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J
s ENGINE DATA

DSRV-16-4MODEL ........................
75051-2814, 75052-2815,SERIAL NUMBERS ...............
75053-2816 75054-2817

DIESELFUEL .........................
NUCLEAR STANOBYSTATIONARYTYPE INSTALLATION -

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

45* VEECONFIGURATION ................
16NUMBER OF CYLIDERS ..........

17 IN.BORE .........................
21 INSTROKE ....................... .

FOURCYCLES .......................
224 PSIBMEP .........................

9717HORSEPOWER ...................
|

450RATED SPEED ..................
CLOCKWISE (VIEWED FROM FLYWHEEL END)ROTATION .....................

PILOT AIR - GEAR DRIVEN DISTRIBUTORSSTARTING SYSTEM ..............

1L-8R-4L-5R-7L-2R-3L-6R-FIRING ORDER .................
* BL-1R-5L-4R-2L-7R-6L-3R

76.266 CU-IN.TOTAL DISPLACEMENT ...........

70 IN. iFLYWHEEL DIAMETER ............

LEFT BANK 22' (13.439 IN.). RIGHTFUEL INJECTION TIMING ........

BANK 21* (12.828 IN.) BEFORE TOP
DEAD CENTER

SEE ENGINE NAMEPLATCSFUEL INJECTION PUMP RACK .....

37.0 MM (75051 & 75052)
38.0uMM (75053 & 75054)

N/A (HYDRAULIC VALVE LIFTERS)VALVE CLEARANCE ..............
|

NOTES: REFER TO ENGINE NAMEPLATES FOR FIRING ORDER AND FUEL PUMP |

IRACK SETTINGS AT FULL LOAD.
|

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

REFER TO APPENDIX X FOR COPIES OF THE FACTORY TEST LOGS.
AND A SUMMARY OF FACTORY TEST RESULTS

11-
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GUARANTEE

Unless otherwise specifically stated, all machinery and equipment purchased hereunder is subject to the following
Transamerica Delaval Inc., Engine and Compressor Division (hereinafter called Company) warrants that

machinery and equipment manufactured by Company and fumished and delivered to the Purchaser hereunder shall
warranty:

be of the kind and quality described in the Company's specifications, and no other warranty or guaranty except off il
title is made or shall be implied if any part of said machinery and equipment thus manuf actured by the Company a s
because of defective workmanship or material within one year from the date of starting the engine after delivery,but
not exceeding fifteen months from the date of shipment, the Company will, provided such machinery and equipment
has been used for the purpose and in the manner intended and the Company's examination shall disclose to its satis-
faction that such parts are defective, replace such defective parts free of charge, f.o.b. cars at its warehouse in Oakland,
California, but the Company will not be liable for repairs or alterations unless the same are made with its written con-
sent or approval. The Company will not be liable for damages or delays caused by such defective material or work.
manship, and it is ayeed that the Company's liability under all guaranties or warranties, either express or implied, is
expressly limited to the replacing of parts failing through defective workmanship or material within the times and in
the manner aforesaid. Parts claimed to be defective are 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-
f actured by the Company as they are sold under the regular warranties of the respective manuf acturers, copies of
which will be furnished if requested. All warranties and guaranties as to efficiency and capacity are based upon shop
tests when operating under specified conditions, but do not apply to any condition varying from the foregoing. The
liability of the Company (except as to titlej arising out of the supplying of said machinery or equipment or its use,

%

whether on warranties or otherwise, shall not in any case exceed the cost of correcting defects in the machinery or
equipment as herein provided, and upon the expiration of said warranty, as herein provided, aff such liabihty 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 to a particular installation, location,
or operating condition, as long as such modification exceeds Purchaser's design specifications. The Company cannot
be responsible for including improvements made af ter start of production on Purchaser's equipment.
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SECTION 1

INTRODUCTION

PURPOSE.
The purpose of this Instruction Manual is to assist the owner and operating personnel in the operation,
maintenance, adjustment, 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 arise which are not answered specifically by these instructions, they should be referred to
Customer Service Department. Transamerica Def avallnc., Engine and Compressor Division for f urther detailed
information and technical assistance. The name Transamerica Delaval, as used in this manual, shall be taken to
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 etfort is madeto preparethetext of the manualso
that engineering and design data is transformed to the most easily understood wording Transamerica Delaval.
in furnishing this equipment, must presume that the operating and maintenance personnel assigned thereto
have sufficient technical knowledge to apply sound safety and operational practices which may not be other-
wise covered herein. In applications where Transamerica Delaval equipment is to be integrated with a process
or other machinery,these instructions should be thoroughly reviewed to determine the proper integration of the/] equipment into the overall plant operational procedures.'

/

RELATED MANUALS.
In addition to this Instruction Manual, a Parts Manual and an Associated Publications Manual are norma \ly
provided The contents of these manuals is as foHows

The Parts Manual contains engine specifications, assembly parts lists and assembly drawingsa
instructions are provided to assist in the ordenng of spare and replacement parts The assembly drawings are
intended to assist in the identification of parts, however,it is recommended that the part numbers appearing on
these drawings not be used when ordering parts Rather, use the part numbers shown onthe appropriate group
parts list

The Associated Pubhcations Manualis a compilation of manuf acturer's bulletins, forms. instructions,b-

drawings, etc., which are applicable to components and equipment which is f urnished with the engine. but not
manufactured by the Engine and Compressor Division. The contents are indexed, both alphabeticaffy by
manufacturer's name, and numerically by Transamerica Delavalpart number Completeinstructions for using
the manual are contained in the manual

CUSTOMER ASSISTANCE.
Transamenca Delaval maintains a statt of factory trained customer service personnel who are available atit is recom.
nominal rates to assist or advise in the installation, overhaul or repair of Enterprise machinery
mended that one of these customer service representatives be requested when extensive repairs are being
made on the equipment If assistance is required. write or wire the Engine and Comptessor Division. Customer
Service Department, furnishing complete information, including all senal numbers

,f S
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NOTES, CAUTIONS AND WARNINGS.

Notes, cautions and warnings, as used in this manual are intended to convey the following meanings

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

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

c. WARNINGS - Operatungprocedures practices, etc.. which couldresult on onjury or possible loss oflote
of 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 maintenance personnel should be fully aware of the potential hazards that are
present during the operation and maintenance of any large, med;um speed, internal combustion engine. These
hazards encompass many areas - rotating machinery, temperatures, pressures, handling of heavy weights,
flammable liquids, slippery surfaces, and an environment of high nose levels. This Instruction Manual should not
be considered allinclusive in the area of safety, but rather as but one source of information for the formulation of
a comprehensive plant safety program. Specific safety precautions in the form of cautions and warn 6ngs are
given throughout this manual for specific conditions and situations. In addition, general precautions are
provided in Section 4 for operation of the equipment, and in the beginning of Section 6 for overhaul and repair
activities. Safety programs, to be effective, must be the concern of all levels of management as well as the

O individual worker. Transamenca Delaval will be pleased to advise on any specific situations which are not
considered to be adequately covered by these instructions.

