentioned
Diesel oIl makes 8 very poor honing fluid

o Maintain a firm pressure between the stones and the surface of the liner bore 1o Mmake sure the stones are
cutting

b Maintain @ steady flow of honing fiuid 10 the stones 10 wash away the cuttings and to prevent stone glazing
Arrange 8 sheet metal trough under the bottom of the cylinder liner 10 Garry off the fiuid and cuttings Do not allow the
cutting laden fluid 1o How over the crankshatt and into the main besrings. Lay & seres of clean wiping rags between the
crankshaft webs and the main bearing caps 10 prevent wiashed fluid from entering the main bearings Exercise care
when removing the rags that cuttings do not fall into the main bear ings

¢ Drive the hone with a powerful, slow turning electric air drill motor  The suface speed of the hone stones
must be in the range of 26:50 rom hone speed, and Maintain @ stroking rate of spproximately 30 complete cycles per
minute

d Afrer the first minute of honing, remove the hone from the liner and wash the bore surface and dry it
Inspect the surface carefully 10 determine if there are any low SpOtS If low spots are found, measure the bore caretully
with inside micrometer 1o determine if liner will be useable, or if it must be replaced

. Continue honing until all surface glaze 18 removed A properly deglazed liner will have & umiform satin gray
sppesrance with 8 good crosshatch pattern. The lines of the crosshatch pattern should intersect at an angle of spprox
imately 90 degrees

Each set of Sunnen stones has an instruction pamphiet which descr (bes the honing procedure
This 1s an excellent publication

! When honing is finished, wash the liner bore well with 8 stitf scrub brush and hot soap and wate Household
jaundry detergant in hot water can be used After washing, the surface must be dried completely, and oiled with engine
Iubricating o1l 10 prevent rust Use an 8ir 8t 10 blow out the lubricator tubes of other liner Iubrication 1it1ings 10 remove
hone gr it which may have entered these 1111 ngs during honing

6C 156
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PART C — PISTONS AND RODS (Continued)

I it is determined 10 be NeCESSAry 10 remove the cylinder liner from the block, first disconnect the lubricating oil lines
st the bottom of the liner, including the elbow. install 8 Cylinder Liner Pulling Fixture, Part NO 00500010V to the
Momdnlw,mdnwomnmmw the lifting pad on the 100!, Pull liner straight out of the block It may
uwnum«mnwc jack 10 break the liner free of the cylinder block

INSTALLING CYLINDER LINER.

instaliation of the liner is the reverse of removal with certain additional requirements Use new sealing rings and coat
them with a liauid dishwashing s08p, Of & lire installing lubricant before mounting in liner grooves. The bottom soal 18
silicone and should be handied carefully 1o prevent tearing or micking 11 is essential that the liners be replaced n the
original pasitions in the block, £nd that the scribe marks on top of the liner be aligned with the merks on the block. A
100!, Part No. 0250001 -AE facilitates the installation of the liner in the block A split ring device. it fits into the top
pore of the block, and allows the liner with sealing rings instatied to be lowered \n10 the upper bore block After the
rings have passed through the upper block bore, remove the rings then continue 10 lower liner until seated in block
Remove liner pulling fixture

PISTON PULLING ;
FinTuRE - PIsTON RiING
) Guint

LIS o

SASRET MATERIAL

Figure 6C 14 Piston end Rod Instalistion

nusumoommma noD.
mmmmw-nmmwdnwmwammm i the link rod wes not

- M"nmmmmnuomwmmmnnmmﬂdmmmmurdmnmmﬂm
H tvmmuunurnmmww
. a Lubricate walls of cylinder jinar with clean 'ubricating o/

b 0mmumuupmmmdmm liner

6C16
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PART C ~ PISTONS AND RODS (Continued)

c Mon-dmmm.nmndmmw'.ﬂm,
d WMMwmmwnvﬂ'mVﬂ"n' 100 center, sway from master rod wad

o Install 8 piston pulling fixture on the PIsON crown Pick up piston and rod with overhead hoist and position
over cylinder liner

{ Lubricate one side of & piece of 3/32-inch compressed gasket material with clesn lubricating o/ Wrap
Mwndwumumuunwamwu

'] Lower rod into cylinder liner (see figure 6-C-14) Hold piston rings in place a8 they enter the pistan ring
Quide lwormnnwﬁvuﬁ“mmwnom‘n

B Continue 10 lowsr piston until connecting rod bofe I8 Opposte crankpin Remove gask et materal

[ Attach chain puller bracket chain puller, chains and master rod bar, then rotate crankshalt towards rod
By adjusting rod and crenkshaft positions bring master rod Into engagement with crankpin Make sure dowe! seats n
dowel hole Rotation of basring My be Necessary

) Instal! connecting rod seddie and plate on master rod de of crankcase (see figure 6.C 51 Adjust 10 hold ~=

master rod LGh! agRINSt Crankpin

=3

Do not rowte crankshatt until link rod has been sssembied and bolted to master rod Block
crankshatt to prevent further movement

INSTALLING PISTON AND LINK ROD.

uu\memmlmmmwmmpmﬂwmcmm'nua-uncmvh!mmwooc e )
hink fﬂ“mmmmtm.mmmmmvowwmloww""mhﬂmmmmn/
not apply The foliowing procedure, however & spplicable in 8l cases

B Attach chain puller bracket 10 master rod nde of crank e Attach chaing in sme way 85 wias done for
mestar 10d removel (e figure 6.C.3) Draw connecting 1od box IN1o engagement with crankpin and manter rod Be sure
serrated j0ints ot properly engaged (n the case whers the link 10d 1§ retained by the piston holder spacer 1ing adjus!
ment of the jBcket sCrews and spRce! fing Miy be Necesss’ v 10 achieve the necewary slignment of parts

COTTRA PiN

Figure 6C 18 Thtening Sequence For Connecting Rod Boits And Nuty

scV?

e
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'AITC-W“MDMW

b Momdmm“uﬂdnwnnw“dnmmrummm
rod 1o-box bolty A—mm.mnum 1wl m-mmm-mmmmmod
the washer  Tighten uwwmntm?‘u.w‘n X mmmﬂmnmmm

¢ mdmu.m.nmnmmmmwommmmm

mmmmamm

MM!MMh“me.mwnum " or der nmopﬁﬂ.‘.ﬂnmmn
I 1GBUING O CuntumMption rete mmmnmmwummu

" mdtmnmmmmmm’n‘

b mmnmnmunw“mmuwummcm Direct connected
nnum"ncmhmwmmwmmomtmdnm During the run inapect
rocker BIME. veives, pushrods. fuel inection Pmps. mmw.wmmmm lines, and Onp return
Mnnmwnw.mvwv.ﬂﬂmnnmmn

¢ mmnwm-nw vy ldnm-unm.-m--umnnmm.
m‘n.wwnmnummnnmdmm Do Aot overiook the aress

! mwmnmmlu’m‘mwmm
o incranss (0ad 10 50 parcant and run for two Rours

] swmnﬂnmﬂmbmm

| munamnmwuw

) Wunvwmnmw'—om

n w—nnuunmmumwndmmnmtm-wmﬂ
munwnmnmunm

Note R
anmmommmnmuummmu it on
nmn“m,vumnmmmumumnm
vnmmuﬁn
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Fgure 8017 Crantwhatt Thruat Rings

Figure 6.0 1 Mo Bearing Cae

BEARING CAP REMOVAL

Main Bearing caps are prestrened by meam of @
mu.ww-nnnu The
wel consists of 8§ PreatTene ssembly (Part Ne
1A 1801, and adapter (Part No 00 500 01 0K and
» spacer (Part No 00 858001 0J)

s Remove lubricating oi Hithings, tempers
mmmnmnmmmm

" Attach adapters 10 pre sirene: anemblies
ﬂm.wmmdv‘-dwvm
sie stud ruts

. wmmmumnn
mwmwudnm,nam
oM aok g serewa ane quarter ineh

@ Asambie & pre sireue h“dﬂﬂm"mw‘.mm”nmmm

ﬂ”“‘““”m‘

- mwmmmnm.ﬂmmnmuowmnwm
Prarngriing unit Mummu“-ﬂﬂn“ﬁmmmmmnw

8 omall e e muumm.wnu
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PART D ~ CRANKSHAFT AND BEARINGS (Continued)

wuds have — -

mmwpmnmuam -_—.

o 7 e ema—
A
" wMoumM‘ y B
following & Orise-orom patternn Remove ol stud .
mnnmmunncunm a
—
BEARING SHELL REPLACEMENT Figure 607 Pre Stresser Amembly

" nmvnmnmnw.mnmuﬁuMmmnu'mmmm”c
annumnmuﬂﬂmmnwmmou Instal! & bearing shell removel too!
(Part No erﬂimNcﬂMwwwMMMmon.u&Mwﬂmtwn-um
wnnnm Mmmnrﬂnnmmvmnnmﬁ'wdnww To
mnvnmm.mnnvm-unmmwnummwmmm rings Reverw

BEARING CAP INSTALLATION

Iratal! umnnmmnmcmdwﬂ Tuommnwmumﬁh The bea ing
QM-OM'W

. WM‘_MMMDM.M“mMWM“NMWW
pottom and wide wells ”nnwdmmnn-mommnmm.uwwmvm
wwumw

" memm“mmdwﬁQMﬂme‘MMt't Place
mmnomumumm Uummnmmanncvcm
top o eylinder Back oM jacking srews 1/4 ineh

. wnmmuvamMﬁW'ﬁmwoﬂmwwN
unity
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PART D ~ CRANKSHAFT AND BEARINGS (Continued)
d et micror wter hesd \nto the hole in the micrometer bar, making sure that it is fully seated Tighten
wﬂhﬂnnﬂdm:wmﬂmm.

. Amwnwummwmw

L} Aun micron eter windle against the micrometer pin until the pin 18 snug against the end of the bearing
-M.mnnndwmmm.

g Loown ki sled knob and remove micrometer hasd from the micrometer bar. Insure that jacking serews

wmmouuwbnudﬂmwommmm‘,
CAUTION

Failure 1o back off on micrometer spindle will result in damage 10 the micromete

ng brass drift pin through spacer opening 10

Note

Nw.nnmnmoymwoqd
uw“mWQMm

parts and to minimize the ettect of dint

\ Apply 10,800 pv pressure and hold YOw»muommmam pn (about 80 f11b)

Do not exceed MIMM'MCQ 11,800 psi

oﬂmﬂtmmnﬂmnmmw Aun spindie snug against
.Wmummwmmnvm Thunmumﬂnnnuem

stretched. Stud should streteh 0.056" 0,081 Repest oparstion it strateh s not within specified rangs

3 Remove pre streser sssamblies and repest operstion on next pai of disgonally opposite studs

ani
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PART D - CRANKSHAFT AND BEARINGS (Continued)

CRANKSHAFT ALIGNMENT AND THRUST CLEARANCE.

1t must be emphasized that excessive orank shaft deflection can lesd 10 #n yltimate catastrophic failure of the arankshaft.
This is costly h.ﬁhﬂmm‘m.hbMMMdetﬂﬂwﬂwumu measured
immediately after grouting of chocking of the unit, the day before initial start up, after the first seven days of continuous
operation, and #t six month intervals thereatter. Refer 10 Transamerica Delaval Engine and Compressor Divison Form
D 1063 (see figure 80D4) tor an outline of these procedures. Note that space s provided for recording both deflection
and thrust clearsnce reading. Copies of this form may be obtained from Transamerica Delaval.

CHECKING THRUST CLEARANCE.

Experience has shown that the feeler gauge method of measur ing thrust clearance does not siways produce satistactory
results. The dial indicator method is recoinmended 1o produce the desired sccuracy of resdings A Starrett No. 196,
or similar, type dial indicator with magnetic base and extension rod long enough 10 allow the indicator to be mounted
between the engine and flywher! with the spindle bearing on the flywheel Check thrust clearances s follows

s Surt suxiliery (B&A) lubricating 01l pUmp. Bar angine over at least one-hall revolution 10 establish an ol
film between the main bear ings and their journals. This should permit sasy movement of the crankshatt

b Mount disl indicator on rear of engine frame, between frame and fiywhee! Spindle of indicator must bear
on flywhee! to messure horizontal movement of the crankshatt.

c The arankshatt mhmolbmdmmmthohaimlmm-m.wv bar such as a heavy, spade
type. tempered stel digging bar, spproximately six feet long. Make sure bar is clean enough for use inside the engine
insert har between rear erank web and nearest frame member inside erankcase. Do not insert bat deeply enough 10
damage either the main bearing shell or the arankshatt journal.

4 Pry cankshatt forwerd, Lowar ds the gearcase end a8 for as it will go. |f the crankshatt is all the way forward,
it should be impossible 1o insert 8 000186 inch feeler gauge petween the orankshatt resr thrust collar and the resr thrust
ring Zero the didl indicator, sllowinrg for et jesst 0.060 inch movement towards the minus direction

Note
It erankshaft cannot .mﬂntmmm of s uwmumuwoummw slone
may be necessary 10 b mmmummu«mmmmmn the same time exerting
om.uww.mmcﬂmmﬁmw"mn.

- Reposition pry bar 10 move arankshaft 1o the rear, towards the flywhee! end Pry crankshatt 1o the resr
o far o it will go & mwmmuumm |o.ﬂ1h~h0m"mﬂmb~udumlwm
theust collar and the forward thrust ring.

1 Obsarve dial indicator. The number of thousandths (minus) indicated on the dial is the erankshaft thrust
clearance Record reading in the OPIOPriate pace ON Form D 1063, and compere with previous thrust clearance

m'mnmm.umwmﬁmnummmmmo
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PART D -~ CRANKSHAFT AND BEARINGS (Continued)

CRANKSHAFT WEB DEFLECT ION.

The importence of crankshatt web deflection messurements is such that the care and sttention to detail required 10
obtain and record these measuraments cannot be overamphasized, Placement of the dial indicator is vital if accurate
readings e 1o be obtened Form D-1063 (see figure 6:D4) llustrates the five positions of the crankshaft st which web
deflections are 10 be measured, and the starting position of the crankshatt for esch crank web Care must be exercised
1o insure that the dial indicator is positioned in the center of the wab, exactly opposite the center of the crankpin, and
one-fourth inch from the edge of the crankweb. Take deflections as follows

. nomwmmmnopmmthUmhm

b.  Bar engine over in direction of normal rotation with barring device until number one crank is 652 degrees
after vertical bottom center

e Insert dial indicator between web for number one crank Double check that crankshaft is properly positioned
It not in correct position, it s possible that the connecting rod will knock the dial indicator out of the web as the
engine is barred over 10 the next position. Insure the two besring points of the indicator are in & line exactly parallel
to the canterline of the arankshatt It indicator is not parallel, erroneous readings will be obtained Zero the indicator

d. With the dial indicator in place and not disturbed, bar the engine over, SOPPING at each position (23,4 & 5)
#s indicated on form D 1063 Record reading at sach position in mils (plus of Minus) in the sppropriste space for each
position.

o Repeat entire procedure for sach arankshatt web and record readings on Form D 1063

1 Compare il readings with each other and with previous measurements. Evaluate results, based on the
standards set forth in the following paragraph, and determine need for corrective action

DEFLECTION STANDARDS.

It the deflection in any crank of an engine in service exceeds 3 mils (0003 inch/0.0762 mm), corrective action 1§
indicated. 11 the deflection in any web axceeds 8 mils (0.006 inch/0.1624 mm), the engine should be taken out of
servics until the fault is corrected. Corrective action s slso necessary of the total defiaction in any pair of sdjscent
aranks exceeds 3 mils. For example i the deflection in one crank »mmmo-.oumwwm in an sdjacent
Msommﬂh.MWWionuw mh.manmmmmnmmn

CORRECTIVE ACTION.

The nature of the corrective action needed 10 deal with excessive or ankshatt deflections will vary, depending upon the
specitic cause of the defect. The cause may be worn main bearings, improper foundation polt torque, the foundation
feelf, or the grouting, wwdmmw- driven squipment, of o combination of elements For instance,
excessive deflection st positions two, three o four in the crank web adjscent 10 the external shatting on engines having
s solidly coupled connecting shatt usually indicates misalignment petween the connecting shafting and the engine
aankshaft In some cases replocement of main besrings Mmay correct the problem, and often the problem iy correctable
by reslignment of the engine. 1t one portion of the engine base is found 1o be lower than other parts, it may be neces.
sy to jack the bese with jacking screws and shim the low srea. It rust be emphasized that engine alignment is &
Iy by experienced and qualified personnel who are
‘ capable of correctly interpreting the web detiection pattern, and of taking the appropr ate Measures 10 correct defects

It is recommended that the Transamerics Delaval Engine and Compressor Division Customer Service Depariment be
| consuited prior 10 undertaking any corrective messures iInvolving 8 suspected of contirmed orank case slignment problem

|
|
|
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PART D ~ CRANKSHAFT

AND BEARINGS (Continued)

60

CRANKSHAFT WEB DEFLECTION AND

nmdudnn
"nm»“
detiection o k. posit No

Position No. | for mum-a"n.w ALL INLINE ENGINES
WV HVA B GVE ENGINES
AV ENGINES

ENGINE MODEL =

wme
i wolidly fiywhee!
:nm.n(ﬂ\ﬂmmvmmcﬂomn-
therma!

clearance should be
atter grovting o
thereatier  Deflection
hours after the unit

SERIAL NO.

by the disl indicato’
chocking the unit. the day betore
and thrus! ‘.lllll!l'tl!
has been shut down Record

nommmm the deved

on

ank adjacent to the Hiywhes!

aken Al dﬂmﬂﬂmndw

e
o +2 milyin a0y orank with

enception 10 the shove

w°

2

8 -2 mily in the nest
will be angines that
These engines may have n excen of 3 muls detlection o
mq-m-nw in angines with wohdly MW:QM--‘ encassive detiecton »t povtiom

Nmmm»nmm

humnumawm !ﬂwahwmnm-vdn-Mw-w
18°

AFTER BOTTOM CENTER
AFTER VERTICAL OTTOM CENTER

AFTER VERTICAL

sOTTOM CENTER

DATE

THAUST
CLEAR

SIGNATUR

Figure 604 Crankshaft Alignment Record, Form D 1063
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PART E ~ CAMS, CAMSHAFTS AND BEARINGS

ound camshaft, using hydraulic expansion of the

GENERAL.
and are pressure lubricated Cams

The induction hardened steel cams are shei
cam bore to position them on the camshalt. Camshaft bearings are aluminum alloy
m-mmﬂmnmp« should be

. Wmnmmh

b Disconnect lubricating oil line from bearing cap

c Remove Jearing cap, lock

then roll lower bearing shell out of its saddie

rings and upper bearing shell,
permissible weal Limits.