WORKING PRINCIPLE.

Transamerica Delaval Enterpnse 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.

U.'d,'dId TY 7 ,,00. E' m Z Id
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Fogure 1-1. Doagram of Working Princople

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

O stroke to scavange the cylinder of any unburned gases from the previous power stroke Combustion air enters
the cylinder from the turbocharger under pressure
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_ _ _ _ _ _ _ _ _ _ _ _



. _ _ - --- _. - . . . . _

- -
. - - - . - - . - .

..

1-3
Instruction Manual

1
(

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 to well above the ignition

b.

temperature of the essel fuel Just before the piston reaches top center,6esel fuelis injected into the combus-
tion chamber by a nozzle which stomizes the fuel and sprsys it in a patternthat will achieve optimum combustion
efficiency. The host of compress.on ignites the fuel.

c. POWER STROKE - The burning fuel-air mixture expands and forces the piston downward. This
downward thrust transmits power through the connecting rod to the crankshaft. causing itto rotate. Towards the
and of the power stroke the exhaust valve opens and exhaust gases start to leave the cylinder,

i

e so e ntakeval eo ns

i a st a I der ng p s

OENERAL 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 tubricaten and mechanical'.

fuel injection are features of the engine. Individual fuel injection pumps are provided for each cylinder and, as
they are of standard design, are interchangeable. The fuellines are of equallength and are relatively short,
reducing line surge to a minimum. Fuel pumps, nozzles and orifice size and angle ere all caref ully matched to the
engine and the fuel to be used to give a maximum thermal efficiency. Engine rotation and cylinder bank
designations are determined while f acing the engine at the ftywheel end. Number one cylinders are always the
pair f arthest from the flywheel end.
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SECTION 2

INSTALLATION

GENEftAL. i d in this section of

As the instalbrion requirements for an enyne may very from site to site, the instructions conta neact prowdure for a specific site.h

the manuel are representative of a typical installation and not newsaerify t e exCertified installation and foundation drowings are furnished to each customer whit.hdetail the dimensions and

. Installetion requitwnents for that partiwler unit.
'

d Carelessness in locatingFOUNDATION DRAWING.

The foundation drawing will be accurately dimersioned and must be carefully observe . foundation bolts, pipes, conduits and drains will muss difficulty during installation and alignment of the unit. It is

essential that the foundation be constructed to the highest standards of aesmaracy.
,

INSTALLATION OflAWING. l intenance

The installation drawing details the measurwnents for machinery location, distances required f or norma madrawing will indicate the location and
tasks and the overhead cienrances newssary for piston removal. In addition,theh i s
size of connection points for pipes and the electrical requirmonts for alarm and control mec on sm .

SYSTEM SCHEMATIC DRAWINGS. ll therecommended
Electrical and flow diagrams are f urnished f or the various systems. Flow diagrams describe graphica yh i imum pipe sizes.

system for interconnecting the various items of equipment in that particular circuit, as well as t e m n

HANDLING AND SHIPMENT. during shipment

Care must be exercised to avoid demoge during the handling of the engine and associated equipmenti base (where provided) as

and installation. The unit should be lifted only from the lift pods on the side of the eng neindicated on the instellation drawing. When securing the orgine during shipment er other movemen , mt ake sure no

binding stresses are imposed on the engine base or arenkshaft.
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FOUNDATION.
Make a foundation bolt templete, using the certified foundation drawing to determine the location of the equipmentl

mounting bolts. See figure 21 for a suggested method of building the template. Exercise care in locating bo t centers. Place and support the template from the foundation forms. Anchor securely to prevent movement of the template.Insert

Thread foundation bolt into lower nut in pipe sleeve being careful not to damage cap at bottom of nut. foundation bolts and sleeves in holes provided in the template then tighten the upper nuts. Sleeves must be securelyif i
held in correct position to prevent any movement when pouring concrete. A suggested method is to use re n orc ngl h of the engine,

rods welded to each sleeve or on top of each anchor plate in both rows of bolts, running the engtblies to other
and adding "X" bracing between the two rows of bolts. Another suggestion is to tie the bolt assemi before pouring cory
reinforcing rods already in the foundation. Recheck templeto position, alignment and elevat oni be present
crete. It is recommended that a Transamerica Delaval Engine and Compressor Division service representat vef d ith reinforcing steel.
to check bolt layout. The foundation is to be poured monolithic and must be suitably rein orce w
Let concrete set for 10 days before installing equipment, and 30 days bef are running equipment.

MATERI AL: wCODEN PLANKS SECURELY N AtLEO TOGETHER
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SECTION A- Ae

'LAN VisW

Fipure 21. Suggested Foundation Bolt Template

FOUNDATION BOLT ASSEMBLIES.
The foundation bolts are so designed that the anchor studs can be terr.oved from the anchors after the foundationf
has been poured. This permits the engine to be placed over the foundation without any interference or danger oR

damage to the studs. Once the eng.ne is in place, the studs are installed and screwed into the anchor assemblies.;;
j
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PREPARATION FOR INSTALLATION.
Before landing the unit on the foundation, the surfaces of the foundation must be roughened wherever yout is to be
applied. Chip and c9ean as necessary to remove all faltance and foreign matter so that the clean, dry, sharp aggregatek t be
required for a good bond to epoxy yout is exposed. The machined surfaces of the sole plates and choc s mushi d bottom faces
thoroughly cleaned and the leveling screws waxed to prevent their sticking to the yout. The mac nel king screw
of the engine base must also be cleaned thoroughly. Remove engine foundation bolts. Place steel plates at ac
locations, level plates and grout in place.

PLACING ENGINE OVER FO6NDATION.
Position engine over foundation and insert four toe jacks, one at each corner of the engine, inboard of the shippingbe

skids. Il engine is rolled into position, the ends of the lacking screw shields and foundation bolt shields musti this muld

protected to avoid damaging shield ends with the rollers. Do not place jacks in the center of the eng ne ascause damage to the engine base, insure that the combined capacity of the jacks is at least fif ty percent greater than
the total weight of the engine. See Installation Drawing for weights,

Remove shipping skids, thoroughly clean mounting rails and then lower engine to grade. Se sure the
foundation bolt holes in the engine base are mrrectly aligned with the foundation bolt sleeves in the foundation fors.

easy installation of the foundation bolts.

Clean sole plates and chocks with a deysasing type solvent it is recommended that af ter the sole plates
are washed, they be primed with a primer recommended by a yout manuf acturer. Lubricate the threads of the lacking

b.

saews with a mixture of powdered paphite and engine lubricating oil. The lower end of theladting screws should be
coated with wax to prevent the epoxy grout material f rom binding to the screws,

Place sole plates and chocks in position under the engine as shown in the foundation drawing. Install soleh lder at

plate retainers on the front and rear sole plates, making sure the sole plates are forced tightly against the s ou
c.

the inner edge of the engine mounting rails.

Lubricate lower threads of the foundation bolts with standard paphite and oil mixture, install bolts in
sleeves and screw firmly into the threads at the bottom of the sleeve. Lubricate threads at the upper end of foundation

d.

b lt
. bolts with oil and ysphite powder then place washers and nuts on o s. *

Level and align the engine. Refer to Section 6, Part D of this manus' for the method of taking crankshaftl j king
web deflection measurements. Record web deflection measurements on Form D 1063. Insure that all sole p ate ac

e.

screws are so adsusted as to distribute the weight evenly on all sole plates.When leveling and alignment is satisfactory,
snug down the foundation bolt nuts to prevent movemer t of the engine during installation of the driven equipment

i and youting.

E..
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MOUNTING FLYWHEEL AND CONNECTING SHAFT. .

|

Carefully clean and de burr the bores and mating surfaces of the flywhcel, the crankshaft flange and thei

connecting flange. Dirt or burrs will cause misalignment between the crankshaft and the connecting shaft The
mating surf aces of the flywheel and the flange must be free of alllubrication. Maximum friction is required for
power transmission.

Apply a thin coat of preservative to the mating surf aces of the flywheel and the flange, then mount the
flywheel on the engine crankshaft flange. Make sure no dirt is allowed between the mating surf aces while the

a.

flywheel is being mounted. Installthree retaining plates (see figure 2 2) and draw the flywheel up on the flange
until it is seated

Bring the Connecting shaft into position,

/{/E%
b

alsgn the half-inch locating hole in the connecting -t gigf
shaft flange with the locating hole in the flywheel and

,

3:

move the connecting shait into engagement with the - - -

flywheel. Keep dirt from entenng the mating area. S m -

Use two long one or one and one-quarter inch -{ -)
diameter temporary bolts with washers and nuts to N.] .draw the connecting shaft to the flywheel untilit is -

Check with feeler gauges between face of ~*
seated
connecting shaft flange and flywheet to be sure the

--g; ' ; ;.;,. .. .."

flange is fully seated and square with the flywheel.
.

, ,

!

k4
-

.. .

-%''**

Special tapered aligning dowels and a
-

.=== Dc. F'Nj flywheel bott teamer are availabie from the
._

AxxxD %*N:".L. ,
Transamerica Delaval Engine and Compressor

,.

Division Service Department for use in aligning and
. . . . .

:

fitting the flywheel bolts. Lubricate the two aligning
, , , , , , , ,

I,'"''"

dowels with a thin coat of anti seizelubricantthentap *

them into two opposite flywheel bolt holes, aligning
the bolt holes with those of the shaft flanges Do nof . . . . .
dove dowels up hard. Ream two flywheel bolt holes
With the special teamer and measure diameter of Fogure 2-2. FlywheelMountingteamed hole to the nearest 0.0005 inch,
and compare diameter of teamed hole with diameter
of bolt- Reamed holes should be approximately

0 0005 inch targer than the bolts to affow for an easy tap fst. Do not dnve lhe bolts on with a stedge, hydraulac tamCoat bolts with an anti-seize lubricant and fit into reamed holes. Lubncate threads with powdered*

graphite and engine oil, assemble nuts on bolts and draw up tight. Remove two temporary bolts and aligningor Jack.

dowels and fit remaining bolts. Torque all bolts to the torque specified in Appendix IV.

)iv
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,, lGROUTING.
ChecU alignment of crankshaf t, ttM align driven equipment. Tighten foundation bolts on driven equipmerit moderate yRecord arenkshaft deffections on

with Jacking screws in place, then recheck entire shriment including crankshaf t. Form D 7063. Crankahaft Afiriment #ecord. Engine and Compressor Division service representative mtst be present
to supervise alignment prococares.

|
Pour and vibrate the yout under the engine and driven equipment. It is recommended that a representativel d in accordance with

of the yout supplier be present at the installation to be sure that grout is prepared and p ace
a.

g'
specifications Do not fill bolt shield holes with yout. b

After yout has cured, back off the sole plate jacking screws se turn each and Iorque the foundation bolts&, using the same criss-crossb.
to the specified value. Snug all bolts in a criss cross pattern, then apply a light forque to esl e is reached.
pattern. Continue applying torque in increments and in the same pettam until the final torque va u

,

.

h

b
o
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MMNG SYSTERS.
Trensemetica Delevel Engine end Compressor Division fumishu suitable piping dierams to the purchaser or his desigid in the
apnt, recommending minimum pipe slaes for all service lines in addition, the following should be observe

*

fabrication and installation of piping not furnished with the unit, but procured from other sources.

P6 ping must never cause deflection in the mounting of reciprocating or rotating sumiliary equipment.nots.
should heavy auxiliary equipment ever be supported by service piping.,

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

Otill rings should not be used in welded pipe joints as they tend to retain scale, weldmg slag and beads
c.

g which con come loose as the pipe becomes hot during operation.

TREATMENT OF MMNG.
It is strongly recommended by Transemerica Delevel Engine and Compressor Division that all lubricating oil and fuel
ps system piping be pickled by a company specializing in this kind of work. Such a company will have the necessary
equipment and possess the technit,el knowledy to completely clean and propere the pipe for service. Piping which isfurnished by Transamerice Delevel Engine and Compressor Division with the unit will have been pickled at the time of
fabrication. All piping procured f rom other sources should be pickled and prepared as follows:

AccsesiWe welds inside carbon stool pipes and fittings must be visibly inspected and the weldingbeadsl

yound off. All fenricated steel pipes, velves and fittings must be blown clean with steem or air to remove loose sca e,
a.

sand and welding heads, and be cleaned by the following procedure before the pickling process.

Wirewrush the entire surface, including the interior with boiler tube brushes or a commercial pipe
(1)

cleaning apparatus, then West thorou$ly with air to remove loose porticles.

Depending on the doyee of contamination, submerge parts for 15 minutes or longer in a solution
,

containing seven to ten ounces of enhydrous trisodium phosphate or sodium hydroxide and one ounce of detergent,
(2)

Military Specification MIL-D-16791 to one pilon of water et 200* F (93.3' C) to insure complete removal of paint
and yeese.

Rinse parts in worm, fresh water at 120' F (48.0 C) to propere them for the acid treatment.
0

(3)

Pickle fabricated terbon steel pipes and fittings by submerging them for 30 to 45 minutes in anI

acid both containing one port of sulphuric acid,86* Baume to 15 ports fresh weter, supplemented with an inhibitor.
(4)

The acid both treast be meintained at a terrperature between 160 F (71.1' C) and 186* F (82.2' C).While the parts
8

are submerged, agitate the both. At the end of the pickling procedure, rinse ports in warm, fresh water. After the
rinse the parts must be momentarily submeryd in a cooling solution containing four ounces of sodium carbonate
por pilon of water, then rinsed in cold fresh water and dried by air blest.