d IMMomOuumd“um lo'uuw-mm

. lmwmmnnmdmol

CAM REPLACEMENT
ng the cam
tollowing

Cams are postioned on
into position on the shaft !
procedure 1§ recommended

camshatt, placed there during

o Mm'm«dwﬂmmwmohmnummwm
manutacture Circumterential marks locate the cams longitudinally on the camshalt, ano longitudinal marks loca.®
m.mcwmmmmw Cams have & radial scribe mark on the side of mmwmwm'ummd

nm.nmmdmum

sulically expanding the cam bore and sha

MMMMWOmmivM
'mmmmmmom.m

nmmmmu

the camshatt sssembly. indicating the location of the cams and the distance etwee

b Make & sketeh of
cams are scribed

sach mmnmmwm

wnmnmmv-um-mmm.
Mu“mﬁ&mﬂmdmm

clean workbench Make sure all burrs, dents

L
oft. Irraguiarities will prevent ramoval of

and other irreguiarities are

the cams
pressure

Obtain & hydrauhic pump unit, such & 8 “Porto Power', complete with & hose and fittings. and 8
20,000 pvig

"mmu.mmma
slide thrust collary off camshaft

the tapered end of camshatt Apply sppronimately 16,000
towards the drive end

d
Mw'oman

. Remove camshalt geer
10 approximately 2000 pyig and

ring Rane presure

aulic unit 1o the first thrust
thrust 1ng

mﬂmonmm

t Connect hydraulic unit 1o first cam nearest
mmt-mmmammmum-num»mmvcom

of the shaft
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PART € ~ CAMS, CAMSHAFTS AND BEARINGS (Continued)

WARNING

mmm.-uvmmtonﬂMMMqu-ncmmﬁonocdnou
Nm.kmmﬂ“mmuommmv for them 1o shoot off the
ghatt with considerable velocity Annummummmmwm 10 keep the cams
from shooting off the camshatt

'y Remaove all cams in order

h Wash and dry the camshatt and the replacement cams Check that scribe marks are cledn, sharp and clearly
visible Lay cams out on & clean surface in the correct wauence and orientation for installation Refer 1o the sketch
“Mom“muﬂunmmumv‘vmm

i MNmMﬂlhOMthmmﬂdNm'muounumnumcm
ramp o far s 1t will go

} Attach the hydraulic unit 1o the cam and start raining the pressure A vigorous ettort will be required to
move the cam up the starting remp 1o the straight part of the shaft. Approximately 16,000 pug pressure will be
required

k MMmumwnﬂm0m\mNM Nnnmupdnnmwomwr'ncucwmww
scribe mark and align the radisl {long tudinel) mmMnNMmmﬂmhoﬂmem Retease the hydraubie
mmdmmmuwm«vdw

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

6k 2
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PART E — CAMS, CAMSHAFTS AND BEARINGS (Continued)

Mpﬂn“hn”.ﬁnw“n ndw.wmmumnu
m.ﬂnmwhwub“.MDm-mh“udwm " e
uumumunmm.-n“uw.mumw
mnumwnwnmvdmﬂm.wmwam
Nnnmnmo“nwmnm.ﬂﬁmm“mdnumun

b w”mm.m”nmmMuw.mo.rW"mﬂ-
manmvnmulnnmm.ldm.

m lnm-‘mhm”

@ mmum.mmwmm,ummnan-m Set anide,
Mnu‘ommn“u,

' mnwwtm“.-\lnm”nﬂwmm&mmv

- mupnumm‘
m Mo-ulw-lmmmnu«nw"uu-mmhwmmn

@ Strmghten locking oo mmmmmﬁmmomwn
um-o”ndmmmmnunnuﬂum

n wmmumownnnma'
" w-vmwmuuom“nun»ﬂm.nﬁmvmn
L] “nmmd“m..ﬁwmmn“mw
LY mmwm.nm-mwnudm
' Remove camshatt goer ssembliey
m M-n-n-mﬁﬂm”mmm A'vmm-aﬂnnmn

nMﬂnM Nw“uﬂmmmN“omuuw 1 the initial moverment
nuwumnﬂm“wdwmuwmm To pravent thi

(LR
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PART € ~ CAMS, CAMSHAFTS AND BEARINGS (Continued)

@ Nny“ﬂmmwm.p W.uanuonmw
mnnnmummnmm-nuunwm.umm.

(k1) mmnmmmnnpwu'

") Remove camshatt gear
m mnmmnumuammm.

@ mmwmmwmru.ummmm-wwuaumm.u
”Mmoﬂmwwunﬂpu

() Uum“wwn-mmnwwmnpwnnmhmmu
erankshatt with the handiing rods umumndncmanmumdwu

INSPECTION
Mpmhmm,uw" ocmmunu.mmwum- 1o determiw
if shatt i et

K ”Mmun‘mummnm.

b am.v-amdomnuﬂ

s iowtall camehatt gear

(A} mmmnummumwm ol NomnMnnnmm&
11 8 new ey (0 the key sot

@ n.mn“MmmM.mmwwamUanmamm
" the gear owmnnmm.mnm, Twum.uﬂmw

m Mowummwwmwmﬂ“mm'wo Assemble
washer and Aut, tighten, and instell sotier pin

b il erankahatt geer
(1) Mast camenatt gowr 1o 3807 F in hot ol Do not overhest
(2) Serew two hendiing rodh imo tapped holes in geer Lift geer out of he ol with rodh and with one

Wnooth  SONtIAUGU MOtINN mmﬂnwum This must be done auekly belore the geer
c-h“nu“.vn-“

(A
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PART E ~ CAMS, CAMSHAFTS AND BEARINGS (Continued)

(k)] MNWO”MMMWMM!WMMmﬁde\

M W.u‘v“.ﬂﬁ'mmmﬁuﬁdunm-uv MNw.mdpmm-m.
the

@ LmnpunllnnMvmndwmonwwwwn Align with mateh
m.mm'umm mwmmhwmdowbdm'mwm

»n mnmwwn‘unnmummmmmn Reter 1o
unmdw.nmumwm.wwmmm-uuunwwmu
MMWW.WM,

(L) omnmmmmnm-m.mm 1.3Mmm.odmnmmu

M"m
mmnwmwwmmuwuunmuwmnmhdmwm
mmmmv 1~um"~o—‘“mwv Ny lens oA gannot be t

6Es
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PART F — FUEL SYSTEM
FUEL INJECTION EQUIPMENT.
luﬂw‘mlmmw The fue! supply tothe

— L
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MLOVITIM(W)
mmm

mwmu'oahuﬂnmn mwmmmm

mwumm Ammnp‘.mwlmwdmmmmﬁrm

mnmmmm mwnommummmwm
shoyle chatter N‘w“mm mwwwMuom.mm«.\mn
WAM.M.’.” umwrmquwmmmwmus
tohuws

» wmwmmmvwm
» WMMWMQMMMMM

¢ uumnmﬁnﬂmmmncmm Tnmdnmwvww!w
o ne 00 obr 0° B0 s *ecormended VMI"MWW"MNTOMEOD‘NO'
mmmum

] "QWN“WNW"IM“'“WMWCWWMNCWDUWM

o ambe’

. 1u»ommwmmuommm chacking 101 the followng
conditar 4

. (1) Apbly Drees -mm..mwmw MMMQWanm
propety

' @ m-mmwmmummm The valve should open 8!
M»«m!n-w’.w!M\thﬂww).mmn mm.mwonmnn
nmdmmmvomcw’m 'MMUNM Soe Figure 852

n Dry o S0ray W0 o) 18IS mnm\ﬂwdnm'm‘wmwww
o g of fue!

) hmo,mnmwnmmm

(8 Wares cwan pece o :--wmmnnm« wnmmmmmv and a
s Metncs pa e

) No onwmmﬂwmwnwum Reter 1o manulacturer §
net o LONS i 1R 1 ss0r ety Pl £ 0P Vanus

WARNING

Tre paratptng DOWe! vum.uumwmnmw
1 wcmmwﬁmmvmm To avond this dange’ the hands
PR L ot B SptayIng note



Instruction Manual

PART F — FUEL SYSTEM (Continued)

6-F-3

3 sl &
oCeee 00

o mac @ L (ComeE

AR,
e

wna
WOLIS AR ARRY

OATeR Rty

o PR o
o SO RN
W OARRNG WA
T

W eeey

Figure 6.F.2  Fuel Imeciion Nozzie Assembly
NOZZLE ADJUSTMENT (See Figure 8-F-2).

mmmnmumqum mmnm.mmmwm
seat (V0) nnmmmwm'onwn‘mmw minus O pe 80jUs! 88 follows

B ommmwmmonwm'wmmmmwwmm
Hmes 10 allow 1he needie 10 48! properly mmmuwnmmmrummmoy

talls awiy Quichly This POt 1§ 1he NOLTIE OPENNG Pressure
3 nmwnwcmumm
) Disassembie the holde

@ mmdmmnmm‘umw«nnmmwomww
» Reassemble and Check 0pening pressure i fuel Ak 81ound the assembly NHul nng.cates

poot \apped s flg examing the pans

4 Wuomwmmmmﬂwmnm

CLEANING BPRAY TI75,
Bendis siresses the

dmnmmnﬁmwm SSpeCially 0N 1he nose "

o e nmwwumnm Mﬁmmnmwmm-wwmm

mNAMPMMWNNWMHD.M#\
cleaniness

PUEL INJECTION SUMPS.

mananing this level of

mwwwndmmm vanabie outpu type Equally iImponant wih clean propetly

Mmmmm.m
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PART

F — FUEL SYSTEM (Continued)

6-F-4

DESCRIPTION OF OPERATION.

The following s @ general disC sssion of
the operation of the fuel injection
pumps

a The pumps are of the con-
stant stroke design. put the effective
stroke. or that portion of the plunger
movement N which fuel 1§ actually
delivered. 1$ governed by @ fuel meter-
ing helix n the plunger (see figure
g-F-3) On some pumps there 1S K
second helix 1o retard the point of
gelivery at low tuel setings

b To pump fuel at high pres-
sure i 1S necessary 10 pring it int0 3
pressure chamber through an iniet,
close the inlet and apply pressureé tor
injection. erminate injection pressure
and re-open the inlet 10 admit more
fuel. The fuel injection cycle is ac-

INLET PORTS

sPILL PORT

BARREL

PASSAGE

METERING
HELIX

PLUNGER

caomn/

complished Dy the location of inlet
and spill ports In the barrel 1118 funther
accomplished

by the meterng nelix and a passage in the plunger that extends from

Figure 6-F-3 Pump Plunger

and Barrel Arrangement

the end of the plunger

10 the metenng nelix on the side of the plunger This passage allows fuel inthe pressure chamber to spillinto the

inlet chamber

when the helix uncovers the spill port

WNLET PORTS CLOSED

 EFFECTIVE PUMF
v STROKE

j

FULL DELIVERY

} ROTATE CW. TO
S$TOP DELIVERY

Figure 6-F-4 Effective Stroke

6-F-4

¢ When the plunger 1S at s lowes! point
fuel enters the parrel through the inlet port. Asthe
plunger rses. 4 closes oif the ‘niet port, pressuie
starts 10 nise and e gelivery valve Opens Fue!
injechion continues unil the upper edge of the
metanng helix reaches the iowe! edge of the spil!
port Prassure's (hen release through the passage
) the piunoner 10 ‘ne spil port and Jelvery s10ps
The delvery valve Closes he effective Siroke €
the Gistance between the upnper ecge of the helix
and (ne lower ag? of the spil' port a! {he moment
the inlet port closes The rotation of the plunge:
and its helix, then, determines the duration of the
fuel injechon
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PART F — FUEL SYSTEM (Continued)

Should a fuel pump pe suspected of maltunctioning. the following checks should be made before removing the

pump from the engine for inspection and repair, untess it is known for certain that the pump % defective

a Checktoinsure that the fuel oil is beng delivered 10 the pump Wwith the fuel oil Sy’ pressurized.
loosen air bleed screw on pump. Fuel should flow freely with complete absence of air bubbies

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

¢ Iftuel oil flowis sluggish at the pump, itis a good indication that the fuel filters are clogged Check and
clean filier
d If fuel oil does not fiow, check fuel level in tank and for closed valves in lines

e Having made certain of fuel oil flow, operate engine and it pump still does not function properly. remove
and replace with spare pump

PUMP REMOVAL.
Fuel injection pumps are removed from the engine as follows
a Disconnect high pressure line fiting and remove high pressure line from pump
p Disconnect supply and return lines from fuel pump
¢ Disconnect fuel control rack from hinkage
d Remove hold down nuts and lift pump off mounting studs

|
i

i
!!l‘l
1

i
i

—
'

iij
]
}ﬁ

h

A
|

[
:
'

Figure 6-F-5 Fuel Pump

we 6-F-5
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PART F — FUEL SYSTEM (Continued)

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

The manutacturer's instructions contained in the Associated Publications Manual provide detailed instructions
for the overhaul and repair of fuel injection equipment, and should be consulted when any work is being done on
fue! injection pumps pPumps may ve disassembled as follows

a Securepumpin the inverted positionina soft jawed vise Depress the plunger follower and inser a s
inch diameter pin in the hole in the pump flange

p Remove lock ring by Pry\ng tout with @ screwdrver. Again gepress follower and remove inch pin

¢ Remove plunger follower Take lower spring seat from plunger, then carefully remove plunger from
parre! Caretully submerge plunger in spindie oil

d Remove plunger spring. then pull control sleeve using 8 specially tabricated puller. or @ pair of plars
whose |aws are wrapped with masking tape The upper spring plate will come out with the control sleeve

e Remove pump trom vise and re-secure in an upright position
{ Remove delivery valve flange and delivery valve nolder Remove and discard preformed packing

g Remove delivery valve stop and spring. then, using a delivery valve puller, carefully remove delivery
valve

n Remove barrel jocating screw then slide barrel tfrom housing

i Remove control rack locating screw and control rack. Do not remove uiming indicator of shims uniess
pump Is 10 be re-calbrated

6-F-6



¥ ~Instruction Manual 6-F-7

PART F — FUEL SYSTEM (Continued)

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

Assemble the pump @s foliows. cbserving the manufacturer's instructions in the Associated Publications
Manual

a Secure pump housing in @ vise in an upright position

p. Position control rack in housing with reeth facing center of pump install lockwasher and control rack
locating screw, making sure the screw enters the rack locating groove

c. Insertbarrelin pump housing Locating groove must be aligned with locating screw hole Install lock-
washer and locating screw

d. Invert pump and install control sleeve SO that tooth directly under timing mark meshes between 1wo
teeth indicated by timing dot on control rack

e Install upper spring plate and plunger spring then carefully star plunger into parrel It should settle in
of its own weight Turn plunger sO marked end of crossbar will gointo control sieeve siot that has a mark adjacent
toit

{ Position lower spring plate on end of plunger. Fit plunger follower into housing Compress and insert
. pin in housing flange install lock ring and remove pin

Install delivery valve assembly in pump housing Lubricate and install preformed packing and install
( delivery valve spring and delivery valve stop Assembie flange in housing

n  Install pressure SCréw and new copper gaskel install bleed screw and new gaske!

i After pumpis completely assembled. nold it horizontally with the control rack vertical The rack should
settle 10 its lower exireme Dy s OWN weight

j  tpump will not be immediately installed, fill iniet and outiat wih clean. anti-corrosive jubricating ol and
close openings with caps
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PART F — FUEL SYSTEM (Continued)

PUMP INSTALLATION AND TIMING.

e - s Refer 10 the Engine Data Sheet in the front of the
manual, and 1o page 6-A-1 for determination of
engine rotation, bank designation (V-type en-

' gines) and cylinger numbering The flywhee!l 1S

marked to locate top dead center (TDC) of each
cylinder, and 1S laid out in one degree increments
| for the twenty-five crankshaft degrees preceeding

=0 TOC (see figure 6-F-6) For |nstance, on a six
— j cylinder inline engine. there will be marks “TDC

P
.lllo“

186", “TDC 285 and “TDC 384 . each pre-
ceeded by degree marks On eght cylinder inhne

’ engines the markings will pe for cylinger pars
188, 247, 386 and 485 Markings onthe tflywhee!
aan wrar for V-type engines foliow the same pattern except
that the banks are also designated Reter 1o the
Figure 6-F-6. Flywheel Timing Marks gngine Data Sheet inthe front of the manual for the

‘ fuel injection point Install and ime fuel pumps as

follows.

{ a Before mounting pump on engine, and with the tuel tappet roller onthe base circle of the fuel cam (seé
figure 6-F-7). measure distance from the tue! pump mounting surface on the base assembly 1othetappetwitha
depth micrometer Add or remove shims from the top of the base assembly toobtaina measurement of approx-

imately 0197 inch

p Place pump on pase assembly and install nuts on studs Torque nuts as specitied in Appendix \V

c Ba angine over in the dwection of normal rotation M
until the flywheel nonted is aligned with the tuel njection point
(gegrees BTDC specified on Engine Daa Shee! Of Name-
plate) for the cylinder served Dy the fuel pump beng installed

3-.' . /‘.",‘.ﬂ’t. -

g Observe plunger follower timing mark in pump
Lming wingow It the plunger foliower wming mark does "ol
line up win the ingex mark on the Uming window, remove
puTp and ady Or remove shims petween the pump and the
pump base assembly as necessary so that the marks will ine
up Re-insialithe pump and bar engine through one complete
injection cycle to insure that marks Jo align at tnhe fuel
injection pont

Figure 6-F-7 Pump Base To Tappel
Agjustment

. CAUTION

The timing mark on the plunger follower must never go beyond the upper of
lower edge of the timing window it it does. the pump may pe severely
damaged
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PART G — ENGINE CONTROLS

OVERSPEED TRIP (See Figure 6G-1).

A Woodward Model SG overspeed trip governof is mounted on the gearcase end of the engine Al a preset engine
speed (15% above rated speed) it will initiate positive engine shutdown by tripping @ dump valve which vents the
sutomatic safety shutdown system Operation of the overspeed 1rip QOVernor is as follows.