Immediately following pickling andrinsing. cost both the inside and the outside of the f abricated steel
pipes and fittings with a rust and corrosion preventive compound and seal the ends to prevent entry of dirt. The

b.

compound must be soluWe in the lubricating oil that will be t: sed, and compatible with it so as not to contammateg l the
the oil. Ordinary lubriceting oil will not prevent rust in the pipes. Mechanical cieening will not completely c ean>

y pipes, therefore, this method is not acceptable. Apply the compound by spraying or floodmg the pipes-swabbmg
3 with rags or mops will leave Imt.

Note
The above procedure is a minimum requirement to produce acceptable clean piping Substat.ste

'

methods may produce pipes and fittings of equel or better cleanimess.i

'

i
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JACKET WATER SYSTEM.

The jocket water system is individual for each engine. The recommended water treatment is sodium dichromate sodboiler compound. Refer to Section 6 of this manual for the recommended method of treatment. The closed loop jacketh t tic valve to regulate

water system consists of an engine driven jacket water pump to circulate the coolant, a t ermos ajk oler, and a stand-

the temperature of the water by diverting the necessary part of the flow through the ac et water co
'

f i d air. A beater and
pipe to maintain a constant head on the pump and to allow for expansion and bleeding o entra nehile the engine

" keep warm" pump are provided at the standpipe to circulate heated jacket water through the system wis 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 sites and the direction of flow.

,
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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 at connection 276 from the owner's supply source, circulated through the jacketi l ting through
water cooler, and then discharged back to the owner's circuits at connection 277. The raw water,c rcu a

f
the jacket water cooler, removes heat from the jacket water,

>

>
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FUEL 04L SYSTEM. hf l

The fuel system provides the meene for storirg fuelin the day tank, removal from the day tank and delivery to t e uei f this manual"

injection pumps et the cylinders. The fuel oil system piping schematic drawing in the " Drawings sect on oents. Fuel injection

show the pipe sizes, connections, direction of flow and relative location of all mejor componf l l nliness is of the utmost

equipment on the eng:ne is hand lapped to extremely close tolerances, therefore, ue c eaimportance. The fuel system must be kept clean as possible durirg installation and assembly, and should be cleaned
i imize pipe vibration

internally and blown clean before initial start up. All piping must be properly supported to m nbecause of the potential failurei
and flange loading. Flexible connections are not recommended at customer connect onsd to prevent rust. The

hazard during operation. All pipirg must be mechanically cleaned after welding and preservel il booster pump.

day tank should be mounted high mough to provide adequate suction at the engine 4 riven fue o
Drains should be provided at all low points and vents at all high points.
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LUSRICATING OIL SYSTEM.
The lubricating oil system is shown in schematic form on Drawing 00 820-75051.The treatment of piping was discussed
in proceeding paragraphs, and all piping supplied by Delaval Engine and Compressos Division will have been so treated
and preserved. All piping must be properly supported to minimize pipe vibration and flange loading. Flexible couplings
are 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

V

system of the ergine. 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 suf ficient capacity,the" keep warm ** pump,for instance,can be used to pump oil duri,ng the flushing operarion.

$

Flushing should continue for at least eight hours if care was exercised during f abrication of the off. engine piping system.
As much as 24 hours of flushing may be required for a dirty system. While oil is circulated through the system the
pipes should be thoroughly pounded several times with a heavy hammer to loosen dirt and debris. Hot flushing oil will
clean better than cold oil. Piping around the oil cooler requires special attention to insure that the pipes and oil cooler
are properly flushed. Precautions must be taken to insure that testing fiuids, water and other liquids are completelyj
removed before attempting to flush the cooler.y

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 f actory, 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 fitting to
catch debris that may be washed through as the system is flushed. Cover main bearing fittings and open ends of

i

auxiliary header feeders to prevent entry of dirt. Engine oil should be pumped through the open system for at least
6

four hours to be sure that any foreign material remaining in the headers is removed. Reassemble internal tubes and'

brackets as required.

>
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INTAKE SYSTEM.
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
Refer to Drawing 06 805 75051.

just ahead of the turbo &arger air inlet. The air filter protects the working parts of'the engine from the entry of dust.
Filters should be cleaned at regular intervals to maintain adequate protection against abrasion and wear.

.
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EXHAUST SYSTEM.

Each engine is provided with an individual, independent exhaust system. The water lacketed, multi pipe pcssage
manifold discharges directly into the engine mounted turbocharger (s), and the gas then discharges from the turbo-
charger (s) through exhaust piping and a 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 to six bonds are used, the entire pipe should be
increased to the nort 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 to reduce back pressure. A length of flexible metal tubira should be installed in the exhaust line as near
the engine as possible to allow for modstrent, heat expension, and for isolation of vibration. The exhaust line should
be legged to minimize heat radiation in the engine room. A seperate 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.

i
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STARTING AIR SYSTEM.
The required redundancy of the starting air system is accomplished by utilizing two separate systems. Each consistsd
of a motor driven air compressor, an air dryer, an aftercooler and a storage tank. Each storage supply is then pipek l d nstream

to solenoid valves, two for each system, which block air flow until a starting signal is applied. Chec va ves owof the solenoid valves prevent back flow from one system to the other. When a start signal is applied, the solenoid{ i distributors then
valves open, admitting starting air to the interconnected headers on the engine. The two starting a r/ ht ting

send timed pilot signals to the starting air valves in the cylinder heads in the correct sequence and, as eac s ard
air valve opens, starting air is admitted to the combustion chamber of that cylinder, forcing the piston downwar) fl
and rotating the crankshaf t. This system permits the engine to be cranked even though one supply system ai s toi

operate, or if three of the four solenoid valves fail to function. Reference should be made to the starting air pip ng
schematic drawing in the " Drawings" section of this manual for complete details of the system.
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Engine Controls

GENERAL.
The following is a description of the local engine control system and its operation. The system will start, stop, protect,i

ified
operpte and monitor the integrity of the diesel generator in the various modes of operation under guidelines spec

>

by the various regulatory and standards committees.

REFERENCES.
The Associated Publications Manuel contains manufacturer's literature covering the various components of the system,
Of special significance are the ARO Corporation's publications which give a clear, concise explanation of the functions)

d

of the various pneumatic logic elements as well as a parts breakdown and repair procedures. When ordering spare ans

replacement parts for the system, refer to Parts Mmuel for the correct part numbers.
/

DRAWINGS.
The drawings provided with these instructions include system schematics, layouts and connections pertaining to thei diagram
pneumatic logic board assembly, showing the location and orientation of components on the board, the circu tl for a listing
and checkout procedures. Refer to the control panel group parts list 02 500 for 75051 in the Parts Manua'

of the drawings applicable to the system.

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

While in the NORMAL mode the unit will accept a 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-

a.
i

maticaffy. Controls provided by the owner are then used to load the unit onto an energized bus.While running in th s
)

mode, both the speed / load and voltage setpoints are adjustable from either the local or remote location. Provided the
generator circuit breaker is open, the unit can be stopped from either location by momentarily pressing a guarded stop
button.

If an emergency " Start Diesel" signal is generated by the owner's equipment, the unit will start if theil

overspeed and generator differential protection only are permissive, and if panel a-c power is avai%1e. The unit w lb.
'.

come up to speed and voltage as required and a " Ready To Load" signal will be generated for use in the owner si be

sequencing equipment. No other protective device is functional under this condition, and control air need not
available to effect a start.

If the unit is undergoing its periodic " Exercise Test" at the moment a " Start Diesel" signal is received,tor

whether it is starting, running disconnected, running loaded, tripping on a fault other than overspeed or genera
c.

differential, or coasting to a stop, the control system will cause the unit to return to rated speed and voltage, and will
disarm all protection except overspeed and generator differential. The " Ready To Load" signal will be sent to the
sequencer as above.

While running in the emergency state, both speed / load and automatic voltage setpoints are adjustable,fh
either locally or remotely. Every time the engine is shut off, or given an emergency start signal, the setpoint o t e

d.
I at,

governor and the automatic satpoint of the voltage regulator are reset to normal. Fif teen seconds af ter going to normj

p the reset signal is rolessed to allow the operator to control voltage and speed.!

f

!
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PART C - CONTROL SYSTEM (Continued)

If the emergency is corrected, and the maintained " Start Diesel" signal is terminated,the unit will remain
running, and the protective system will automatically return to full opwation. Once this is done, however, it will require

e.

I

the receipt of anothw " Start Diesel" signal from the owner's equipment to disarm the shutdown system again. n
'

addition, a keyed manual start switch is used at the local panel whim will allow only authorized personnel to initiate
a start from the local panel.

Mode selection is accomplished so as to afford maximum protection for the plant and also for maintenance
personnel. If the system is in the INOPER ATIVE mode, only the local operator can place it in the NORM AL mode. If

f. i

'

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, ins

NORMAL mode, the barring device cannot be engaged, while in INOPERATIVE mode it must be disengaged and
locked out in orde to switch to OPER ATION AL mode.

f
PROTECTIVE SYSTEM.

f 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. Handoff contacts
for use with a remote annunciator or mimic display are provided. When running as a result of an emergency start signal,
even though most of the shutdown system is not able to offeet a unit trip, the action of the individual tripping devices
is monitored and displayed on the annunciator so that the operator will be aware when a vital device has acted. Status
lamps, separate from the annunciator, are used to show the condition of the unit as it proceeds through a starting
sequence. The engine starting circuits are duplicated in total, and con receive d c power from two separate conduitD

entries, if desired. Furthw, 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 af ter a start
if certain devices fail, but the balanced design of the engine's air start valves will keep them closed as soon as combus-

4

b
tion occurs.'

PANEL ELECTRICAL CONTROL (See Drawing OgL500 75061).
i

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

ref erenced drawirgl.

Starting circuitry is shown on sheets 3 and 4, Note that there are two redundant circuits, each having a
separate d c poww source. These circuits are physically spaced as far apart as possible on the panel. Solenoid valves

a.
j

SOL 1 A, SOL 18, SOL 2A and SOL 28 are located on the engine, and when energized admit starting air to the starting
j air headers on the engine. They are controlled by relays R4A and R48 during normal or emergency starts.

The redundant " Start Diesel" signal contacts are from the owner's equipment.When either set of contacts
l

'

close, an emergency start is initiated, provided pressure switch PS40A or PS408 is closed, indicating that the unit is
b.

|

in NORMAL rnode, and if Kf is closed (i.e.,if the unit is not running at rated speed), and if pressure switch PS 3A or
PSr58 is closed, indicating at least 160 psi starting air is left in the receivas. These pressure switches are present so that,

i

if for some reason the unit does not fire (valve closed in fuel supply line, for instance), there will be enough starting air
left for several manual starts.

Note that upon appliestion of an emergency " Start Diesel" signal, SOL 6A or SOL 68 becomes energired,
either of which muse the shutdown system to disarm, emospt for overspeed and generator differential. Note also that if

c.

fails to transfer, 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 is done.
K1

)

)
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PART C - CONTROL SYSTEM (Continued)
At a manuel start, either of the switch contacts (local or remoto) shown are closed which causes relay R4A

or R48 to energire for five seconds. The shutdown system deactivating solenoid is not used; instead, solenoid volved.

SOL 3A or SOL 38 is activated by either R4A or R48 whide initiates the shutdown system arming sequence.;

Note that the mode selector must be in NORMAL mode for any of the above to take place. If it is in thes

OPER ATIVE mode, the engine roll button, on the local panel only, is operative. if the borring devia is locked out, thee.
i

pressure switch shown will be closed and the unit con be turned over on starting air without starting, a useful ma nte-s

) nance feature.

When the unit receives a start signal, pressure switch PS 32E closes, latching relays R1 and RI AUX,if PS 9D3A and PS 338
shows the unit not tripped. The Field Flash solenoid valves, SOL 9A and SOL 98 are energized by PS-3

f.
) R4A and

which close when engine speed reaches 200 rpm, or by time delay TDI A or TD1B which are energized by
R4B for a timed period. Note that as in the start circuits, K1 failure will riot prevent field flashing. Time delays TD4
and TDS are present to reset the R1 relays should the unit f ail to achieve ready to load status for any reason.

The two R2 relays shown are responsive to the latching of R1, but there is a 80 second time delay (TD3)
,

before R2 latches. Contacts of R2 and R2A are used to disarm various alarm functions which are normally in a fault
g.'

state when the unit is stopped, starting, or stopping.
>

FUNCTION
NUMSER SETTING

PS 3A, C 150 psi falling Starting Air Admission - Left Bank.

PS 58, C 150 psi falling Starting Air Admission- Right Sank

PS 9A,8, C, D 45 psi rising Unit Tripped

, PS 100,88, E, F 45 psi rising Emergency Start

PS 12A,8 45 psi rising Local Manual Start i

PS 138, D 45 psi rising Barring Device Engaged

PS-14C
45 pel f alling High Temperature Jacket Water Trip

g PS-15C
45 psi falling High Temperature Bearing Trip

PS-16C
45 poi falling High Temperature Lube Oil Trip

'

PS 17C
20 psi rising High Differential Pressure Lube Oil Filter

PS 18C
20 psi rising High Diffetential Pressure Fuel Filter

PS 19C 45 psi f alling Turbochercer Oil Pressure Trip

PS 20C, D 20 pel f alling Turbocharyr Oil Low Pressure

PS 22C
15 pel f alling Low Pressure Jacket Water

PS 230 45 poi rising Locked Out with Delay.