WP ED DROOP
BRACKET
TERMINAL BHAFT

TERMINAL LEVER

N
Ol LET r
M
RELIEF VALVES o 4
— N NN N
. S PILOY VALVE
» \ | PLUMGE &
L Y PUME GEAR
\".’
ortwerd e un 80 264
‘ g -1- i
o

Figure 6G-1. Overspeed Trip Governor

a Oil enters the overspeed trip at the oil inlet, drops down In10 the cavity on the suction side of the pump
gears, then around 10 the pressure side of the pump_ If the supply of pressu.e 0/l s greater than required, the pump
builds up pressure until the relief valve plunger is pushed 10 the left against the force of the relief valve spring This
uncovers the bypass hole in the relief vaive sleeve and oil is recirculated through the pump 11 the overspeed 1rip
requires more o1l than is being recirculated, pressure will be reduced and the spring will move the relief valve 10 the
right, blocking the recirculating passage 10 maintain operating pressure Additional oil, as needed, will enter the pump
through the inlet port
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PART G — ENGINE CONTROLS (Continued)

b. The pilot valve plunger controls the movement of the power piston by directing oil to or from the area
beneath the power piston. The power piston in turn controls the position of the terminal lever, and, therefore, the
position of the terminal shaft. Two opposing forces act upon the pilot valve plunger - the speeder $pring torce tends
to push the plunger down and the centrifugal force developed by the rotat/ng tHlyweights tends 1o lift the plunger

¢.  When the engine is operating below the trip set point the speeder spring force holds the piiot valve plunger
down and connects the oil under the power piston t© drain. The reset spring, pushing the reset rod against the terminal
lever, holds the power piston down.

d. If engine speed rises above tripping speed the centrifugal force of the flyweights overcomes the speeder
spring force and lifts the pilot valve plunger. As the plunger rises, pressure oil flows to the underside of the power
piston, forcing the piston up. As the terminal lever is rotated by the upward movement of the power piston, the pin
in the speed droop bracket raises the right end of the floating lever. This decreases the downward torce of the speeder
spring and the flyweights move 10 their extreme out position. The power piston then moves 10 the top of its stroke.
ss allowed by the terminal lever, which rotates the rerminal shaft. The external lever on the terminal shaft then
actuates the trip valve

e When engine speed drops back below the reset speed the speeder 3pring pushes the pilot valve plunger
down and the ared under the power piston s again connected to the sump. The reset spring rotates the terminal lever
and pushes the power mmm.o«ummm.mwwmm-wm.

OVERSPEED TRIP ADJUSTMENT.

The speed at which the unit trips 1s determined by the position of the speed adjusting screw. Turning the screw into
she cover raises the tripping speed, and turning it out lowers tripping speed. The overspeed set point is adjusted at
the factory, and under normal condinons should not be changed in the field. | it becomes necessary to reset the trp
point, follow these steps.

a Back out servo limit adjusting screw O that it does not limit travel in the power piston.

b. Make tentative speed dro0P bracket setting at .owonimubj one-halt its trave! from minimum 0 maximuir
droop

c. Make preliminary tripping speed adjustment with speed adjusting screw
d Readjust speed droop bracket 10 obtain approximately ten peruent excess range, then readjust 11ppiNg
speed. The speed adjusting lever can be locked in place by tightening the nigh speed s10P screw against the speed

adjusting lever.

e Reset overspeed 1P at @ speed shightly pelow the desired reset speed. The servo limit adjusting screw
vammmw. Tummtomumncmwmmaundwm.

G2
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PART G — ENGINE CONTROLS (Continued)

GOVERNOR DRIVE ELEMENT REPLACEMENT.

Because of its operating environment, the Buna N flexible drive element (part no AK-007-001) in the governor drive
coupling should be changed annually The element is @ wrap around design (see Figure 6-G-2), joined by a split insert
which permits easy removal and installation

@ Remove fasteners all around on both hubs

b pull end of element at split insert and remove element

c Install new element. Use Locktite on fastener threads

d If coupling was in proper alignment betore replacement of the drive element, NO adginonal al gnment 15
necessary

3 If alignment is considered necessary, It may be ac omplished with only a straight edge

Figure 6G-2 Governor Drive Coupling

6G3
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PART G — ENGINE CONTROLS (Continued)

LOGIC BOARD TROUBLE SHOOTING.

Trouble shooting of the logic boards should be approached in @ logical manner, eliminating the obvious first The
following steps will assist in the finding of faults in the system

a.  Check that there is proper supply pressure in the system, as specified on the applicable system drawings
b. Check that all operator controls are in the currect positions for the selected mode of operation

¢,  Check the board for the proper output signals. Since the system IS designed 10 provide a predictable series
of output signals, the first place 10 start trouble shooting is to determine if the output signals that should be present are
present, and which ones should not be present when the problem occurs. Check out procedures for individua! logic
boards are shown on the drawing for that board. Also, check 10 see if the signals come on and off sharply without
gradual increases of decreases in pressure unless this is called for in the check out procedures. i1 the increase or decrease
is slow, check for leaks, pinched tubes, etc If the proper signals are present, then the malfunction may be 1n one of the
power devices

d Check for proper input signals 10 the logic board Once the determination has been made that the output
signals from the board are not on and off at the proper time, check the input signals 10 the board to make sure they are
correct. Once again, return 1o the control schematic drawings and determine which input signals are 10 be on and which
are supposed to be off when the problem occurs. Of equal importance is the order in which they go on and oft

e Once the output signal conditions have been checked and found to be incorrect, and after the input signals
have been checked and found to be correct, then and only then is the circunt board to be considered tor trouble
shooting Make sure the problem is in the circuit board before proceeding

CHECKING LOGIC ELEMENTS.

if @ logic board 1s not performing properly, the logic elements should be checked for proper installation on the board
pefore removing them. Then, f the functioning of an element is suspect, it may be removed and replaced Testing and
the repair of the elements should be in accorda e with the manufacturer’s instructions in the Assoviated Publications
Manual!

El Refer 10 the layout diagram on the appropriate assembly drawing and check element location on the
circuit board to make certain that all elements are in their proper locations

b Check for proper rotation of each element. £ lements can be rotated 1807, providing two different positions
that it can assume on the board The rotation is selected at the time the circuit i designed and must agree with the
circuit pattern layout. Each element has an 8" or @ “b" located on its 10p Cover and these letters are 10 be orented as
shown on the assembly drawing Any element that is mislocated or rotated should be changed and the circunt recheck ed

6G4



-—

e
B
>
€

————————————————

Instruction Manual R | gH

————————————

PART H - ENGINE BALANCING

The load On @ diesel engine should be evenly divided between all cylinders. It it is not, one Or more of the cylinders
will be forced to carry more than their share of the load while other cylinders loaf with a resulting Joss in operating
economy and the possibility of experiencing one of more of the following conditions.

s.  Scored pistons and liners.

b.  Excessive vibration.

c Excessive piston, valve, bear ing and crankshaft wear
d Excessive fuel consumption.

e Excessive |ubricating Oil usage

CYLINDER BALANCE.

The balance between power cylinders on Enterprise diesel engines s obtained by having all the fuel injection pumps
read the same millimeter of rack position when the governor is in @ position equivalent 10 full load. In order 10
sccomplish this it is essential that all fuel pumps be calibrated n sccordance with the fuel pump manufacturer’s
specifications. The fuel pump rack levers are sdjusted during factory test and the lever clamps are then doweled to the
fue! rack shaft

CAUTION

This setting should not be changed in the field, nor shouid shimming ever be used between
the fuel rack lever clamp and the fuel rack lever 10 change fuel rock settings for indvidua!
cylinders. Also, the female rod end which connects the fuel rack lever 10 the fuel rack should
not be adjusted. When a variation in cylinder exhaust temperatures indicates on overloaded Of
an underloaded cylinder, this condition should not be remedied by changing the individua! fuel
rack settings. Rather, the real cause of the malfunction should be determined and eorrected

FUEL INJECTION EQUIPMENT.

Clean fuel 18 essentiz! to the operation of # diesel engine Injection equipment 1§ manutactured with close working
tolerances and, therefore, dirt of other impurities in the fuel can cause pumps Of $pray nozzles to malfunction. Small
depressions 0 injector valve seats, some sO small they are not visible to the naked eye, may be caused by small particles
of dirt and will affect spray patterns in the combustion chamber. Pumps and valves must be checked and cleaned
periodically. The frequency of cleaning can best be determined from experience, however, care must be taken not to
wait too long before cleaning. Fuel pumps should deliver exact amounts of fuel according to the millimeter settings of
their fuel pump racks. If they do not, obviously the balance of the cylinders will be atfected and the problem must be
corrected. It 18 recommended that whenever a fuel pume is disassembled for any reason, it be recalibrated 0 accordance
with the manufacturer’s specifications.

ENGINE OUT OF TUNE.

Spray nozzles are usually suspect if an engine s out of tune or smoking. There are other factors which may 8l
contribute to these conditions. All of them should be considered when evaluating engine performance
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PART H - ENGINE BALANCING (Continued)
e lgnition timing.
b. Shortor long burning lag in some fuels.
¢ Cetane rating of the fuel.
d Low compression pressure due to leaking valves.
e.  Worn piston rings and/or liners.
t. A change in fuel oil.
g  Defective tuel injection pumpls).
h.  Valve or linkage maladjustment.

PREVENTIVE MAINTENANCE.

All available operating information should be used as diagnostic 1ools for determining the condition of an engine and
in planning preventive maintenance actions 1o maintain the engine in peak operating condition. Among the conditions
to be considered, peak firing pressures and cylinder exhaust temperatures are very valuable indicators ot the condition
of a cylinder. The pyrometer and ther mocouples provide individual cylinder exhaust temperature information. There
are 8 number of commercial instruments available to take peak firing pressures and cold compression pressures, and
the manufacturer of the model selected can provide detailed instructions for its use. The engine log is also an excellent
tool for use in recording engine performance and making diagnostic evaluations for preventive maintenance purposes.
Readings should be taken and recorded hourly and be supplemented with written observations of all pertinent factors.

TROUBLE SHOOTING.

When trouble shooting the engine, 8l available information should be used 10 determine the cause of a malfunction.
The trouble shooting tables in Section 7 can be of mssistance, well as the preventive maintenance curves and the

engine logs.
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PART | — STARTING AIR SYSTEM

GENERAL.

The engine s started by the timed admission of high pressure starting air 10 the power cylinders during the equivalent
of the power strokes of the rup‘ctih eylinders. The air 1$ admitted at approximately top center of the power stroke,
and admission continues until approximately the opening of the exhaust valves The pressure is then relieved, thereby
creating rotation of the engine comparable 10 the normal power stroke. As (he engine accelerates on starting air, the
heat of compression of. the combustion aif plus the starting air develops sutficient temperature 10 ignite the injected
fue! within a few revolutions and the engine then initiates normal combustion and begins 10 accelerate under its own
power without further aid of starung air

AIR SUPPLY.

There are two separate, \ndependent air supply systems, @ach consisting of a motor driven aif compressor , 3 refrigerant
drier and a storage wank Each supply '8 available 10 the engine, \ndependent of the other. The starting aif supply 18
stored at 250 psig 1757 kgicm’ ). and the full 250 psig pressure 1s available 10 the starting aif header without reduction
1o provide maximum acceleration for extremely fast and reliable starung

OPERATION.

The on-engine portion of the starting air system consists of a remotely controlled, priot operated diaphragm valve in the
air supply line, two camshaft driven starting air distributors, one for each cylindar pank, an air filter for each distrv
putor, and a pilot operated air starting valve (figure 6:1-1) 0 each cylinder head When the starting air admission valve
in the supply line 1S opened, 250 psig (1757 kglctﬂ’) starting air Is admitted ino the starting air manifold and,
therefore, 10 the starting air valves \n the cylinder heads as well as 10 the starting aif distributors individual spool
valves in the distributors (one for each cylinder of the bank serviced) are engaged by air pressure and follow the profile
of the starting cam attached to the end of the camshaft. The cam profile is such that at least one spool valve IS always
in position to emit 3 pilot signal 1o 1S respective startung valve in the cylinder, allowing starting air 10 enter the com-
pustion chamber of that cylinder, rotating the enginé As the engine rotates, the starting air cam will cause the spoo!
valves to emit timed and sequenced pilot aif signals to the starting air valves The starting process will continue until
the signa! to the starting air admission valve is terminated The starting air distributors emit a imed piot aif signal that
starts five degrees pefore top deas e ef and ends at 115 degrees after top dead center on the power stroke

3-1-1
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PART | = STARTING AIR SYSTEM (Continued)

STARTING AIR VALVE REMOVAL.

Disconnect pilot air linels) Mmen“m\z
point flanged mmmmwcﬂm head.

VALVE DOCMﬂLV (See Figure 811
mmnwmmndwwmm
and/or repair as follows.

s Lift valve cap trom housing and remove piston.

p. Remove roll pin securing hex nut then, using 8
pin spanner of other suitable device in the two holes inthe
valve head 10 hold the valve in position, remove hex nut
thMMM valve stem.

c mmmmmummd valve housing

e  Remove O-rings and valve to-head gasket.

¢ Inspect all surfeces of valve, guides, rings and
piston. Replace defective parts.

VALVE ASSEMBLY (See Figure 6111 Figure 611 Starting Air Valve
wvdmmmhnmnﬁcmv

c. ﬂmmwwwudwnm.mmn-ﬂummwutn.moo

X ﬂmmmmmmw.mﬂnwnmmmlaotmmumun §'ide
mmwnm0umm.

. WmmummmﬂlWJMMWMMOWnNan

Assemble O-nngs and valve-10-head gaske! lo the valve assembly ingen valve assembly \nio valve hole in Cylinaer nhead
Lubnicate threads of capscrew(s) with 8 50-50 mixture of lubncating oil and powdered graphie and thread Capscrew s
\mo cyhnoer head Torque capscrews 10 150 1-ips Connect piot @ir hne(s) To insure that the capscrews stay 1ght a8 the
copper gaske! squeezes MO the vouas in Ine gasxet cavily the Capscrews should be retorqued every @ght hou's of OPer ahon
until no change 1 the mgh lorque value 1§ observed To preven! capscrew latigue A 16 imponant that they maintan the
preluad
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PART | — STARTING AIR SYSTEM (Continued)

TIMING THE STARTING AIR DISTRIBUTOR.
The starting av distributors are timed at the factory when they are instalied 1t it should become necessary 10 re-time
them, the following procedure may be used

LS Bar engine over in direction of normal rotation until number one cylinder of bank beng timed s five
degrees before top dead center (BTDC) on the end of the COMPression stroke.

b Remove hex head capscrews that secure dbibutor cover 10 housing Remove cover and gasket 10 gain

c Disconnect tubing and eibow at number one cylinder port on distributor. Remove cap. 07IN§ and spoo!
from number one position Re-install spool

d Loowen capscrews in elongated holes \n distributor housing sufficiently 1o permit shight rotation of housing
assembly

. Direct & beam of bright hght into spool valve opening at top of distr jbutor housing 1o observe position of
spoo! valve for number one cylindes When valve 15 open hght should be visible through tubing porn While halding
spool ught ageinst cam, rotate housing until hght 1 just visible through tubing port. This is the correc! timing poinmt
Without mowving distributor housing, tighten capscrews in elongated holes 10 secure dutributor housing 1o engine

' Re-check timing by rotating crankshatt in dwection of normal rotation until light just pecomes visible N
tubing port The fiywhee! pointer should indicate that crankshatt is five degrees BTDC with number one cylinder on
end of its compression stroke. If it is not, repeat timing procedure

g  Remove spool from number one PosILioN N distributor housing, install spring. woo! and ¢ p. Connect
elbow end tubing 1o port on housing Install gasket, cover and hex head bolts

h It timing of the other cylinder bank s NECRISArY. insure that number one cylinder of that pank is on the
end of ity compression stroke An error (0 selecting the correct position will result in & failure of that bank 10 o ank
when a starting av sgnal s spplied 10 the engine

AIR FILTER INSPECTION.

The ait tilter in the supply line 10 the distributor should be inspected and cleaned at reguiar intelvals The frequency
of inspection and clean'ng should be determined by ope ating conditions and experience

STRAINERS.

Low poInt water collectors, Y strainers and air receiver tanks must be drained daily whether engine/generator is run
or not Inspect and clean wy grrmners weekly 1t the touling of the strainers i such that more freauent inspection 1§
warranted, shorten the nspection interval
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PART J — COOLING WATER SYSTEMS

GENERAL.

All Enterprise engines are cooled by & closed loop system 0 which @ fixed supply of treated ~ater s continuously
circulated through the system by 8 jacket water pump with practically no |0ss in quality The water supply for the
Jacket water WMNW\"V treated for mmwwvm.mvn,uﬂuwnw must never be
introduced 1no the system For the first run of an engine, distilled water 15 imperative

WATER TREATMENT PROGRAM.

Transamerica Delaval does not specity any particuler water eatment Program, recommending instead that a water
specialist be consulted about the degree and frequency of wreatment, depending upon the type of water used There
are a8 number of reliable water treatment companies who wil! contract 10 properly condition engine jack et wates 10
prevent corrosion and/or scale " the engine jacket water Dassages. and in the PiPing systems and coolers Nalco Chemical
Company, Drew Corporation. and Magnus Maritec international are examples of such companies 1t 8 recommended
that such @ company be employed for this purpose When 8 contract 1§ entered IO, 11 1§ suggested that & wees |y test
requirement be written inMo the contract

OPERATION.

All cooling surfaces must be kept free Of scale Of Other Jeposits & any such sccumulation will degrade the coohng
capability of the system and, therefore. the cOOlING water lemperatures will not accurately indicate the extent of cool
ing Any coating on the cooling surfeces will act 85 an insulating material, and will prevent wanster of heat 11 for any
raason there s @ duruption of the circulation of the cooling water fiow, the engine should be shut down #5 500N 88
practicable ¢ prevent & build up of temperatures, and possible serious damage 10 the engine To avoid therma! shock
which could cause damage 10 the engine, do not admit cold water 10 the system until after the temperature of the
conling surtaces have dropped 10 spproximately that of the inle! water

USE OF ETHYLENE GLYCOL.

The use of ethylene giycol antifreeze n the cooling water will materially affect the cooliny Capac:ty of radiarors and
other cooling devices A 50% ethylene glveol mixture will reduce the radiator cooling CApECity approximately 12%
Therefore, uniess the COOlNG system was originally designed for this coolant mixture, the Transamer ica Delaval Customer
wmwcmcmuucﬂwmwm 10 the use of such & coolant

SCALE AND CORROSION.

Al water eonmmwwmawmmm The »ﬂwnmmmmvmcwmm'mwwm sale
which wiil prevent the proper wansfer of heat from the hot enigne parts 10 the cooling weter The use of dist led of
softened water mnmwma'nmwﬂdmmmm substances. Generally saale only forms on the hot
umuo'mmwmdnmmwﬂmwwcmnnmw Scale s & very poor
conductor of heat lwuﬂMNM.MMNMMnm.mwnu-nmmonodpms Thew
stresses Mmay Gluse Cylinder liners, Cylinder mnmn-dnmnmwv \mproperty tested
mmmn»wﬂw“dnmnmmﬂnmm 'Vhlht"hmnohmﬁmuﬂhs
greatly reduced by cOrromon Cm.onnnndummunmmmmtmmm and may
.nnw“wﬂmdhudmm

TREATMENT OF JACKET WATER.