PS 24C
45 psi falling Lube Oil Pressure Trip

PS 25C 45 psi falling Low Pressure Lube Oil

PS-26C
45 psifalling Vibration Trip

PS 27C
45 psi f alling High Pressure Crankcase Trip

PS 28C
20 psi falling Low Pressure Fuel Oil

PS 29C, D 45 psi rising Overspeed Trip

PS 30A,8 45 psi rising Field Flash

PS 31C
45 poi rising DC power available

PS 32A, C, D, E 45 psi rising Starting

PS 33AA,88, A,8, 45 psi rising 200 RPM

C,D,E
PS 34A

45 psi rising Up To Speed

PS 36C D
10 pai felling Fuel Pump /Overspeed Failure

PS 38C
45 pel falling Control Air Pressure

PS 40A,8 45 psi risina inoperative / Normali

Table 3-C 1, Preneure Switches

j
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PART C - CONTROL SYSTEM (Continued)

OPERATED BY
3DLENOID FUNCTION

SOL.1 A Starting Air Mmission R4A

SOL 1B Starting Air Admission R4B

R4A
SOL 2A Starting Air Admission

SOL 2B Starting Air Admission R4B
R4 A, PS 12 A, Remote Start signal

SOL 3A Activate Shutdowns
R48, PS 12B, Remote Start signal

) SOL 38 Activate Shutdowns

SOL 5A Mode Selection Inoperative Mode Selector Switch, PS 13A

SOL 6A Deactivate Shutdowns
Emergency Start signals

SOL 6B Deactivate Shutdowns Emergency Start signal

Tsch transmitter contact KIj
SOL 7A 200 RPM

Tech transmitter contact K3
SOL 78 200 RPM

SOL 4A Engine Up to Speed Tech transmitter contact K1

SOL 48 Engine Up to Speed Tech transmitter contact K3

SOL 9A Field Flash PS 33A A, TD1 A

SOL 98 Field Flash PS-33BB, TD1B

SOL 10A Mode Selection-Normal Mode Selector Switch

SOL 11 A DC power Circuit Breaker

8 SOL 11B DC power Circuit Breaker
Local & Remote Stop Pushbuttons

SOL 12B Stop

TeleSC2. Solenoid Volns

i

RELAY CONTACTS TIME FUNCTION

TD1A TDIA N.O. Isec. Energizes SOL 9A af ter timing out ,

'

TD1B TD1B N.O. 1 sec. Energizes SOL 98 after timing out

TD2A TD2A N.C. 5sec. Provides power to R4 A until it times out

TD2B TD2B N.C. 5sec. Ptovides power to R4B until it times out

TD3 TD31 N.O. 80 sec. Provides latching puwet to R2 and R2 AUX af ter

it times out |

TD4 TD41 N.O. 5 sec. Provides power to R12 circuit after timing out

TD42 N.O. 5 sec. Provides power to R12 after timing out

Tele 3C3. Time Delay Relays l
|

Om
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PART C - CONTROL SYSTEM (Continued)

PUNCTION
RELAY CONTACTS

R t.1 R11 N.O. Provides power to TD4

Rt.2 N.O. Provides power to TD3
Provides power to " Shutdown System Active" status light

M13 N.O.

Rt.4 N.O. Provides power to " Start" status light

R t.5 N.C. Provides power to " Stopped" status light

R16 N.O. Engine Start Chart Recorder input

M1 AUX R1 AUX 1 N.O . Provides power to RI A and RI AA

R1 AUX 2 N.O. Provides power to DC Fuel Booster Pump
Arms Lube Oil High Temperature Trip Alarm

R1 AUX 3 N.C.
Arms High Temperature Engine Bearings Trip Alarm

R1 AUX 4 N.C.

R1 AUX 5 N.C. Arms Engine Vibration Trip

R1 AUX 6 N.O. Provides power to DC Fuel Oil Booster Pump

Provides power to Lube Oil Circutating Pump and Heater
R1A R1 A.1 N.C.

Provides power to Jocket Water Circulating Pump and Heater
R1 A 2 N.C.

""

* RfA.3 N.O.

> Run Relay Customer Contacts

R1 A 6 N .O. _

''

RIAA RIAA1 N.O.

> Run Relay Customer Contacts*

)
RIAA4 N.O. ,

R2 R21 N.C. Arms Low Pressure TGcareer Oil Left Bank Af arm
Arms Low Pressure Turbochager Oil Right Bank Alarm

R2 2 N.C.

R2 3 N.C. Arms Low Pressure Turbocharger Oil Trip Alarm

R2 4 N.C. Arms Low Pressure Lube Oil Alarm

R2 5 N.C. Arms Low Pressure Lube Oil Trip Alarm.

R2 6 N.C. Arms High Pressure Crankcase Alarm

R2 AUX R2 AUX 1 N.C. Arms FuelOilPressure Low Alarm

R2 AUX 2 N.C. Arms High Temperature . locket Water Alarm

R2 AUX.3 N.C. Arms Low Pressure Turbocharger Trip Alarm

R2 AUX 4 N.C. Arms Fuel Pump /Overspeed Drive Failure

R2 AUX 5 N.O. Customer Contact

R2 AUX.6 N.O Customer Contact.

Provides power to 3DL 1 A, SOL 29 armi TDI A at Automatic Start
R4A R4A 1 N.C.

Provides power to SOL 1 A, SOL 28 and TD1 A at Manual Start
R4A.2 N.O

Provides power to SOL 3A, TDI A, TD2 A, R4 A, SOL-e A and
.

M4A 3 N.O .

SOL 20 after Start valve released

Table 3-C4. Meteys
s

,
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PART C - CONTROL SYSTEM (Continued) !

i

PUNCTION
' RELAYS CONTACTS

R48 R481 N.C. Provides power to SOL 18, SOL 2 A and TDIS at Automatic Start

R48 2 N.O. Provides power to SOL 18, SOL 2A and TD18 at Manual Start

R48 3 N.O. Provides power to SOL 38, TD18.TD28, R48 SOL 18 and

SOL 2 A after Start valve released

R58 R581 N.O. Provides power to Lube Oil Circulating Pump and Heater

R68 R681 N.O. Provides power to Jacket Water Circulating Pump and Heater

R7 M71 N.O. Provides power to R15

R8 R81 N.O. Customer Contacts

98 2 N.O. Customer Contacts

R83 N.O. Provides power to " Unit Available Eme roency Status" status fight

RS4 N.O. Activatn Field Flash 125 VDC Power Loss alarm

R12 R121 N.O. Provides reset power to R1 and R2 relays

R12 2 N.C. Provides latching power to R1 relays

R12 3 N.C. Ac*ivates Diesel Generstor Failure To Start Alarm

RI4A R14 A 1 N.O. " ^' "" # "' " ' * * " "*****

M14 A.2 N.C.

R15 R151 N.O. Provides Power to Alarm Ho,rn

R15 2 N.C. Customer Contact

R16 R16 L N.C. Activates Low Temperature Lube Oil IN alarm

R16-H N.O. Activates High Temperature Lube Oil IN alarm

R17 R17 L N.C. Activates Low Temperature Lube Oil OUT alarm

R17 H N.O . Activates High Temperature Lube Oil OUT alarm

R18 R18 L N.C. Activates Low Temperature Jocket Water IN alarm

R18 H N.O. Activates High Temperature Jacket Water IN alarm

R19 R19 L N.C. Activates Low Temperature Jocket Water OUT alarm

R19 H N.O. Activates High Temperature Jedet Water OUT alarm

Table 3 C-4. Releys (Continued)

\

fI
s'

3-6osav.teoemessa
- - __ .. . . _ - - . _ _ _ . _.