To Minim e WrOUS COONON and Caie deponits, and 10 prolong the iife of the cooling system  the treated water must
be maintaned within specifed Limits Actusl treatment will vary depending upon the nature Of the wate supp'y The
(reatrment of water 0 an engine cooling system requires the use of chemicals 10 manten the alkalinity and chromate
concentration of water a8 specitied jovels |1 the sikalinity and chromate CONCEntrations are Properly mantaned. sal
formation and COrrosive actior will e greatly reduced The pH value of the water must be mantaned within the fange
of 825 10 975 A mmmum velue & soec hed because lower velues (an result " Bccelerated Cofronon 1o avowd

F R
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PART J - COOLING WATER SYSTEMS (Continued)
corrosion which occurs in righty alhaline waters, the alkalimty should not be allowed 10 exceed 3 975 ph value

o SODIUM DICHROMATE AND BOILER COMPOUND T REATMENT ~ Sodwum dichromate is 8 convenient
and inexpensive Source of alkaline chromate which has been found 10 form a protective Hilm on metallic surtaces which
prevents attack on the metal by corrosive elements in the jackel water 1t must be noted that sodium dichromate is an
acid compound which must have an alkaline compound such as boiler compound added 10 convert the sodium dichro-
mate 10 an effective alkaline chromate form

p  SODIUM AND DISODIUM PHOSPHATE TREATMENT -~ When using sodm chromate and disodium
phosphate for cooling water treatment, the procedures 1of preparing the system, mixing the solution. testing and
controlling the chromate concentration and slkalinity are the same as that used for sodium dichromate and boiler
compound treatment The only ditferences between the two are tust, the chemicals used, and second, the amounts
used When using either of the above chemical rreatments, specitic proportions should be recommended by 8 water
treatment company 1or the speciiic water 10 be treated and for the watel capacity of the system

WARNING

The chromate chemicals used for water traatment of cooling systems are classified as 8 health
hazard Personne! should avoid any contact of skin Of eyes with chromates when in a solid form
or in @ solution Breathing of chromate dust O solution SPray should be avoided Plant personnel,
when handling chromate chemicals. should be provided with protective equipment which s
congistent with the type and degree o hazerd involved

WARNING

When skin has come ino contact with chromates, the attected areas should be washed with
lorge quantities of S08D and water immediately afier exposu’e

ENVIRONMENTAL COUNSIDERATIONS

When environmentsl Conuaerations are paramount, nitTile compounds such as sodium ninte, NaNO, are suggested as
8 substitute However, the selection of 8 chromate (raatment over @ nitrite reptment 18 strongly urged Nt tes May
adversely attect the fatigue (vhe of the major Cast Parts such # cylinder heads Whenever possible, chromate compounds
should be used

CLEANING THE JACKET WATER SYSTEM.

Ghould the cleaning of the jacket water system be required 10 remove rust of scale from the system the recommends
tons of the water treatment company should be obtained #s 10 @ suitable cleaner  Transamenca Detaval s Customer
Service Depariment should be called upon for advice 85 t0 the compatibility of the cleaner with the cooling system
materials Whenever i1 1§ NECESSSrY to change from one type of water traatment 10 another completety drain and flush
the system free of any chromates o glycol antifreere 10 prevent any Mixing of these materials
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PART K — LUBRICATING OIL SYSTEM

FILTERS AND STRAINERS.

mumma mmdvmundldtn wumoummmw:hg-atolhooulnum.
TMWNMlmmmWuna«“uﬂﬂluw:mvmmmbmmuwummw
aNnmmmdo’uMﬁﬁmmonpmﬂnonﬂuu.Mnbduillmunh
NM.N“W&M.&WM“M#. wnmtnmuwnanmmm
Mbﬂd\c dem.umnmmt,mmouammwbnmmuumutm

nuuﬂmﬂm‘oﬂ.

. Mmouwmmmm,

b Inspect strainer, filter and ubricating oi! cooler A leak Mthcwownwhndncudw.uddmmu-
in oil consumption, and by the presence of oil in the cooling water system. Leakage may occur in the packing between
mwh-udmwum,umuuwammm”monmmmmanndmmlu

c Inspect all external and imernal piping for tightness and freedom from obstructions.

d Wh“mgm.

1 ELBOW 10 SPLINE - EXTEANAL
2 CAPSCREW 11 SQUARE KEY

3 GASKEY 12 HEX NUT

4 LO. PUMF 13 COTTER PIN

8 CAPSCREW 14 LOCKING cuir

& OASKET 18 CAPSCREW

7 ADAPTER 16 DOWEL

8 GASKET 17 CAPSCREW

® DOWEL 19 GEAR CARRIER

Figure 6.X-1 MWM“WWM
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PART K — LUBRICATING OIL SYSTEM (Continued)

LUBRICATING OIL PUMP.

A Delaval IMO, constant di , rotary scréew type lubricating oil pump is used. Lubricating oil in the pump
is propelled axially in @ constant, uniform flow through the action of but three moving parts — & power rotor and
_ The smooth intermeshing of these rotors propells the ubricating oi

churning, pocketing of pulsation. There are O timing gears, cams, valves, sliding vanes or reci

coupling. The carrier assembly is mounted on the front of the engine base, and

gear. Once the pump has been placed in service it should continue 10 operate satistactorily
than an occaswonal inspection. Noisy pump operation 1§ usually indicative of excessive suct

misalignment Of, in the case of an oil pump, excessive weal

REMOVING PUMP (See Figure 6K-1).
To remove the pump from the engine, do the following

[ Remove the inlet and discharge piping as well as any other interfering piping of accessories

p. Positiona sling on the pump and attach to 2 chainfall and take up the slack

¢ Remove the capscrews that secure the pump to the adapter and pull the pump directly away from the

engine until it is clear.

PUNP CASTING
DISCHARGE

" & b
:
™ &
\
|

CAPSCREW

CAPSCREW
LOCKWASHER
LOCKWASHE R
LOCKWASHER
CAPSCREW

SPLINE

THRUST SHOE
N prras
THRUST PLATE s e s o e o ———— S — A =
THAUST SHOE E """""""""" i e "
= ~ E N
WEX HEAD BOLT : KEY
s = - — =
— L\ RETAINING RING
.
BALL BEARING
POWER ROTOR
WO Jn 437 "'..m “M M!MI!!
SPACER oy
1OLER ROTOR BALANCE FISTON
SALANCE MSTON
Figure 6:K-2. Lubricating Oil Pump Assembly

| in @ steady flow without any
procating parts 10 wear
_The pump is mounted or. the front of the gearcase, and is coupled 10 2 carrier assembly by @ splined
is driven by the crankshaft speedup
with little attention other
won lift, air in the system,
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PART K — LUBRICATING OIL SYSTEM (Continued)

PUMP DISASSEMBLY (See Figure 6K-2).

If it is necessary 10 disassemble the pump, exercise care to keep the parts clean so that no dirt, grit or other foreign
matter will be present when the pump is assembled. Disassemble as follows.

s Set pump on suction end and remove capscrews and lockwashers holding balance piston housing in pump
casing. Remove two capscrews with lockwashers from opposing positions, 180 degrees apart and insert % — 13 eyebolts
imo vacated holes. Lift internal assembly out of pump case and set assembly on its side. Do not set it down on thrust
plate. Remove eyeDoIts.

b. Remove bolts, lock washers, spacers and thrust plate from suction end of rotor housing. Note location of
each spacer with respect t0 the rotor housing. Support and remove each spacer as each boit 1s removed. Set parts asde
in order of removal.

c. Grasp thrust shoe on end of each idler rotor and unscrew idler rotors from rotor housing Do not remove
thrust shoe from idler rotor

d. Remove capscrew with lockwashers and bearing retainer. Grasp coupling end of power rotor shaft and pull
power rotor out of rotor housing. Avoid hitting bushing with end of power rotor as it is removed. Inspect power rotor
and ball bearing.

e. |f it is necessary 10 replace the ball bearing, proceed as follows. Remove retaining ring. Obtain wheel or
gear puller and small piece of soft metal. Place soft metal over end of power rotor shatt and use puller 10 remove the
ball bearing from balance piston. Discard bear ing.

f. Remove retaining capscrews with lock washer and separate balance piston housing trom rotor housing Do
not disassemble bushing from balance piston housing unless it requires replacement. This completes disassemoly neces
sary for maintenance purposes.

PUMP REASSEMBLY (See Figure 6K-2).

8 If ball bearing was removed, pressure a8 New bearing no position on the balance piston. Replace retaining
ring. 1 a new bushing 's required, coat outside diameter of new bushing with Locktite Retaining Compound and insent
bushing into balance piston housing.

b. S+t rotor housing on suction end and install new O-ring. Place valance piston housing on discharge end of
rotor housing and fasten down with four capscrews and lockwashers, leaving two holes, 180 degrees apart, vacant

c. Lay rotor housing on its side and insert power rotor into housing from discharge end. Fasten bearing
retainer 10 balance piston housing with capscrews and lockwashers.

d. Insert idler rotors into rotor housing from suction end. Reassemble thrust plate to rotor housing with boits
and washers, making sure that each spacer is assembled to the housing in its original location. Note. The four spacers
have been machined to close tolerances to mntmnwmbcmm mnmmwmhow‘ng. A minimum
torque of 800 in.-Ib applied to each bolt should assure proper Spacing between thrust plate and rotor housing. Improper
spacing mlmnmmumomm

e Insert two %" x 13 eyebolts into vacated holes in balance piston housing and lift internal assembly o

position Over pump case. Insert assembly into pump case. being careful not to damage O-ring during process. Fasten
internal assembly 10 pump case with capscrews and lock washers.

6K-3
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PART K — LUBRICATING OIL SYSTEM (Continued)

f. This completes pump reessembly. Before mounting to gearcase, make sure that pump turrs freely. Do not
btawhimoﬁcoumunhmmuﬁmmmumwmw.

A.-] O

CARRMIER ASSEMBLY
I“NINO
ROLL PIN
GEAR
SRAS SECTON A'A
COUPLING

ORMIFICE

A=)

oo bhUN-

Figure 6-K-3 Gear Carrier Assembly

OIL PUMP GEAR CARRIER ASSEMBLY (See Figure 6-K-3).

The pump gear carrier assembly consists of a shaft supported by two bronze bushings, pressed into the carrier assembly
with their flanges 10 the inside. The pump end of the shaft has an internally splined coupling, attached to the shatt by
» roll pin, which accepts the external spline adapter secured 1o the end of the pump power rotor shatt. The drive gear
is mounted on the shaft between the two bushings and engages the speedup gear. The carrier assembly is secured 10 the
engine block mmmmm.qwm,mnmnwtmaw;

DISASSEMBLY AND ASSEMBLY OF GEAR CARRIER ASSEMBLY (See Figure 6-K-3).
To remove the Hump gear carrier assembly, the pump must be removed as outlined above, then the grarcase removed

8 Remove lubricating oil lines from carrier assembly.
b Bend back locking clips and remove Capscrews. Remove carrier assembly

c.  To remove gear, shaft and bushings from carrier assembly, remove gear-to-shaft roll pin then press shaft
out of gear. wnhmmwm,mwammmamuan.

d. Assembly is the reverse of disassembly Use new locking clips.

e T e
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PART K — LUBRICATING OIL SYSTEM (Continued)

AR
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-

Fone L - N
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-

Figure 6-K4. OVl Pressure Regulating Valve

PRESSURE REGULATING VALVE.

Lubricating 0il header pressure in the engine 15 regulated by a pressure regulating valve, mounted on the pump discharge
piping so that the pump discharge is directed 10 this valve before reaching any other system components Set at 50 psig
it senses header pressure and regulates the bypass volume 1o maintain the set header pressure Besides reguiating header
pressure, the valve protects the system from excessive pressure 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 vaive 15
as follows

s The “IN" pont of the vaive is connected 10 the pump delummm"OUT" port is connected 10 a
bvoﬂﬁmmudl to the engine base Awwtuu,ormlmmonlwmlcotoapo-momhe main engine
alw.mlahﬂvwmwmmwmcmmw

b. Tmmmwwmwmmmmmdowm.mm.wnnqum
mwwmdmmy l'm“mvummmwm.wwmmowoolnmwm
clear the lands on @ sieeve Qil then ﬂovufvommmm-aiontomanm-mmdmmm-ngnmmucu
wmmmwmamdmo\mydrwnwmmmmmw

3 Aaﬂummwmm section of the dwwmmwmumtmmol valve at the
adjusting screw end Thuwowlmdwﬂpwmwmmmmmamm»dowoutmwm
mﬂu\Momlvmdmmuwnmnmmmmmmmwmowpm the header
pressures, such as when starting with cold oil, o because of an obstruction in mmmmmmum-m valve
and the header w-womwm.mmuuau wcnwv\owm.mumm the spring
This will uncover the lands of the spool m“mnmmlmummwtmmc valve and the excess
ol unwwwmmm.uonnmmcommu-
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PART K ~ LUBRICATING OIL SYSTEM (Continued)

d moumnmunummwdn.num“wm.mlupmmo-hnq
gooves of nwnmmm.ﬂwmnm.mumwwm--wﬂam To stop velve
oscillation, an adustable nesdie veive controls oil willage from the bufter mwmmmwm of the valve

e The oil header miuabv Muvammamm.immm pressure
mmmmm Tmmmoﬁw‘mwm will increase header pl‘lo.mduckm it out will

The lubnicating Oil sump tank s provided with & Ll wmﬂoawud.mﬂmmmdtmmmomoon
of the wnk AMmatamvuwovwacnwrmdwm«\omwmw.w.tmmohmm
sump tank d'ouidhnwmdbvMd.thd\Ndmnclwmoillnﬂwunnwum.uﬁlm
umdm-mmwmmmwmunwnwmdumm Oumovuuu-dlotmwmm
dmmm«mmammunmw, The dipstick mmno‘wn,w'o'mtm'ccmdmon
and one for the running condition. Thomutmpcn"ﬂm Static” end “Low Smic"mmwoowd-mm.m
“gull Run” and "Low Run" on the other Betore ol s sdded , it should be determined that the correct ol! \s avalable
Appendix V|ofmu«uwmummuwuummmwmtuhvutmo‘cuouuud

Oil must never e added wwmmlmowmmhumtmonwwom Do
not overfill. Attempting 10 fill from any other location could result in oil reaching other than
design locations

6K6



-

e —————

Instruction Manual

PART K ~ LUBRICATING OIL SYSTEM (Continued)

SELECTION OF A LUBRICATING oiL.

The nhchonohiwmmou 10 be used in the engine is 8 complex matter, and is very important 10 the engine’s
successfu! operation. The recommendations of both the ol supplier and the engine manufacturer should be carefully
considered Transamerica Delaval's recommendations for @ suitable lubricating oil are stated in Section 8. Appendix VI
Other factors to be considered include the price, service life, load factor and tuel sulphur content as well as the filtration
and oil purification system used.

CHANGING LUBRICATING OIL.

Once an 0il has been seiected the engine user. in consultation with the 01! suppher, should map out & plan tor periodic
@mpling and laboratory analysis of the oil. A careful review of these results by the owner the o/l supplier and the
testing laboratory @n then become the basis 1of deciding whether of not the oil needs 10 be changed Transamenca
Delave! recommends that oil be changed on the basis of condition of the used oil rather than on a ume schedule

ANALYSIS OF OIL.

Verious chemical and physical tests have peen developed 10 classity and igentify new oil, and o determine what changes
heve occured in these oils while in service The American Society for Testing Materials (ASTM) has standar dized these
ests, and certain of these tests have peen approved 8s n American Natona! Standard by the American National
Sandards Institute, inc. (ANSI) Transamerica Delaval, 8s stated " Section 5, recommends that representative O
samples be submitted 0 @ qualitied laboratory for analysis on @ monthly basis, Of oftener (1 operating condinions
indicate The following tests shou'd be

o OIL VISCOSITY = Tested in accordance with ASTM D88, Daas, ANS! 211.2 and ANS! 211107 The
viscosity test will indicate whether the proper grade of oil is beng used, and will indicate oxidation (by increased
viscosity) or fuel diuton (decreased viscosity) The oil supplier can provide advice regarding the pigniticance of the
specic values obtaned

b WATER/GLYCOL CONTAMINATION - A measure of wate! and/or glycol contamination of the o1l can
give warning of potenua! problems Water of glycol contamination can come from liner seals, turbocharger casings of
faulty lubricating ol heat exchangers

c NEUTRALIZATION VALUE - Test in accordance with ASTM D664, DB74. ANS! 211 58 and AN
211131 Engine oils are intentionally tormulated shghtly alkaline so that they are capable of neutralizing the acidh

that form from products of combustion and of ol oxidation General'y this reserve alkalinity 1§ deplet
and the weak Ofganic acids that attack bear ing surfaces can be destructive Periodic evaluation of Tow! Base Nv
(TBN) and Towl Acid Number (TAN) are an important measure of oil degradation As time goes on, TBN s dep
and TAN begins 1o rise

g PENTANE AND BEZINE INSOLUBLES ~ ASTM D893 This test s 8 messure of Oil insoluble Mater
o1l resinous matter from oil or 8aditive degradation, external contamination, fuel carbon and highly arbonized mater
trom degradation of fue!. oil, additives, engine wes! and corrosive materials

- chROGlA!mC ANALYSIS ~ This test & used 10 measure quantitively the minersl slements in the
including wear of corrosion maetals such as sluminum, chromium, iron, copper, wiver, lead and un Also, g e
nants from mww-m.mum.

Note
The Transamerca Delaval Customer Service Department in Oekland, Calitorma will welcome any
correspondence regarding ol slection and/of 1esting Although Transamerica Delaval cannot
recommend 8 specitic lubricant, nor acoept any responsibility for the pertormance of the bt
cant wlected by the owner it will be plessed 10 discuss muumw.w.gm ol product
of review you' oil analyss and offer commants
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PART K ~ LUBRICATING OIL SYSTEM (Continued)
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Figure 6K 5. TWMWLMW

TURBOCHARGER BEARING LUBRICATION.

The turbocharger Dear ngs are lubricated by the engine lubricating oil system during normal engine operation On the
other hand, when the engine is in standby status ol 8 not circulated 10 the wrbocharger  The design features of the
Elliott BCO 90G turbocharger are such that the prolonged circulation of oil 10 the bearings while the turbocharger 1s at
rest will result n oil intruding past the bearings 1Mo the wrbine section. To prevent failure of the Learings during a
start, however n-mumunmnmw owmwmwnmumnm A drp
Jubr iGRtION System i§ prowided 10 perform this tunction (see figure 6K-3) Lubricating o/l from the “keep warm’ supply
s passed through & 60 micron filter then through 2004 \nch diameter orifice 10 8 sight glass. The sight glass, one for
sach turbocharger, provides 8 Means for positive determination of ol flow 10 the besrings This flow s sutticient 10
provide for proper jubr ication of the Dearings without Hooding the turbocharger Little maintenance should be required
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PART L — MISCELLANEOUS

MANOMETER. -

The U-type manometer is & primary standard for the measurement of pressure. No other device offers a higher degree
of sccuracy of result. The vertical distance between the two levels of fluid in the U-tube is a measurement of thed!
ference in pressure between the two sides of the manometer. The difference may be expressed in linear umits of the
indicating Hlud, such as inches of water or inches of mercury. Because the pressure being measured acts directly on the
indicating liquid in the tube rather than through any mechanical devices, the column will respond directly and imme
diately 1o the slightest change in applied pressure. For example, if water is the indicating medium, 8 pressure chu! of
one ounce per square inch will change the indicating levels approximately one inch. As standard scales are gradeeted
in tenths of an inch, very accurate readings are possible .

MEASURING VACUUM.

Vacuum and pressure, in the sense used here are the same thing, vacuum
being merely the degree 10 which the pressure has been brought below
atmospheric pressure Vacuum s normally read in inches of mercury
I a vacuum pump were 10 be connected 1o one leg of a U-type manom:
eter while the other leg remained open 10 atmosphere (see figure 6-L-1),
the pressure on the pump side would be reduced as the pump works
Atmospheric pressure, then being the greater pressure, will force the
column of mercury down on the open side and consequently, the
column of the leg will rise. The resultant ditference in the height of

VACUUM

Instruction Manual - -

the column is the measure of vacuum in inches of mercury created
by the pump Figure 6-L-1. Manometer with
Vacuum Pump

OPERATION AND MAINTENANCE

With both legs of the manometer open 10 stmosphere as shown in figure 6:L.-2, indicating fluid is placed in the tube
until the level is at the center, Of 210 graduation of the scale. If the leve! of the two columns is less than zero flud
should be sdded. |1 the reading is more than zero, fluid should
be removed Minor adjustments may be made by moving t‘ho
scale 10 obtain an exact zero reading Application of pressure 10
the right leg will force the fiuid column down in the right leg
and up in the left. The instrument i§ then read by nonnq'ghe
detlection from zero in both legs, then adding the two In the
case of the manometer illustrated on the right side of figure
612, the aitference is the sum of two inches below zero and
two inches sbove, or four inches. {

po b = 1O1= o e I

Figure 6:L-2 Reading Manometer

6L
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PART L — MISCE LLANEOUS

CRANKCASE PRESSURE.

The crankcase is fully enclosed and theoretically air tight. To remove gases and vapors from the crankcase, crankcase
pressure is maintained st 8 level slightly below atmospheric, measured in inches of water by 8 standard U-type mano
meter.

CRANKCASE VENTILATION SYSTEM.

The crankcase ventilation system s designed 10 expel vapors from the crankcase while the engine is running The
system will @is0 assist in determining the general condition of the engine, particularly piston ring and cylinder liner
wear. If piston ring and/or liner wear becomes excessive, piston blowby will cause @ rise in crankcase pressure and,
therefore, will be evidenced by a change in the crankcase pressure towards 8 positive pressure. Two motor-driven
blowers are used to draw directly from the crankcase through an Oil seperator and discharge directly 10 atmosphere
outside the engine room. Qil particles suspended in the air are removed as the air passes through the separators, and the
oil drains back to the engine crankcase. The blower motors are started sutomatically when the engine is started, and
shut down when the engine is stopped.

CRANKCASE VACUUM.

A crankcase vacuum of 021005 in-H;0 s normal when the engine is operating at rated load and speed. Crankcase
vacuum readings should be taken carefully, and compared with previous readings. In this way gradual changes can be
detected and investigated so that minor problems can be corrected before they reach major proportions. Should the
readings indicate a l0ss of crankcase vacuum, the cause should be promptly determined and corrected.

6L2



Section 7
Trouble
Shooting



L,,, DSAV 75081/78084

|@Vucton Manual .

Section 7
Trouble Shooting

GENERAL.

Maintenance trouble shooting, to quMMMthWMNWMMhmoMtH“o
practical sense. The mechanic must analyze the causes and effects, and where the couse is not readily apparent, he
must employ a fine sense o'hﬁcbwummwdmmhwdm. Section 1 discussed preventive maintenance.
The technique of that program is, to varying degrees, applicable 1o trouble shooting as well. To assist in determining the
causes of improper performance, this section contains a listing of some of the more common engine malfunctions
their probable causes and the logical remedies.

All possible maltunctions and their Mmmbwmlvbvmmdnwﬂmmmu Each
engine will develop and display mm‘uuawmmmumloleMdQNmomcu type
Also, the same operator or mechanic will not slways periorm the trouble shooting and repair work. It is, therefore,
suggested that the owner establish a detailed repair and trouble shooting record system. Each maltunction should
be recorded in a readily usable form, |i ing the indications and findings for sach maltunction encountered together
with the repair action required. This record wiil be of assistance in determining the cause of any future malfunctions
and will be a valuable training aid for all operatcrs » d mechanics.

RT RECORDERS.

The nuciear application requires fast starting and loading at random intervals, and associated diesel-generator recorus
should reflect the effects of both structural (acceleration) and thermal (temperature change) loading To sccomplish
this purpose, two chart recorders are included at the Local Generator Control Panel, which are of special significance
in record keeping, and in the entire maintenance /trouble shooting concept. The records provided by the chart recorders
offer highly accurate documentation of vital parameters, and should be used in conjunction with records of other
systesn variables and repair and maintenance procedures records to form a complete portrait of unit performance and
condition. Capabilities of the respective chart recorders are 85 follows.

. The high speed Gould mode! 2600 (6-channe!, 2-event) recorder with a chart speed of 2.5 inches per seconc
will start each time a diesel start is initiated and run for 20 seconds  The following signals are recorded.

(1) Engine start signal (event)

(2)  Starting air pressure, system number 1
(3)  Starting air pressure, system number 2
(4) Engine speed

(8) Governor position

(6) Generator voltage

(7)  Timing mark (1 second interval on recording paper)

. (8)  Fuel header pressure

(@) Generator breaker close (event) (Owner supplied contract)
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( b.  The slow speed Westronics engine temperature recorder shall run continuously and will be used t= monitor
standby as well as operating temperatures of the folinwing.

(1) Jacket Water IN

(2)  Jacket Water OUT

(3)  Lubricating Oil IN

(4)  Lubricating Oil OUT

6)  Manifold

(6)  Srator (hottest point thermocouple as determined by test will be monitored.)
(7)  Ambient Air

e The chart recorders are an important tool in the total maintenance/trouble shooting program. It must
be emphasized, however, that relevant data from all sources must be analyzed and compared before a logical giagnosis
of a given problem can be accomplished. The high speed recorder measures simultaneous variation in certain inter.
dependent variables during a start event. If deviation i experienced in one or more variables, comparison with other
Parameters in the same star: event profile may reveal the cause of the problem. For instance, if a low generator voltage
condition were experienced, knowledge of governor position and the engine speed would be helpful in isolating the

‘ malfunction. In addition, comparison of individ ial start profiles with those of other units, or comparison of start
event profiles over a period of time, will reves! gradual changes in performance and engine condition. The slow speed
{ temperature recorder is used to monitor vital systems temperatures continuously, from the standby condition, through
the start event and on 1o load operation. This recorder documents the effects of thermal loading, and is a good indicator
of the performance of the whole system. Again, note that a high temperature reading for any one variable must be
) compared 1o other relevant data as a first step in troubleshooting.

DSAV 7808 1/75084 7-1A
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TROUBLE POSSIBLE CAUSE ACTION
1. Engine falls to turn over when 8 Al line vaives closed. Chack air line valves,
Sl art valve turned on, b. Ak pressurs 100 low. Chack pressure. Check for clogged alr
strainer,

C Al start vaive lesking or stuck, Release cylinger pressure by opening
Indicator cocks. Memove air start valve
"nd examine.

d. Ak distributor out of time. Adjust timing.

e Control system slectrical power turned Turn switch ON.

OFF.
2. Engine turns on sterting sir but * Fuslline vaive closed. Open sl fuel vaives.
will not start. b. Fuel low in dey tank. Fill tank.

¢ Alrin fusl system, Vent system by opening fusl pump blesder
wrews

d. Fusl lines clogged. Chean lines

e. Dirty or plugged fue! oil fitter(s). Clean filteris).

. Water in fuel oll, Drain and refill system with clesn fuel oil.

8 Fuel control linkage sticking. Free and lubricate.

h. Fuel oll relief vaive stuck open. Froe vaive.

I Fuel reck shutof! cylinder not sctusted. Cheack engine control system.

|, Owverspesd shutot! cylinder not Check overspeed trip and valve. Check

sctusted. control system,

k. Stuck vaive Free clean and lubricate

I Al intake blocked, Check overspeed shutdown buttertly valve
Check intake air filter and lines.

m. Valves riding open. Adjust valve clesrance or, if squipped with
hyaraulic lifrers, check litter adjustment

n. Valve ssats worn. Feseat valves

0. Leaking cylinder hesd gasket Repiace with new gesket(s)

P. Plston rings stuck. Repiace rings s required, using oversized
rings if necemery Meplace liners It scored
or worn,

3. Running engine slows or ops. 8. Safety shutdown system tripped. Check control panel annuncistor for cause.

b Low fuel level in deay tank. Fill tank,

¢ Water in fuel oll system. Drain and 1ill with new oil.

d. Fuel filters plugged or dirty. Chean filters

o Engine overiosdea. Reduce load.

. Restriction in exhaust line. Cleer obstruction

9 Inwmke air supply restricted. Check and clear obstruction. Check inteke
air tilter, overspeed sir butterfly vaive

h. Seired piston. Actus! piston slezure makes s high pitched,
squesking noise. STOP ENGINE
IMMEDIATELY. Check pistons, liners
and cooling system

4. Engine fires irregularly when & Low fuel oil dey tank level Fill tank,
running b. Alr in fuel ol system, Vent systam by opening fusl pump hesder
wrews

c. Waeter in fuel oll system. Drain ang il with new fuel ol

d. Fusl lines clogged. Clean lines.

o Plugged or dirty fusl oil tilter(s). Clean filters

f. Fuel injection nozzie stuck, clogged, Replece with spere and axamine

damaged or dirty.

9. Injection tube connections lesk ing. Clean joints and tighten.

h. Fusl nozzle biesder vaive open Close vaive

I Fuel injection pump dirty, worn or Replace with spare and exemine.

dameged.

u I Fuel injection pumps out of time. Adjust timing (see engine dats sheet)

| k. Fuel injection pumps out of balance Check millimater setting of all pumps with

| with other pumps. stting ot full losd shown on engine dets
sheet. Check individual cylinger exhaust
Mper atures.

I Leck of compression. Soe paragraph 2 above
6 Engine has biack exhaust while 8 Fuel nozzle stuck, clogged, demaged Repiace with spare and examine.
running. or worn.

b. Fuel injection pumpls) out of time. Adjust timing,

¢ Fuel injection pump out of balence. See 4.k above.

d. Al intake blocked. See 2.1 sbove

e Engine overicaded. Check load. Reduce as necessary.
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TROUBLE POSSIBLE CAUSE ACTION
6. Engine has blue smoky exhaust. s Piston rings stuck. Free, clean ring grooves and oll drain holes.
b. Worn piston rings or liners. Replace rings as required. |If necessary, ume
oversized rings. Replece liners If scored
or worn,
c. Burning lubriceting oil. Chack piston riags, ring grooves and liners.
d. Crack or hole in piston, Replsce piston.
7. Engine knocks while running. o Fuel nozile stuck, clogged, demeged Replece with spare snd examine
or worn.
b. Fuel injection pumg out of time. Adjust timing.
¢ Poor fuel oil quality. Check specifications of fuel being used
898N ANAN O
d. Defective fue tappet. Chack, repisce worn parts
o Pigton oo in liner. Chut et fuel 1o suspected cylinger. I
knock decresses. chack piston and ring
clesrances Replace worn parts
1. Looss piston pin or pin bushing. Place piston et bottom desd center With
pry bar, check piston for loose fit. Replace
pin or bushing as necessary.
9 Connecting rod bewsr ing gefective. Check clesrances.
h. Defective main besrings. Check clesrances
8. Low lubriceting oll pressure. 2. Low oil level in sump tank Add oil.
. Lubricating oil suction clogged. Check strainer and clean
¢ Loose lubricating oll piping. Check and retighten as necesss’y
d. Losaed fiiter slements Cheen or repiace slements
o Sticking relief veive, Free and clean vaive
1. Detective lubricating oll pump. Inspect pump. Repair or replace.
@ Pressure reguisting valve st 100 low. Adjum valve.
h. Loose or worn beerings. Check besr ing clesrances
9. High lubriceting oll pressure. o Retief vaive stuck Free and clean.
b. Dirty lubricating oil cooler or full flow Clean.
filter.
c. Pressure reguisting valve set 100 high Adjust 10 cOrrect pressure
10. High [acket water iniet tampers 8. Jacket water Dressure 100 low, Check and tighten connections.
ture. B, A In water system, Check water pump ~ bleed air.
¢ Pump suction or discharge clogged Check and clean.
d. Pump airbouna. Open vents on pump, or on top of suction,
o Water passage clogged with scale. Claan with recognized solvent
1. Insdequate heat exchanger coolant. INMDACT ANd Clean &8 Necessary .
@ Dirty hest sxchanger. Inspect and clean.
h. Engine overiosded Reduce losd
; I Loows piping. Check and tighten
| | Inadequate raw water supply. Check
| 11, Excessive vibration. 8. Cylinger mistfiring. Chack fusl injector nozzies, fuel pump.
eylinger fuel cut off.
| b Stuck vaive Free reface resest Of repiace.
l c. Mechanical problems. Investigate all systems and suxiliaries,
pearticularly moving or roteting parts.
112, Excessive exhaust temperatures, o Engine overioaded. Reduce load.
! all cylingers. b, Low manifold sir pressure. Incresse manitold pressure.
| c. Piston sticking. Remove, clean, check clesrances.
| d. Bearing failure inspect and check clesrances
e Dty intake air fliter, Clean.
13 Unequsl sxhaust temperstures & Vaive lsskage Check valves gring and reses!
(wide spresd with engine losded) b. Fuel injection pump out of sdjustment. Adjust,
r 14, Rising sxhaust temperature in o Burned sxhaust vaive. RAeplace vaive
one cylinger b. Bad fuel injection nozzle. Check and repiace If necessary
c. Faulty pyrometer, Check thermocnupies and pyro meter

empersture.

16, High preturbine exheust

Engine overiosded.

Low maniold air pressure.
Sticking piston.

Bearing fallure

Dirty intake air filer

Reduce losd.

Incrense pressure.

Remove, clean, check clesrances
Inspect and check clesrances.
Clean
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Plugged vent line.
Fuming lubriceting oil

WARNING

This hesvy vepor may be very explosive

and the engine should be stopped
immediately. Allow to rest for 15
minutes 1o allow fumes and vepors
1o dissipete before removing any
engine covers.

TROUVELE POSSIBLE CAUSE ACTION
16. Low exhaust temperature in one e Bed fuel pump. Check and replece if indicatec
cylinger. . Bad fuel pump nozzie. Check and repiace 1 indicated
¢. Faulty pyrometer, Check thermocoupies and pyro meter
17. Erratic mpeed variations (hunting) o Injection pump improperly timed. Retime rump.
b. Injection nozzie tip clogged. Clean nozzle.
c. Injection nozzie improperly adjusted. Adjunt
d. Injection pump plunger stuck Free plunger.
®. Low oll level in governor, F il governor with clesn ol
f. Low fuel oll pressure. Increase pressure.
9 Governor or linkage sticking. Lubricate linkage with engine 0/l Reter
o governor manufacturer's bulleting
h. Governor sdjustment. Refer to manufacturer's bulieting
18. Constant engine speed s Governcr. Refer to manufacturer’'s bulleting
fluctustion. b. Sticking control linkage Clean and lubricate with engine oil.
. Speed signal control air pressure Check system and supply.
19. Excessive venting and/or vapors 8. Lesking starting air valves Check valves. Repair or replsce
from vent holes in ssch end of
SATting air hesder
20, Low jacket water pressure. & Defective water pump Chack and repeir
b. Water pump sirbound. Bieed air
2. Low raw water pressure. . Defective water pump. Check ana repsir.
B. Air in system. Bleed air
c. Dty strainer, Clean.
22. Low compression pressure. . Worn piston rings. Replace.
b, Burned velves, Repiace
€. Valve tappets improperly adjusted. Adjust vaive clesrance or ¥ equipped with
hydreulic valve litters, sdjust litrers
23, Low fuel oil pressure. . Dirty filters or strainers. Check and clean
b, Asiief vaive stuck open. Free and check.
c. Detective booster pump Check and repair or replsce.
a. Air leek in suction line Repair
24, Excessive lubricating ol 8. Worn piston rings or liners. Check clearances. Replece If clesrance is
consumption Sxcossive
b Lesk in sump or piping Repar
. Lequering of liners Hone.
26 Lom of crankcese vecuum & Faulty manometer ingicetions Check tubing for leaks or obsructions
b. Defective blower motor Repeir or repiace
} ¢ Defective pressure sensing switch. Repiace
d. Looss siectrical connection. LT
& Alr leak sround cy linger hesd covers. Check gesket condition and tightness of
cover
Air leak at fusl line entrance 1o hesd Check grommet anc fusl line gaskets,
sub covers
9 Alrlssk past valve guides. Check clesrances
h. Piston blowing by,

Chack for stuck piston rings

Cheack 1or excessive piston ring wear
Check and clean line

Check for hot spots in crankcase
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TROUSLE POSSIBLE CAUSE ACTION
26. No fusl pump delivery, or o Fusl tank empty, or vaive In line closed. Aetill tank with fuel oll. Check  transter
insutficient geivery. Pump delivers fuel to tank. Open all
vaives In fuel lines
b. Fuel inlet pipe clogged or fitter Clean pipe. Clean fiiter slement
element dirty.
e Ak lock in pump. Vent pump and nozzie
d. Pump plunger remains suspended in Thoroughly clean all parts, particy lar iy
barrel plunger and barrel. | aither are demaged.
replece both with spares.
o Broken plunger soring Repiace with spare
f. Delivery vaive not seating properly. Chean gelivery valve and sest  |f sither
8 damaged, replace with spare
9 Delivery vaive spring broken, Aepiace
B Leakage back to suction chamber from Clean faces. Remove burrs ang scratches

=~pr >

3

sirfaces between top of barrel and
delivery valve seat

Worn or defective plunger or barrel
Dirt causing pump plunger 1o jam.