. . . .
- - ... - .

. .-
. .

|
,

1
1.

|a-7

Instruction Manual i
1 ln

.

I

PART C - CONTROL SYSTEM (Continued)

LOCAL ENGINE CONTROL PANEL (See Drawing 0060H5061).
The local engine control panel houses those control components which are not engine or remotely mounted. Access toid A 00 point annuncistor is

the panel is through hinged doors in the back and removable acases panels on either s e. mounted in the upper portion of the face of the panel. Beneath this, and at eye level, are ten pressure gauges w
'

hich
res. An

monitor 14ticating oil, turbocharger oil, fuel oil, Jacket water, combustion air and starting air system pressuti nis used
electronic temperature indiator with digital readout and integrallinearization and cold luncture compensa ot ms. Temperature alarm

to monitor thermocouples inserted in the engine exhaust, lubricating oil and iscket water sys e
sensing is done in the isticating oil and water systems.

Status lamps are provided as follows.a.

DC control power ON - lights if all d-c circuits are energized.1.
,

) 2. AC power GN.

Unit Available For Start - Lights when the following conditions have been met.3.'

(a) DC Booster Pump in AUTO.

)
(b) Mode Selector in NORMAL.

)
(c) DC power available - sufficient circuits to start.

(d) Starting air pressure available.

I (e) Overspeed device not tripped.

(f) Generator lockout relay not tripped.

Unit Starting -lights when PS 32C actuated.4.

Unit Shutdown System Active -lights when relay R1 energized.5.
'

> 6. Start - lights when relay R1 energized.

7, Stopped -lights wh en relay R1 energized.

B. 200 RPM

9. Ready To Load.

10. Unit Tripped,

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

sump tank level,

An engine hourmeter is provided which is responsive to relay R1 AUX. A tachometer is also included.i tter by

reading the speed in tpm directly from the speed transmitter. A remote output is available from th s transmi
c.

removing the burden resistor and connecting on the 4 20 MA terminals.
'

3-7
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PART C- CONTROL SYSTEM (Continued)

Delaval engines are arranged so that the engine <triven fuel oil pump is driven from the free end of the
overspeed drive assembly. For nuclear service, a d-c booster pump is used in parallel with the engine driven pump. Ifd.

i
the drive fails the operator would have no indication that there is no longer overspeed protection. An annunciator si f

provided which senses the loss of engine fuel pump pressure end, therefore, alerts the operator of poss ble loss o
)

overspeed protection.

AUTOMATIC SAFETY SHUTDOWN SYSTEM (See Drawing 0g 500 75061).)

Refer to sheet one of the referenced drawing. The shutdown system is a network of venten-f ault pneumatic devicesi

whis are arranged in the various systems of the engine. The venting of such a device is sensed by the pneumatic log c
circuitry, and this circuitry then produces a 80 psi pressure signal whis operates a cylinder on the engine to shut off
fuel.This shutdown signalis automatically vented after the unit has rolled to a stop, retracting the cylinder and readyingi l hi h is
the unit for a restart. Note that the sensor network is always pressurized; it is merely the shutdown s gna w c
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 errwegency condition. Shut-

_

downs are pieced in two youps, Group i shutdowns being those which must be "G0"in order for the engine to start.
and Group 11 shutdowns are those which would be in a shutdown (venting) condition until the engine is running.
Lubricating oil pressure, for instance. Group li shutdowns are looked out during engine starts for a fixed period of time.

'

When
The Shuthn Logic Board,1 A 6147 (1) functions to provide the necessary shutdown signals to the engine;
operating in response to an emergency start signal, it prevents the engine from shutting down while still giving panel

3

Indications on en existing shutdown condition. The logic board functions as follows.

If the INOPER ATIVE mode is selected (assuming that 80 psi control air is present at all points markedwhich shif ts to allow

@ , solenoid valve SOL 6A is energiaad, admitting 80 psi control air to a three way valve Papassage of a 80 poi signal. This signal is transmitted to Port 6 of the Shuthn Logic Board where it is applied to the
a.

"A" port of element NOT 6, acting to inhibit the passage of control air through that element. This prevents pres-
suriaation of Port 10 of the board and, therefore, charging of the Group I shutdown network. In addition, control air
froen Pa is transmitted through a shuttle velve (19) to pressuriae line E 49 and the pilot of volve P, which vents the
barring device. Pressure in line E 80 actuates the pilot of a three way velve (10, Dwg. 0g 896 76061), causing controlto line E 90, where it extends the shutdown cylinder
air to pass through a shuttle velve (14, Dwg. 09-806 75061)
(6, Dwg. 00 806 79061) whis moves the fuel reeks to the "No Fuel" position, shutting off f uel delivery,I

If NORMAL mode is selected, assuming that the barring device is disengaged and locked, control air will
,

pressuelas Port 4 of the Shutdown Logic Board and pass through element NOT 6 as well es pressuriains the "B" portsof elements MEM 16, AND 11 and AND 7. Output from element NOT 6 pressurires port "B" of MEM 13 and port "8"
b.

of AND 17 and also posses through a metering orifice (10) to pressuriae port "A" of NOT.18, port "B" of AND 14 and
Port 10. The Port 10 output arms the Group I shutdowns, and the unit is ready for a start.

A MANU AL START, initisted from either the local or remote location,will emse solenoid valves 30L 3A
and SOL 38 to energiae momentarily, causing edmission of a 80 poi control air sipiel to Port 12 of the shutdown Logic! c.

Board. This signal is tronomitted through OR4 to the "C" port of S/R 22 which converts the momentary signal to aj

constant output from the "C" port of MEM 13. Note that this output will remain after the momentary signal toS/R 22 is lost. The MEM 13 output pressurlaes port "A" of AND 17 and, due to the presence of control air at the "B"h

port of that element, there is en output at port "C" of AND 17 This output pressurises port "B" of NOT 18,but t ej

,

|
|

|

|
t
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PART C - CONTROL SYSTEM (Continued)

element does not transmit due to pressure at its "A" port. The output from AND 17 also pressurires port "B" of
element NOT 9, causing an output from port "C" of that element, which pressurires Port 9. The Port 9 signal charges
line E 24, locking out the vibraswitch trip during a start sequence. In addition, NOT 9 output is metered through a)
0.028 inch orifice and element OR 5 to feed the Group 11 shutdowns at Port 2. Note, however, that the Group 11l

shutdown sensors are in a venting condition until operating pressures and temperatures are reached. As an examp e,h
the Lube Oil Pressure sensor (Dwg. 09-695 75051) will be in a venting condition until actuallube oil pressure reac es

j 30 psi. Therefore, the metered Port 2 signal will not be able to charge the Group || trip lines at this time.