. Control rack(s) costed with dirt.

Supply conmection leeks.

Leakage past spring guide causea by
wWOorn plunger, or Improper sesl of
barrel in main body.

. High pressure connection leeks.

from delivery vaive seat and barre!

Repiace with spare.

Dismantie pump and clesn

Clear and lubricate

Install new gesket or replace connection
1 damaged

Repiace defective pw ts with spares

Install high pressure tube only an the
cylinger for which it was fectory fitted
Repisce line If cone is demaged

27 Injection nozzie vaive sticking

Dirt in norrie.
Poor lubricating quelity of fuel oil.

Nozzie body and velve corroged, or
woded due 10 _cid, weter or dirt in
fuel oil.

. Joint between nozzie holder andg

noztie not tight

Nozzie veive worn and loose in noztie
body.

Nozzie vaive stuck In clossd position
or nozrie orifices cloma

Carbon deposits on nortie

Remove and cieen noztie.

“Anaiize fusi oll sample. Change If tests
ingicate.
Check fusl and filters. Repiace noztie
bOody and valve with spares

Clean faces. Remove burrs and scratches
from nozzie body and hoider

Repisce nozzie body end valve with speres
Check fuesl end filters

Remove and clean notzie

Cleen notrie
*Check fuel being used for conformance to

Spproved specifications Introduce
dditive in fuel If recommended

28 Migh peak firing pressure.

Overiosd condition
Early injection
Matfunctioning nozzie.

Reduce losa

28 Low pesk firing pressure,

Late ignition,

76







Section 8
Appendices

The purpose of this section of the manual 18 10 provide a single location for data which if located within the text of
the manual would be more dithcult 1o locate As a general rule, specific values, such as pressures. clearances
lorques. etc . have been omitted from the text and, where appropnate reference is made 10 the applicable
appendix

The following appendices are provided in this section

Appendix | Conversion Factors and Other Uselful Information
Appendix I Operating Pressures and Temperatures
Appendix |1l Table of Clearances

Appendix IV Torque Values

Appendix V Timing Diagram

Appendix VI Lubricating Oil Recommendations

Appendix VI| Alarms and Satfety Shutdowns

Appendix Vil Fuel Oil Recommendations

Appendix |X Torsional Stress and Critical Speeds

Appendix X Factory Test Logs and Test Results

81



i A ot bl s s S el

R - - —

_Instruction Manual *

Appendix |

Conversion Factors And Other Useful Information

The purpose of this appendix 1§ 1o provide a ready reference for frequently used formulae. conversion factors
and other data

FORMULAE

Brake Mean Etfective Pressure (bmep)

bhp x 33.000
bmep = TxAxN

where
php = Brake horsepower pef cylinder
L « Stroke of piston in fee!
B » Ne! piston area (8q-in)
N =« Number of power strokes per cylinder per minute
Circumterence of a Circle . diameter x 31416
Radws of a Circle . Ciwcumierence x 0 158155
Area of a Crcle Radius’ x 31416
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Conversion Factors and Other Useful Information
Areas of Circles
(Diameters In inches, Area in Square inches)

Diwameters Asea Diameters Asea Diameter Ares Diameters  Area Diameters  Area
116 00307 3 10 n " 1046 349
e 02 (Y] 10.3206 14 825160 "2 97 609 Ve 1060 132
Ve 02761 116 106783 e Ba H408 Ve 406 494 » 1075213
Ve 04909 Ve 11 0447 1\ 865903 asan 1/4 1089 792
816 07670 1316 11,4168 (Y] 88 664 1/4 424 558 n 1104 469
/8 104 " 17933 va 90 7628 12 FECREY Ve 1119 244
me N800 1816 1217 m”s 97 8858 3/4 443015 » M8
V2 Vi - 12 5664 " 034 24 452 W9 14 1149 089
916 248% "8 133641 " 972065 14 46 864 12 1164159
58 e 14 141860 14 99 4022 " 471 426 Ve 179327
1"ne a2 " 150330 e 101 6234 Ve 481107 » 1194 593
A A48 w2 15 9040 "2 1008691 B 90875 14 1200 95
1316 5185 /8 16 8002 58 106 1394 1 500 742 "2 1226 @2
18 8013 L) 17.7208 VA 108 4343 2 510 706 Ve 1240 98
1516 880 "8 18 6655 " 110 7837 Ve $20 769 0 125 64

1 7854 . 19 6349 12 113098 ” 530 929 14 127129
V16 BB "8 20 6289 1A 117 859 1A 541 189 2 1288 25
18 9940 14 216476 V2 12219 "2 551 547 34 1304 20
Ve 1107% Ve 22 6907 ya 127677 Ve 662 003 “ 13202%
V4 122712 "2 2327883 5] 122733 b1 §72687 14 1336 40
/16 1.3530 (Y] 24 8505 Ve 1. 14 583 209 12 1352 65
18 1 4840 va %9671 " 142139 12 593 959 34 1369 00
116 1.6230 " 27 1086 ya 148 489 Ve 804 807 a2 1385 45
V2 16N " 8 2744 14 153938 m 615 754 V4 1401 99
96 19178 e 29 anan 14 160 485 14 626 789 "2 1418 63
5/8 207130 14 06797 "2 1688 122 "2 627 941 Ve 1483
1S 2298 e N 4 170874 Ve 849 182 a3 1452 20
wa 2 4081 V2 33 1% 176118 Y 860 521 14 1460 14
Ve 25802 /8 AN 14 182 655 19 671950 "2 148617
] 21812 A n 1848 V2 188 692 "2 oh) 494 ya 1503 30
16/16 2048) " E LR FL VA 194 878 A o m .t 152053

2 11416 ’ MW ARG " 201 082 k1 706 858 1A 1837 86
116 13410 "e F L RAR] 14 207 W% Ve 718 689 V2 1565 29
e 1 Sa6h Ve 42826 V2 212828 "2 10618 k1) 18728
¥Vie 17583 8 427184 VA 220 b4 ya 142 645 a 1590 40
1a 19761 12 “m 1 726 90 n 754 7689 e 1608 16
516 4 2000 5/8 A% 66 W e 233708 14 766 992 W2 1625 97
Ve 44000 va aan " 240 59 2 MmNl ya 1641 89
AL 4 Bata " a8 07 e 247 A0 Ve ™I . 1661 91
\r 49087 L 80 2656 " 254 A0 »n [Nl 1/4 1680 02
we 61872 " 51 8487 e 261 587 /4 816 865 2 1608 23
5/8 54119 14 83 4561 2 268 B0) " 829579 VA 1716 54
M"wie S8 Ve 55 (BB Ve 2% 117 ya [TFR ) a 1734 9%
A 5906 V2 56 7451 "w mIsm E%) a5 201 V4 1753 4%
F AU YAk s/8 58 4264 14 291 040 1/4 Ben W09 " 177208
"8 6498 v 80 1322 V2 298 Al W2 IR ya 1790 76
we &mm " 81 862% VA 306 W5 VA 80468 ' 1809 56

3 7 0886 L} 816174 20 4150 L 07 822 14 1828 46
116 7 W82 ". o 1e6H e 322 063 V4 [PAR -5 12 1847 46
/8 7 6600 14 87 2008 2 230 064 \n 904822 VA 1866 55
yie 191 e .02 v 28 164 A Sa8 A8 N 1885 1%
14 nrmH V2 108823 n e ) » 962 1% V4 1905 04
L YAL} B9 58 72 159% AL 54 657 e 275 908 " 1924 4)
'L LR LU ya a8 " 3081 12 " e Ve 1 m
116 9 M08 " 16 SARE A 371 540 A 1003 788 50 196 46
"2 [ Y YAk 10 785098 n WO V4 » 1017 878 1A 138
9e LR ) ". 80 5158 14 8822 A\ 1032 088 12 2002 97

ya 2022.8%
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Conversion Factors and Other Useful Information (contd)

Temperature Conversion Chart

27325328 e svovruna

SUNSENEE EUNYIIVEY TUNTIASSES

L

ns.
»e
Na
»2
“o
“e
a4
-

“7
s0o
se
836
S
872
o0
L L)

66
LR
L
L
L1
"ne
4
"2

”ne
M
L)
"
L
-0
LI
LY

"
%2
"o
LR
-
oo 4
22
104 0

AL
we
e e
ma
"o
s
1es
e

102
o
1230

"
"
22
178
123

13
“a
%o
"we
"w
"w?
12
"”e

LB
me
N
x0
206
m
n
72

ne
n
n
240
»no
ne
»
»n)

ni
ne
m)
ne
L L]
o0
L)
"

"
n2
ne
Ny
ne
e
»o
»e

»
»
»a2
me
“h
LER}
L
ano

LI

§3:§fgs 2322223 FOENEELT BIIIFIEI ITISESET TSSOEEET ESLED

Gorwen wio e other wale |1 comwerting trom Fahwenhen 10 Contug ade degrees the oG wslent Lempe sture
“n—mm*wgg.!-'w_@gwﬂ_hr_-gnﬁg-u&

Comugrase

? vt | Comtap s
1% LT
e 822
.2 wo
mo [l
28 “e

LB}
e "
1w
1|2 70
1900 "
e LT
e 22
1454 "o
2 (]
w0
190 LR
1508 -
826 "
154 4 oo
"2 w02
1540 104
e w?
"we 1o
"
wis "e
wh2
wio "e
.a . "m
e e
1724 "
14 "
1”0 w
w
e 8
1" "
" LN
w2 ..
"o .
1L 1 154
- .0
04 AL
m
w2 mwm
10
"e \LH
we -
L1 "w
w2 "w
00 204
048 "0
ne
e e m
Ok 4
no2 m
mo m
m be
m m
e e
248 ™
m 0

SENSERE GEZRNESE FEUNEFNRUIIFNPEN RGNONIZIVEENESIE ERENEes

TRy BIEREY

-
4

3441

“os

BEZZE;EE BESQES

re

gs93t

Ougrem Cont ':-3:’--. - !.Oo w

ot e
mn - e
roH - e
»2 4%

»? AW "2
» ax "w?
746 A "w
M0 400 156
EE -0 %0
L)
m - 1
m ”e 133
FAL) -
m 0 1”28
27 o 22
o e "
e o "
. mn W0e
oo
184 00 L]
" rec a
m ™o
169 m ol LB
L] m s e
w2 0 a“am "2
"w »o a“©e .
151 el «00 .
L1
146 m »m 80
140 $7.0 » Al
(EL o e
At »o e i
(P} 10 »o 1
"e .0 » EA]
" m AL 12
1o? "o " (B
"
W "wo ne o8
o 1.0 mw oo
w0 1w 202
L L I os
" " 166 "
13 oo 40 "
(3R] L %0 2
622 - "o i
1
e " wio ae
- n L an
s - "o
LA - no a0
“) - a0 L1}
“we ~ L L3
“ws - R LY
“wo 0 ~0 12
"
”a - no LB
M L no (1]
n » 130
me o a0 'Y
» " &0 oo
m " "o we
- AR R SR
-
P aene S s e et -

Oogrom o *x %t

Dogpom Aot 0 < % om0

[T ’o-!ho. .-tﬁ-m

——



@ Instruction Manual _, 8-2-C

L
( Conversion Factors and Other Useful Information (cont'd)
Altitude and Atmospheric Pressures
-— —— —‘——-_,___1 4___——_'_‘______-_-—4—_—'——_—'_-
-e - 2
Altitude Above Ses Level Tempersture Barometer Atmospheric Pressure
. . Inches mm Kg/saq
Feet 1 Mites Merers o % Mo Abs W Abs PSIA o B
5000 1826 ” r »58 9017 e 1229
500 A3 ”» 24 .00 89 0 1719 1200
000 1220 ” 2 42 8743 16.90 1988
OO 088 n n 3184 -es 1662 1168
3000 " » n n a5 1 % 1149
2500 %3 - 2 n» 806 16,06 1129
2000 £10 - " 24 MY " 1108
1500 58 e [0 e ' 551 1081
1000 08 ) " noz2 9 15.23 1on
500 153 1 I 04 739 1496 1,082
0 0 o " »92 760 0 14,006 10333
500 AL%) LY " »»w 7483 1443 1018
1000 0 5 3 86 7330 1416 956
1500 -p [ 2 =y 796 1291 98
2000 610 82 " n82 7066 1366
7500 7% 0 0 nn -39 1 942
000 ”s - “ .82 -2 un 22
»oo 1068 a " »3 e 12.93 90
000 1220 - 7 %84 -6 ) 1200 892
pees) 131 “ ° »3 844 4 12.46 8%
5000 o 1526 “ [ 2490 s 12.23 860
6000 " 1831 » 3 239 0083 " am
7000 13 2126 u ' 2310 06 7 1" ”
8000 s 2441 » K" n» 564 6 0.9 %)
9000 'R 274 ” 3 n= 8413 10.50 738
10 000 19 060 3 ) 2058 22 1010 "o
15 000 28 “n . 4 ™ %0 B 58
f 20 000 a8 6102 2 24 12 2495 6% ars
2 000 " reow 0 4 " 24 54 ma
» 000 87 9183 - s 8503 761 ay 07
000 66 10,679 K2 7.080 1793 a0 204
&0 000 16 12,204 70 57 5558 1412 an 192
45 000 ' 117% 7 &7 4 " 218 A8
50 000 ' 15,268 7 Y 2444 oS 108 1"
85 000 104 16,781 7 &7 an2 -9 1.9 0w
60 00 "na 18,306 70 57 FAE 642 108 orm
10,000 123 2.7 &7 Y 1 n? - 0anH
80 000 %2 24 a0 &2 82 w23 20 408 028
90 X0 " 77 &0 R Y 59 5 200 ' 132 »s 0
100 000 e 20510 81 .6 amo am ™ o114
120 000 228 »%612 26 A 1 ﬂ', 145
140 000 »6 Qe . 18 59470 18
160 000 o4 @86 » 2 2766 %9
180 000 M2 54918 19 3 12843 A
200 000 ne 61,020 3 A9 o 1.48
220 00 " en - “ 28217 u\';
240 000 “s 224 el o 9 955 zn‘,
260 000 “) .32% A% -0 asia? 8o
M0 000 831 [ XT.] (F Y V1 267
20000 o 9152 27 - a1y ul:
400 000 ”%9 122.040 ey 180
%00 000 - 152,880 1a! asey
800 000 1 183,080 t': 180
800 000 152 144 080 163 a0e |
1,000 000 199 2086 100 81 130
1,200 000 m 06,120 209, o.-:
1 400 000 -~ 427140 8z 0 20870
1 800 000 & 88 1 80 ' "es
vewo | 2 49 180 8y as7y
2 000 000 e 610,200 . 2134
Data from NASA Standerd Atmosphere (1962)
*Temperature 8nd barometer are pProx imate for negative aititides

4T amperatures are avarage ex imting ot 40° latitude and are rounded 10 even rumben.
vmm-muummuvd“nmmm-w‘-nm
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Conversion Factors and Other Useful Information (cont'd)
Conversion Factors
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Conversion Factors and Other Useful Information (cont'd)
Conversion Factors (cont'd)
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Conversion Table

1/64 0015625 03960 | 33/64 0515625 130969
1/92 0031250 07938 17/32 0531280 134938
3/64 00467875 11906 | 05/64 0546875 13 8906

1/18 0 062500 15875 918 0 562500 142878
5/64 007812% 1 98aa A7/64 0578128 14 6844
3/ 0093750 23812 19/32 0593750 150812
7/64 0109378 21 39/64 0609375 15478

1/8 0125000 31750 5/8 0 625000 168750
41/84 0640625 162719

9/64 0 140625 asne FARE X 0656250 16 6688
5/32 0 156250 39688 43/64 0671875 17 0656
11/64 0171878 43856 11/16 0 887500 174625
ane 0187500 47625

45/64 07025 17 8594
13/64 020312% 51504 P I 0718750 18 2562
L 0218750 5 5562 AT/64 0 734375 18653
15/64 0234375 L] LR ) 34 0 750000 19 0600
1/4 0 250000 6 3500

49/64 0 765625 19 4460
17/64 0 265625 6 7469 FLTE 0781250 19 8437

8/ 02012%0 71438 51/64 0 796875 20 2408
19/64 0296875 7 5406 13/18 0 812500 208378
516 0 312600 79378

53/64 0 A28 25 21 0944
21/64 0328125 A 3344 2N 0 BA2750 21 402
1R 0 343750 TN 55/64 (LT FARL FLY
23/64 0 350378 9128 18 0 875000 22 22%0
s 0 375000 952%0
25/64 0 190625 99219 67/64 0 KO0 5 226219
13/92 0 406250 109188 29/% 0 906250 230188
27/64 0421875 10 7156 69/64 0921878 234156
1/18 0 437500 11128 16718 0937500 2aM2%

29/84 0453126 11 5094 61/64 0953128 24 2004
165/ % 0 468750 11 9062 n'a 0 968750 20 6062
3764 0 4B407S 12 30M 63/64 0 984175 2% 00

\/2 0 500000 12 7000 \ 1 000000 2% 4000
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APPENDIX |
mmmmwm

PRESSURES

mmmmumnm

Srarting Av Supply BODPN  iovrssrsrrsnersaisraRrerEariirarrabald 176 kg/sq em
Starting Ar Heade! BOOP  (iicrrirsiriviiiariiiiy PP T T 176 kg/8g cm

WVMdlM“‘NMMMN“W

pe n-hg Kg/8q cm
Lubricating O* Wl oriiiines 1018 =120 ooiviins 352 ~ AW
LMO".‘W"M 0= ciciiinnn 7~ 00 i 14 178
Jacke! Water 100=W iiiviinnn 0h= M1 iiiin 00 2N
Fuel On 0 =W iiivirinn W07~ B 141 -2
TEMPERATURES
mrmmwm.mmmvunmnum
meodwdlm' 170'-!.0'”700'6—“2‘0
Jacke! Water out of Engine !?0'!-'0'(”0’(:—“?'0
wumww.

The axhaust lemperatures shown on the Factory Tes! Resutts npmmmmmwws dunng
omuvwmwmm Tmammmm.mumnemw-wmm
rempe’atule l-mwummnmuwnmmumw'dmnum
tanen tor all cyhnders Temperstures wuu\mmmmnmm(mhchw n

Iwmgmmmhmmnm”umnnﬂm”mmuwu High
umpmummwmnmw«mmh

owumwwwmwumwuomnuwwm Eacep! as noted
for Q-MWUMNMMMMUM\.MMUWQOM Sudaen
cwnommmwmm

wmw“chGUQwumwmwuw.uNuvmmm
wmmmmmuwmmmmNMWWM

‘when using SAE 40 bncating ov In BRgINe
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DESCRMPTION

BACKLASH

Bugmy e -

.‘.'.00-

o e O Boewe TG

- -
-2 -
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CAMSHAFT GEAR LEFT MAND

OLER GRAR LEFT HAND

CAMBHAFT GEAR RIGHT HAND

WOLER QEAR MG T HAND
CRANKEHAS T GEAR

LUBICA TING O PUMP DRIVE GF AR
Lmvmmmmwnoﬁu
mmummm Gf AR
mmmmmuumn
UL On PUWMP & OVERSPEED TheP ORIvE Gk AR
JAGHET WATER PUMP DRivE GE AR

INCHES CENTIMETERS

0008 ~ 0010 0020 ~ 002%

L 0004 ~ 0008 0010 - 0015
0005 ~ 0008 0013 ~ 002%

gssE |§

- - - =
@ > = o

§




Instruction Manual

Part Number  03-360-02-OM

Direction of coils

Active colls

Total coils

Load Rate

Load at maximum working length
Load at minimum working length
Free length

Maximum working length
Minimum working length

Solid length (ref.)

Inside diameter

Outside diameter

Wire diameter

APPENDIX 1112
VALVE SPRINGS

848

Right hand
10

12

163 .5 Ibs/in
281/310 tbs
475/525 bs
9060 in
7.250 n
6.000 in
4872 in
2:16/32 n
39/32 in

0 409/0 403 n
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APPENDIX IV

TORQUE TABLES
Model RV-4 Engine

The first portion of this torque table, Special Torque Values, applies 1o those nuts, bolts, capscrews and other
threaded fasteners for which a specific torque value has been assigned !f no specific torque value is listed for a
fastener. refer 1o the General Torque Va ues portion of the table using the torque listed for the thread size of the
item in question All torque values are based upon the use of a thread lubricant consisting of a 50-50 mixture
by volume of powdered graphite and engine lubricating oil. All torques are listed in both foot pounds and in
kilograms per meter Where applicable, bolt sizes in the special torque section are shown in parenthesis

SPECIAL TORQUE VALUES
Torque

Item ft-lb kg-m
NUT, Foundation Bolt (heat treated St@el) ...........c.ovvvvrvvveerrvnnss o 415
NUT, Main Bearing Cap S8 (1%") «oovvviiiviiriiniirerirsrniressnsnes TIE"  sawhs 415
NUT. 0008 00 Crankeens THREBBN ..cooovcsrnrssssasrrssrsrssissnsins 8000 ..... 1106
CAPBEREW. CIniSatd 0 DROB ") ssiicirsereniscs vesaovssnnssisarss 8 s 58 8
NUT, Cylinder Block to Crankcase Thru-Bolt (2%") ......covvviviriininns 4500 ..... 622

. NUT. Cylinder Block 10 Crankcase Thru-Boit (2°) ..................coss 3000 425
NUT, Connecting Rod BOM (174") . ouvvviivnrriiiiinrsnrirsissnsnnsins IO . svene 235

{ NUT, Connecting Rod BOR (T8") ..oooiciiivisisiirinsisirerarisisnsies P e 3595
BOLT, Link Connecting Rod 10 Link Pin (1%") .....ooviiiiiiiiiiinnirinis W i 1452
NUT, Cylinder Head Stud (2-BNC) .......ovvvvviviinsnrsmisisnnssnranss 3600** ..... 4977
NUT, Fuel Injection Nozzie Retainer ...........c.covvvivrnniss Minimum 75 ... 1037
Maximum 80  ..... 1"

MUY Pt PO BRI oooneivaninitsssheibos snobsnsssbiesdii CEOFEoEED N e 1
CAPSCREW. Fuel Pump Base (Allen) ........cvovvvvirinns R ah iy 5 8 e cias 166
CAPSCREW, Camshaft Bearng Cap .....c.ovvviviiiiiviririiiinsiionos | N 276
CAPSCREW. Idier Gear Mount Bracke! . ........oovvvivivrirssivinnnsnns W . 166
MUY, PRI NN 500 oinsss ol bidnseronss pkanes soks Vadpy e beribniy 4500 ... 6223
NUT, Crankshaft Counter Weight (13" Crankpin) .......oovvivviiiiisnnis 2880 .. 3387
CAPOCHRW., Rather BRIE 15 cos.0: svsvvnrsenvirsisssnsussebntinoss sadess O il 505
CHPSCREW, Sub-Cover to Cylinder Head .............covivvviivivinns | S 166
CamonoN CUlr BN PR 525652585065 050 586086005 F545 280 e EESHEITF 1800 ..... 2489
CAPSCREW, Air Start Valve 1o Cylinder Head .............coovvvvinniiis ™ ire's 2074

*Mea! treated bolts are dentified by the figure "4" stamped on end of bolt

**Not applicable if pre-stressing method is used

**Retorque this tem every 8 hours of operation after instaling new copper gaskets until no change in tight
torque 18 observed
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GENERAL TOROUE VALUES

mW“MmuM~mhm~mﬂm“nth.quw
“mmmwunnmwﬁu“m.m.

Bolt Size & Toraue

No. Threads {frib) {kam)
m—u................12...1.00
3/!—24................u...zoo
Wetd . . o+ s s s s s s i s s B ... 4B
1/2-20 it s s s s s s e e B8 ... AN
BB-11 . . .ttt s i e O .. &N
BB-18 . . . . . it W, 068
V410 . . . s i e i e e WO ... W8
V=18 . . . . s e i M B
MB® . . . s s i it rra sy WO ... AW
7Il—u...‘............1&...2&.0
1-8 T || I 1L
1-14 L ¢ . . 290 401N
11/8-7 336 46.33
11/8-8 365 48.00
1-1/8-12 396 54 53
1:-1/4-7 480 06.38
11/4-8 500 60.15
1-1/4-12 650 76.07
1.3/8-6 620 85.75
1.3/8-8 680 . 404
1.3/8-12 7485 . 103.03
1:1/2-8 736 . 101,68
11/2-8 800 . 110.64
1:1/2-12 6" . 11962

ror— RBA
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ENGINE MODEL
ENGINE TYPE
FUEL
ROTATION
INTAKE CAM
EXHAUST CAM

TOC TOP DEAD CENTER

BDC BOTTOM DEAD CENTER
lg INTAKE VALVE OPENS

I INTAKE VALVE CLOSES
£, EXMAUST VALVE OFENS
f, EXMAUST VALVE CLOSES

Appendix V

Timing Diagram

R/RYV
STATIONARY
DIESEL
CLOCKWISE
02-350-04~07
02~350~06~AN

T0C

SEE NOTE i-

NOTES

A, Al STARTING VALVE OPENS
A, AR STARTING VALVE CLOSES

s W wN-

Diagram 14 in crankshalt degrees

See angine dats sheet in frant of menuel
o e e namepieie for Liing e

Gee a0y ine narepiate Vot oy hirwder 8wl
bk dengnetion

Sow angine dats sheet for diew! fusl
e e e
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APPENDIX VI
LUBRICATING OIL RECOMMENDATIONS

mvvmnmu.mnmmmmmwm-wvum‘ The final
mun«mmvdmammwmmm.tqummmmmmmwlm
o ummu-dmmhath rmmownmdamnbmnwmm,
ndw.unwuwolnmunv-w:

CAUTION

ummum“nﬁmmnnmmmmmwm‘mmo
MMﬂowmmeolOMMQMtﬁodewbumm
order 10 insure the most satisfactory performance and |ite with oversll sconomicsl operation
mm.udeuw.ﬂ?vmmMWu“Wuv Division
should be consted

To determine the condemning limits for oil in servies, have the oil supplier take representative samples at reguler
intervals for 0l analysis. His recommendations then, for either further servioe or for condemnation will be based on
qualitative tactors. The follow:ng applies 1o new oil only

AECOMMENDED LUBRICATING OIL CHARACTERISTICS

SAL GRADE 40 Q1L
Max mum Minimum
Viscosity Index (ASTM D867) - 70
Gravity, AP | ot 80°F (26.6°C) (ASTM D287) » 20
Flash Point OF (ASTM DO2) - as ' o
Pout Point 7F (ASTM D7) - 0 16°C)
below coldest
ol sarting
temperatute

O1L RECOMMENDATIONS
DIESEL ENGINES (Using fuel il with less than 1 08% sulfur)
Engines rated 208 bmep and below - API/SAE Clasticstion “CC" or betie

Engines rated 108 bmep end shove - API/SAR Clasitication “CD™ or better

‘mw.' he ]

L
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APPENDIX VI
mmwmm

mmwmmnnmmw. Ymmmumw
mmmumnwnﬂMhMIuMunanw. Thowe nems marked *
wmnwmnmnm-omw.

GARY TRON 1 TRON [N
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{ Appendix VIl
Fuel Oll Specifications
Maximum Minimum
Viscosity, SSU et 100° F 45 32
*Gravity, Deg AP 38 26
Sulphur, % 105 -
Sulphur, Corrosion Taest (Copper Strip, 3 hrs. at 212°F) Pass Pass
Conradson Carbon, % 020 -
Ash % 010 —
Water & Sediment % 050 -
Flash Pont *F (PMCC) 150 or legal
Pour Point, at least 10° F below coidest fuel oil temperature
DISTILLATION, * F
90% Point 675
IGNITION QUALITY
Cetane Number 40
. “Meatl Value — determine from AP | gravity imits shown 1o determine total or net Biu/Ib or gallon

The above speciication covers fuel oils classed as Grade F§ No 2

Fuels heavier than the above can be burned in Enterprise engines provided proper treating and pre-heating
facities are avalable |n the event 1 is desirable 1o use such fuels. Transamerica Delaval Engine and
Compressor Divisan should be consulted for advice as 1o the arrangements that need to be made An analysis
of the particular fuel 10 be used must be provided

For lubricating ol recommaendations. refer 10 Appendix V!

PR R ] “ L RTERT ]
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Appendix IX
Torsional Stress and Critical Speeds
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Appendix X
Factory Test Logs

Copies of the Power Engine Factory Test Logs and a summary of the tests are provided inthis appendix 10 assist
ope: ating personnel in bar oming famikar with the oporaling characteristics of the engine(s) The data included
is thai racorded g ing 1he actual tactory test of the engine o ready reference. a summary of the factory lest
results i€ also providec |1 should be noted that ¥ya exhaus! temperatures are those recorded at the factory
under local ambient conditions  Temperatures expy @rced by (he owner /operator therelore may exceedthis
average temperature

T 1
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FACTORY TEST RESULTS.

Below 1s a summary of the results
Wmuummowmmwcymo.nwl.
field. therefore. may exceed this average lemperalure

complete detal of the factory lests

8-11A

of the factory 1ests 10 which the engine(s) was/were subjecied Exhaus!
OCAL AMBIENT CONDITIONS Temperalures in the
Refer 10 the Faciory Test Logs that follow for a more

sorier Koo Mpreseurs fomparatre g ey rssraisre | tompboaios tove )
750851-2814| 51,0 IN.-HG cne 29.82 IN.-MG| T4°F 974°F
76052-2818| 49,5 IN.-HG 133°F | 29.83 IN.-MG| T1°F 973°%F
76053-2816| 48.0 IN.-MG 126°F | 29.75 IN.=HG| 78°F g82°r
75054-2817| 49.4 IN.-MG 120°F | 29.85 IN.-HG| 62°F 9sa'F

DSRY-78081/78084

B-11A
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SECTION 9
DRAWINGS

The drawings histed below apply 1o this installation. and are intended 10 assist in the installation operation.
overhaul and repair of the engine In agdition, the pages in the front part of this section contain information 10
assist in the use of the drawings as well as other information of @ general nalure intended to provide ready
reference data 10 the user

Dwg No Rev Tl

R-3951 G INSTALLATION DRAWING

rR-39852 D FOUNDATION DRAWING

00-500~-75081 F CONTROL PANEL INSTALLATION
09-500-75081 L CONTROL PANEL SCHEMATIC (10 SHEETS)
09-688-75081 E ENGINE & SK1D ELECTRICAL SCHEMATIC
09-695-75081 #] ENGINE PNEUMATIC SCHEMATIC
09-.05—75051 B8 EXMAUST, INTAKE & CRANKCASE PIPING SCHEMATIC
09-810-75051 E JACKET WATER PIPING SCHEMATIC
09-820-75081 E LUBE OIL PIPING SCHEMATIC
09-827-75081 o] FUEL OIL PIPING SCHEMATIC
09-835-75081 (#] STARTING AIR PIPING SCHEMATIC
61-560-6167 E PNEUMATIC LOG1C BOARD ASSEMBLY
52433 - !NT!RCDNN!CY DIAGRAM

52434 & ELECTRICAL lNT!lCONNECT DIAGRAM

neRY~-75051/75084 9-1 “/83
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Piping Connection Numbers

All engne and related suxiliary equipment
-mdmn-w-o\-lndl

@  Instruction Manual

an-‘uuwmdmwnu

mum&"hhmdom

CONNeCctions
ITEM LUBE Q1L CONNECTIONS {TEM FUEL OIL AND GAS CONNECTIONS
104 ~ Lube Oil Pressure Pump Suction 106 ~ Emergancy Fuel Ol ~ Inlet

107 - Fuel Oil Suction, Engine

105 - Lube Oi Scavenge Pump Discharge
Lube

114 — Four Way Valve to Oil Cooler 122 - Fuel Oil Drain

116 — Four Way Vaive from Lube Oil Cooler 134 ~ Fuel Oil Suction, Transter

123 - Emergency Lube Oil Inlet 135 ~ Fuel Oil Discharge, Transfer

124 - Lube Ov Sump Outlet 148 - Fuel Oil Header Inlet

125 ~ Lube Oil to Claritier 149 - Emer: Fuel O Outlet

128 - Emergency Lube Oil Outlet 163 ~ Heavy Fuel Oil Inlet

162 - Line to Relie! Vaive ~ Lube OV 167 — Fuel Oil Pressure Pump Discharge
155 ~ Lube Oil Inlet 162 -~ Fuel Oil Inlet ~ Settling Tank 10 Filter
167 - Lube Oil Pressure Pump Outlet 178 - Gas Inlet

168 - Lube Oil Strainer Inlet 181 ~ Fuel Oil Return

182 — Lube Oil Regulating Valve Outlet 183 - Heavy Oil Bypass Outlet

18€ - Lube Ol from Claritier 197 - Vent, Gag Shut Off Valve

190 - Lube Oil Pump Safety Vaive Outlet 199 - Fuel OVl Bypass Outlet

191 ~ Lube Ol Scavenge Pump Inlet 229 - Relief Valve Discharge -

193 -~ Lube Oil Relie! Valve Return 139 - Fuel Injeciion Line Shroud ~ Drain
198 - L.O. Sump Tank Vent Connection 244 - Fuel Oil Pressure Pump Inlet

200 - L O Pressure Control Connection 284 - Fuel Oil Centrifuge Sludge Outiet
208 - Pre Lube Pump Suction Conn. ~ Compremsor 285 ~ Diesel Oil Cantrifuge Sludge Outiet
209 - Pre Lube Pump Discharge Conn ~ Compremsor 286 - Fuel Oil Centrituge Outlet
210 - Compressor L.O Regulator Inlet 287 - Diese! Oil Centrifuge Outlet

211 - Compressor Crankcase L.O. Drain u-wmnom-&m?mnﬁuw
212 - Engine L.O. Regulator Inlet 289 - Diesel Oil Pressure Pump Inlet
213 - Engine L.O Drain 290 - Diesel Oil Filter Outlet

218 ~ Pre Lube Pump Suction (Engine) 291 - Fuel Oil Heater ~ Steam Iniet
219 - Lubricator Supply ~ Compressor 202 - Fuel Ol Hester ~ Steam Outlet
220 - Pre Lube Pump Inlet ~ Engine 295 -~ Fue! Ol Filter Steam Inlet

221 - Turbo LO. Drain 206 - Fuel Oil Filter Steam Outiet

224 - Engne LO Fil 297 - Fuel Oil Viscometer Outlet

226 - Compressor L.O. Fill 303 - Fuel Oil Drip Tank Vent

226 - Compressor Cylinder Lube Ol Pump Inlet 313 - Centrifuge Desiudge Water Inlet
227 - Compressor Lube Oil Meter Inlet

241 - L O Pressure Regulator Return

242 - L O Straner & Filter Vent

245 - L O Return from By Pass Filter

8 e o AR o
247 - L.O Supply to Compressor

248 - Compressor Sesl Oil Recirc

249 - Compressor Sesl Oil Pump Outlet 108 ~ Starting Air Inlet (or Gas)

266 - Extra Distance Piece Lube Ol Drain 108 ~ Exhaust Outlet

258 - Vent from Lube Ol Filter 113 = Compressor Outlet

260 - Compressor Motor L.O Outlet 176 ~ Air inlet ~ Supercharger

.' - Wm Motor L o mv ‘- - mlm‘ O\Mﬂ

262 - Compressor Motor L.O Return 203 - Starting Air Outlet (or Gas)

263 - Compressor L.O. Module Inlet 204 - Cylinder Head Ven!

264 - Compresmor L O Module Outiet 78 - Turbo Ak Vent

265 - Compressor L.O Module inlet for Aux. L.O. Pumps 214 - Distance Piece Vent, Compressor
266 - Fiter Dirty L.O. Drain 216 — Distance Piece Dran, Compressor
267 - Fiter Clean L O Drain 236 - Control System Vent

268 - L.O Straner Dran 238 - Power Air for Unloaders

269 - L.O Cooler Dran 254 - Extra Distance Piece Vent

280 - L O Filter Outlet 296 ~ Sweet Gas Inlet

281 - L.O Clartier Skid Inlet 267 ~ Rod Packing Vent

282 - L.O Claritier Skid Outiet 279 - Starting Air Tank Dran
m_Lo.cuMMOuM 302 - Aur Inlet ~ Barring Device

2903 - L O Hester Steam Iniet 308 - Swart Air Module Outiet

294 - L O Meater Steam Outle 300 - Aur Dryer Inlet

300 - LO Inlet to Filter 310 - Start A Tank Outiet

311 - L O Sump Tank Dran 312 ~ Awr Intake — Intake Silencer

9-2
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Piping Connection Numbers (cont'd)

\TEM

100 ~
101 -
102 -

103 -

10 -
n2 -
116 -
"7 -
18 -

21 -
126 -
130 ~
131 -
133 -
137 ~
138 ~

185 -
187 ~

192 -
194 -

3 -

ATER T

Fresh Water Pump Suction

Fresh Water Pump Discharge

Salt Water Pump Suction Marine
Raw Water Pump Suction = Stationary
Salt Water Pump Discharge — Marine
Raw Water Pump Discharge — Stationary
Jacket Water Vent

Emergency Circulating Water - Inlet
Fresh Water Inlet to Engine Manitold
Jacket Water Manifold Outlet

Thrust Bearing Water Outiet

Bilge Pump Suction

Biige Pump Discharge

Ses Water Discharge

Surge Tank Connection from [ank

Fill Line — Water System

Circulating Water Outlet - Supercharger
Cooling Water Vent - Superchar ger
Alt Cooling Water Vent

Bilge Pump Priming Connection

[hrust Bearing Water Inlet

Water Iniet ~ Lube Oil Cooler
Thermostatic Valve — Inlet

Jacket Water Outlet to Cooler
Emergency Circulating Water OQutlet
Emergency Sea Water Inlet

Jacket Sea Water Inlet

Jacke! Sea Water Outlet

Jacket Water Outlet By Pass

Water By Pass Inlet

. Water inlet Compressor
. Water Outiet Compressor

Raw Water Inlet ~ Turbo Water Cooler
Raw Water Outiet ~ Turbo Water Cooler
Water Outlet — Lube Ol Cooler

Water Inlet ~ Intercooler

Water Outlet ~ Intercooler

Raw Water Inlet

water inlet Turbocharger

Cooling Water from Compressor L.O. Cooler
Jacket Water Drain & Fill Conn

Intercooler Pump Suction

JW Standpipe Overflow to Aux Surge Tank
Return 10 JW Standpipe from Aux Surge Tank
Cylinder Block Dran

Cooling Water to Radiator

Cooling Water from Radiator

Sea Water to Cooler

Sea Water from Cooler

Dran. Compressor Water Supply Pipe

JW. Skid Inlet

JW. Skid Outlet

Raw Water Pump Outlet

Raw Water - LO. Cooler Inlet

Raw Water — L.O Cooler Qutlet

Raw Water - JW Cooler Inlet

Raw Water — J W. Cooler OQutiet

Raw Water — Discharge

Governor ~ L.O. Conler Watz, inlet
Governor ~ L.O. Cooler Water Outlet

JW. Dran

Sieam Condensate Outlet

'@  Instruction Manual

9-3

w_— THERMOMETERS, ETC.
111 — Fresh Water Alarm
118 -~ Lube Oil Alarm

127 ~ Sea Water Alarm Contact Connector

129 - Lube Oil Alarm ~ Supercharger

132 - Water Temp. Alarm - Supercharger
136 - Thermocouple 10 Instrument Board
139 - Lube Ol Pressure Gage Connection

140 ~ Jecket Water Circ. Pump Discharge
Pressure Gage Connection

141 -~ Lube Oil Pressure Switch Connection
Thermometer

142 ~ ~ Lube Oil 10 Engine

143 ~ Lubou'rmnoc.w!m-

144 - uummo.'cmmtm—s.mmp
145 - Intake Manifold Pressure Manometer

146 - Fuel Oil Pressure Gage Connection

147 - Conduit Terminal 10 Alarm

150 ~ Jacket Water Inlet Thermometer

151 ~ Jacket Water Outlet Thermometer

172 ~ Pilot House Remote Control Inlet (Astern)
173 - Pilot House Remote Control Inlet (Ahead!
174 - Pilot House Governor Control Inlet (Slow)
176 ~ Pilot House Governor Control Inlet (Fast)

177 - Pilot House Governor Control (Speed)

195 ~ Lube Oil Temp Gage

306 - Fuel Oil Inlet — Aux Module

306 -~ Fuel Oil Drip Return - Aux Module

307 - Fuel Oil Drip Tank Drain

ITEM. POWER GAS CONNECTIONS

216 ~ Pre-Lube Pump Motor Inlet

217 ~ Pre Lube Pump Motor Qutlet

222 - Pre Lube Purmp Motor Intet (Compressor)

223 - Pre Lube Pump Motor Outlet (Compressor)
ITEM HY NNECT!

201 - Hydraulic Connections

202 ~ Mydraulic Pump Discharge

233 - Expansion Tank Gas Supply

234 - Expansion Tank Relie! Vaive Outlet
235 - Bieed Line Return to Expansion Tank
237 - Hydrauhc Pump Discharge (Comoressor )
240 - MWydraulic Pump Rele! Valve Discharge
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Piping Symbols

e ——————————

TEMPE RATURE SWITCH

PLUG VALVE

DIRECTION OF FLOW

MANOMETER e PRESSURE REDUCER LEVEL GAUGE
PRESSURE SWITCH D<) oatevALvE PLUGGED
DAL THERMOMETER m GLOBE VALVE STRAINER

SIGHT FLOW GAUGE

a

BUTTERFLY VALVE
(Tignt Sealing Type)

WELD REDUCER

@ ® =R =&

ENGINE SHUT DOWN

|

CHECK VALVE —3 SCREWED CAP AND
PRESSURE SWITCH ks
PYROMETER STOP COCK 4l union

PRESSURE SHUT DOWN ELEMENT

| ® |17

SAFETY OR RELIEF
VALVE

—J) werocar

®¥ =

TEMPE RATURE CONNECTION ~
Requires =" halt coupling for all o
Ihermormaeters and separable socket
thermomete: wells and n' hal! couplings
for temperature switches, etc (Fieia

Jocate as direcied by owner )

¢

PRESSURE CONNECTION —|
Requires '’ coupling, nipple,
stop cock, ' x W' bushing
and W plug. (Field locate

m LEVEL SWITCH

as directed Dy owner.)

STRAINER ¥

SOLENOID VALVE

TEMPE RATURE SHUT DOWN
ELEMENT

DRESSE R COUPLING

ELECTRIC wiRING

ok
=

EXPANSION JOINT

CAPILLARY TUBING

ORIFICE

BLIND FLANGE

ALARM CIRCUIT

!

THERMOMETER

PRESSURE GAUGE

METER

oK

FLOAT VALVE

® TEMPERATURE GAUGE
=

FLOAT SWITCH

OIAPHRAGM CONTROL
VALVE

a3

THERMOSTATIC TEMP.
CONTROL VALVE

This form same as
Form D 4313
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Electrical Schematic Symbols
[_Symbol | Device I ~ Device Symbo! Device
SWITCHES — General SELECTORS Time Delay Relay Coil -
e /o J Normally Closed Slow Operating Type -
// Disconnect (2 pole) Manual On energization, con:
) Normally Open "@‘““ tacts change state after
p ) Manual delay and reset imme-
05 diately on de-energiza:
- Circuit Breaker (2 pole) Normally Open
o) ° . ‘l Held Closed tion. (5 sec. shown)
Normally Closed Time Delay Relay Coil -
\. Normally Open
: < _— ’-)"' Held Open Slow Release Type - on
Normally Closed Limit —;.L;— ;::‘ P::;:?: change state immediate
Held Closed Limit s 1o Center ly and reset atter delay

on de-energization

_®ﬂ: w | energization, contacts

Held Oo.ﬂ Limat

e Three Position 2 Slow Operating Normal-
Normally Open Sl e™™ | Maintained Position T ly Open Energized
Liquid Level P (shown in Hand position) Contact
Normally Closed PUSHBUTTONS | Slow Operating Normal
Liquid Level ty Closed Energized

:I; Normally Open Contact
Normaily Open Normally Closed
Pressure ala v ‘T’ Slow Release Normally

! oTe Normally Closed, Held . | Open Energized Contact

Normally Closed o”n
s T Slow Release Normally
Normally Open o T Multiple Contacts, ‘émf""ﬂ"‘d
Ditferential Pressure a " & Mechanically Connected l

a.a OTHER COILS
Normally Closed CONDUCTORS
Differential Pressure P - J\p Solenod
Dual Contact Connected
Ditferential Pressure RELAYS % %

Normaily Open
Temperature

Normally Closed
Temperature

b

Relay Coil — numbers
10 right of ladder indi-
cate contact locations -
normally closed con-
tacts are underlined

Overload, Thermal

Normally Open
Thermostatic =
Adjustable

Normaily Open contact

Normally Closed contact

Normally Closed
Thermostatic =
Adjustable

Normally Open
Flow

ﬁﬂi\i‘\i‘i "Ii}@i@%@i[}il}iﬂo{!\{é

Normally Closed
Flow

Latch/Reset Relay Cotl -
numbers indicate Con-
tact locations, normally
closed contacts under-
lined
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Electrical Schematic Symbols (cont_'d)_

Symbol Device " Device
L
A\ | Rnheoswat
B ™ | o Fuse
S |
—Cﬂ— Horn
* # + Terminals
Alarm Bel!
9>— } Plug & Receptacie - .
.—G \ Line Plug
T former
@ [ Receptacle M ap—
|
—‘e_ F ixed Capacitor Magnetic Pick Up
ke | With Shield
._Ae—— t. djustable Capacitor
% —@— Motor, AC
” i Dioce
J_— } Earth Ground
erm J Chassis Ground
|
R | uame
’ ]
O Motor Starter or
Contactor
—{@'—— Motor, DC
L
@& -+4+--@® ‘ Remote Location
AN Resistor
e ®— | Adjustable Resistor
—'i\' Potentiometer
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Valve Symbols
-
TWO POSITION VALV ACTUATOR) _ACTUATORS
Basic two position Spring return

-r Two way, two postion Marusl push actuator
.' ols Three way, two position Manual pull actuator

: S{ Four way, two position Detented manual actustor
A ‘ H Five way, two position Pressure actuator

THREE POSITION VALVE (W/O ACT ATOR)
Solenowd actuator

vy
™
~{u]
"
| out _—
P
w{s
v
F
L
T

Basic three position
ee— s Vibration sctuator
.-
<1y 111 Three way, closed center, three position
— Flow actuator
[ K-‘ Three way, open center, three position
11 1
R — Liquid level actuator
+ 4l 1 Four way, closed center, three position
1 ( i e Temperature actustor
1 F'{ - Four way, open center. three postion
1 Actustors (there may be one or two) are shown attached
B 10 either end of velve symbol
2 Valve symbols are always shown in non-actuated, | e
rvr I Five way, Open center, three position “Normael, relaxed” condition
1 o
S o - 3. The tube or pipe cONNections 1o the valve are considered
T 10 be immoveable, while the internal passage blocks are
X Five way, closed center, three position mentally shifted between the external connections 1o
1 L1l visualize valve action
EXAMPLES
/\ L t 111 ' Three-way valve, two DOSItION, Pressure actuated, spring return
Output
3 ’ Valve connected normally closed (supply shut off when no pilot pressure exists)
11 Note output is connected 10 exhaust
E xhaust Supoly pressure
Output
- Valve shown with pilot pressure applied (actuated). Supply 18 Now connected 10 outpu!
ﬁ‘ ' Pilot and exhaust is blocked Note that connections have not moved, and valve body s shifted
LLLY 10 the left, causing the right passage block to come beneath the connections Also note
' Exhaust® = Supply this view will DOt Show UP 0N drawings
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Pneumatic Contro! Device Symbols

- - I
. Tubing connections
"—'1—" Connected Preumatic F lag Indicator
g._l. t—q Not connected
WA | oy mewin e
Pressure Switch Pneumatic Indicator,

Spring Return Type,
With Position Lock

%

Ditterential Pressure
Switch

Pressure Regulator with
Pressure Gauge

HX

Manually Operated
Two way Valve ~
normally open uniess
otherwise indicated

Filter

Manually Operated

Filter-Regulator with

Manometer, U type

D‘é 'ij Three way vaive ’ﬁ‘ Pressure Gauge
Single Acting Pneumatic
Shuttle Valve Cylinder — Spring Extended
Pressure Retracts Piston
Single Acting Preumatic
Pressure Relie! Valve Cylinder - Spring Retracted
Pressure E xtends Piston
Pr Gauge
Pilot Operated Two way ’—_@ —
Valve - normally closed
uniess otherwise indicated m Ditterentisl Premure G
"@ :E Duplex Pressure Gauge

o

Bulkhead Termination

-

Capped Test Tee
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Pneumatic Logic Element Symbols

8-9

Device

Symbo!

Device

=

AND

Pressure Hows trom port 8 to port C
when thers i presmirs ot A and B "
MAGI-M.C-.M
vent through internal axheust port
With 60 psi supply ot B, slement wnap
muuﬂncmnnnm
(rypeca!)

ACCUMULATOR

A fined volume chamber used o Liming
purposss  Commonly used in comunction
with an orifice. the sccumuiator is Hiled
Dy & Matersd prassure 10 delay Of dampen
cireuit functions

OoR

Prossure Hows from port A 10 port C. o

trom port B 10 port C when there s

oromsure 8t A or B Withou! pressure ot

:MA«l,mumm'm
w8

MEMORY

Prossure fiows from 8 10 C /f A i pres
surized By pressurizing then blocking
A B 10 C How is manianed because
some port C pressure biseds back to port
A 10 Overcome prewsure leskage | any
11 port A vents completely port C vents
through nternel exhaust port

NOT

Prossure flows from port 8 to pont C
encapt whan there 1t prassure ot port A
With pressure ot A C vents through
internal exhaust port  Element snep
acting ot 40 ps 1wng and 20 pu falling
(typical)

I RE I I

NOT With Plugged Exhaust Pertorms
NOT function as sbove, but sxhaust port
W Diock e Promure Hows from B 10 C
axcept when there is pressure ot A with
muﬁ.mnﬂcﬂmlnc
#1008, but C does not vent  Pressure
retained downstreem of C

Tim &

TIMER

Provedes iming with siow Ofesu’e e
trom 0 08 10 7 5 swconds sdjustable
With soply pressure ot A slow nung
pressure a1 C. resching tull prassure when
deiay compieted  Without prevsure et A
C vanty through interngl exhaust port

SET/RESET - MEMORY

Common conliguation of Set Aeser and
Memory slementy combined 10 conver!
momentary (npul wgnals 10 maintaned
outputs Prossure input 81 port C o §/R
“m'mnwuoﬂm
which tiows 10 port A of MEM slement
WMI.UQAQOMIM.WM
mmmwnwuwm
port C of MEM When pressuce removed
from port C of §/R slement, presure
remains trapped batween port B of /R
ond port A of MEM  Pressure tow from
port B of MEM 10 pert € of MEM con
tinues despite loss of S/F input wana!
With no pressure a1 port C of §/R siement
Prevsure sODHO 81 port A of /R pement
couses Drevsure batween port B of S/R
ond port A of MEM 10 exhaust thiough
port C of SR With no pressure 81 port
A of MEM no pressure ow from port 8
1o port C of MEM

DELAY

With pressure a1 B only no pressure flow
from B 10 C When pressure spplied 1o
A, How permities from B to C shrer time
deisy  Outpu! deley adiustable from
008 10 75 weonds Ports A and B some
1mes cOnnECIed 10 COMMOon wurce 10!
1ume deley oulput functions

CHECK VALVE

Parmits one way pressuse How from port
8 10 common output pors A and C Pre
mmm"“ trom common
pornAend Cro 8

TIMERNOT

With pressure 8t poct B oniy, pressure
Hows from port § 10 port C When
Pressure % ppied 10 port A pressure
fiow from port B 1o port C s terminated
atter detey  Output termination time
adjustable from 0 0B 10 7 & weonds.
Ports A and B sometimes connected 1o
common source for Bngle Iho! Pulse
output

ORIFICE

Provides & restrichion Detween two D8 1y
of 8 cirguit  With pressure spoied 10
common ports A and C pressure o
metered through orfee 1o port 1]
Oritice wize 18 indicated on drawing

DIFFERENTIATOR

With pressure 8t ingut port B there i s
ungle 1hot ouipu! puise from port C
Pulse output duration » B0 mesc

PARALLEL ORIFICE/CHECK
Combines tunctions of orifice and check
velve in parsiiel  WIth Dresiu’e s ed &
common nput ports A and C pressure o
metered through orties portion of the
sloment 10 port B Whan presure
venieg upstreem of commaon nputy A
ond C_pressure ot port B exhauit auikly
theough chack valve porion of the sle
ment  Orifiee wie indicated on drawng

SET/RESEY

Prassure tiow trom port C to port B will
st plament  Pressure output o1 port 8
remaims (rapped when input 8t port €
omoved Pressure spphed ot port A
causes pressire 8t port B 10 exhaust
ihrough port C  Prassure ot port C over

rudes prossure 81 port A BOH pressuies
Present at the seme (e

SERIES ORIFICE/CHECK

Combings tunction of ot and (e
valve in weries Wilh Diestur e abp e 4
POt B prossure pasied thiough checs

vaive and s matared through o e 1o
common outpu! orts A and C The

Chach vaive POTHON of the slement pre
vanty prosture How from pors A gnd C

10 0ot B Ontice wie ndesied on drawing

e
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LONG ISLAND LIGHTING COMPANY

‘m SHOREHAM NUCLEAR POWER STATION

P.O. BOX 618, NORTH COUNTRY ROAD » WADING RIVER, N.Y. 11782

Direct Dial Number
April 27, 1984 TDI-20

H. R. Denton, Director
Office of Nuclear Reactor Regulation

U. S. Nuclear Regulatory Commission m
Washington, D. C. 20555 5’0— 44/
Dear Mr. Denton:

Your letter of February 28, 1984 requested certain information
relating to the TDI Diesels from the TDI Owners' Group, the majority
of which have been responded to. The last request outstanding from
this letter is for a copy of the Engine Instruction Manual for each
cof the TDI Owners' Group Diesel Engines.

Accordingly, enclosed please find one copy each of the TDI Engine
Instruction Manual for all TDI Owners' Group Diesel Engines with the
exception of River Bend (Gulf States Utilities). We are attempting
to obtain the Instruction Manual for this plant and will forward it
to NRC on receipt. This manual is presently under revision and the
copy which will be forwarded to NRC will not incorporate all changes.

As indicated on the cover of the Shoreham Instruction Manual, that
document is also being revised and does not incorporate all changes.
Please note that these engine manuals are continually revised to
incorporate TDI recommended changes as well as utility modifications.

Very truly yours,

‘

o Wb,y

Technica) Program Director
TDI Diesel Generator Owners' Group

enclosure
RA/vE

ce: C. Berlinger

R, Caruso '
W. Laity (Battelle Pacific
Northwest Lab.)

T, oo Ly A