In addition to pressurizing port "B" of NOT 9, the AND 17 output is metered through a 0.006 inch orifice)
k

to an accumulator at Port 1. The 60 90 sec, time delay required for the metered signal to fill the accumulator is nown
d.

as Group 11 lockout timiral. Referring to page 3-C 3, section g. of this manual, note that an electrical timing circuit is
also initiated at a start. The normally closed contacts of relay R2 are used to disarm the alarms for the Group 11 sensors
for 60 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 11 lockout timing at the accumulatorat Port 1, pressure builds up at port "A" of NOT 9 and port "A" of AND 14. The inhibitory signal at port "A" of
2

NOT 9 causes the element to cease transmi' ting, and the pressure at Port 9 exhausts back through NOT 9, which
reinstates vibraswitch protection. Although the metered signal through OR 5 is lost when NOT 9 vents, Port 2 supply
is maintained as accumulator pressure at port "A" of AND 14 cauws the element to 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 i shut-
downs. At this time all Group 11 alarms and trips ere active, and the unit is running with full shutdown protection.O

h
if an unsatisf actory 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 a Group || shutdown trip,or at Port 10 in the case of a
e,

Group i shutdown. Both ports follow the same vent path. After Port 2 vents the "B" port of OR 5 and the "B" port of
AND.14, pressure is lost at the "A" port of NOT 18. Due to tt'e action of the metering orifice (101, pressure is main-
tained at the "B" port of NOT.18 and the element conducts a signal to 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 15. Since control air is present at port "8" of AND 11, MEM 15 output transmits through AND 11
and pressurires Port 8. Port 8 output is corducted through a shuttle valve (21) to line E 89 where it extends the shut-
down cylinder, cutting off fuel delivery and shutting the unit down.

Note that AND 11 output is also passed through an orifice / check (3) and two accumulators (19) at Port 6.f.I
causing a timed delay. When this delay is completed, and shutdown has been accomplished, a signalis passed through
AND-7 which is transmitted to the reset port (port A) of S/R 22, causing a loss of pressure at port "8" of NOT 18
which terminates the shutdown signal. Element AND 7 also transmits through OR-8 to the reset port of S/R 12 which
vents Port 8, retracting the shutdown cylinder and readying the unit for a restart,

A shutdown due to engine overspeed is accomplished in a difforent manner. Refer to drawing 09-695-75051
which shows the system in the shutdown state, depressurized and de-energized. A 60 psi control air signalis present at

g.

I.ine E 53 and, if the engine is running the Stop/Run valve (15) will be in the RUN position, blocking the passage of
control air. Controf 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 a three way valve (11) whidi shifts to prevent the passage of control air.Wiien the overspeed trip
valve is actuated, the three way valve vents, allowing passage of control air through the valve which activates the sensors
on line E 20 and also extends the air shutoff cylinder thereby closing the butterfly valve in the air intake rnanifold and
cuttmg off combustion air to the engine. Note that control air is also passed through the Stop/Run valve (15) and
through a shuttle valve (14) to line E 90 where it activates the " Unit Tripped" sensors, and also extends the shutdown
cylinder (5) which moves the fuel tacks to the "No Fuel" position. The engine is stopped due to both fuel and airg f

starvation,

3-9m, m we~n
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PART C - CONTROL SYSTEM (Continued) |

If a normal stop signal is applied from either the local or remote location,or if an amergency stop signal isThis
applied, solenoid valve SOL 128 is energized, admitting 80 psi control air to Port 11 of the Shutdown Logic Board.

h.

signal is transmitted through OR 16 to the "C" port of S/R 12 which causes an output from port "C" of MEM 15.y

This output is transmitted through AND 11 to Port 5 which pressurires line E 80 and extends the shutdown cylinder.After shutdown has been accomplished a delayed signal acts to vont Port 8 and retract the shutdown cylinder, readying
the unit for a restart.

Upon receipt of an emergency start signal from the owner's equipment, either solenoid valve SOL tlA or
SOL 68 or both will become energiaod, admitting 80 psi air to Port 7 of the Shutdown Logic Board. This signal u

1.
t h

transmitted through element OR 8 to the reset port of S/M 12, which vents MEM 15, AND 11 and Port 8, venting t e
shutdown line and allowing movement of the fuel tacks. The Port 7 signal is also transmitted to the "B" ports of;

elements AND 19 AND 23 and OR-4. The OR 4 signal acts to pressurire Ports 2 and 10 of the board as outfir.ed inI

paragrsphs c. and d. above. Note that the output from OR 5, which pressurires Port 2, also passes through a check valve
to the blocked Port 3 and then to the "A" ports of elements AND 19 and AND 23. Due to Port 7 pressure at these
elements, a signal is transmitted from each to the "A" ports of elements NOT 24 and NOT 20. This causes the shut-
down signal, which is normally transmitted through these elements, to be inhibited. Note that the shutdown sensors
fed through Ports 2 and 10 are still active and continue to monitor the condition of the unit and display f ault indications
on the annuncistor on the control panel. However, since the shutdown line is inhibited,these sensor signals will not be
able to effect a shutdown while the unit is operating in response to en emergency start signal.

)
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SECTION 4

.

ENGINE OPERATION

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

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

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

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

d. Check that lubricating oil and cooling water systems are clean and filled to the proper level.

Check starting air system for cleanliness and absence of moisture.e.

f. Check all controllinkages for proper adjustment and freedom of movement. Verify that allfasteners
are properly tightened.

Check crankshaft web deflections and thrust clearance (See Section 6, Part D)'''
O
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CLEAR CYLINDER CHECK
,

An essential part of the pre start procedure is to check for the presence of water inthe combustion chambers
andthe intake air manifold in any water cooled engine there is some possibility of internal water leakage This
may be from the intemal passages in the engine, the intercooler(s), or from the turbocharger (s) Other possible
causes of water leaks include improper maintenance or repair procedures, faulty installation, or improper
handling during shipment and storage Although the presence of water in a combustion chamber, or the intake
manifold in any significant quantity is a rare occurance, the consequence of such a condition can be serious.
If the engine is cranked with full starting air pressure, and with water in one or more combustion chambers , orTherefore,

in the intake air manif old, the result may well be serious damage to the cylinder head and/or blockit is essentiat that the cylinders and intake mansfolds be checked and determined to be free of liquids prior to
a start This check may be considered mandatory when starting the engine for the first time after insta!!ation.
or after a long shutdown or major overhaul, or whenever the engine has been shut down and allowed to cool
for eight hours or more For maximum protection,it #s stror. gly recommended that the check be performed

It is recognized that this may not be practical in installations where remote orbefore each engine start.
unattended operation are a part of the design, therefore, #n these cases the status of fluid systems and pressurel

vessels should be regularly monitored to minim:2e the risks of water leakage problems The engine shou dnot be rolled on full starting air pressure until such tim 9 that it has been determined that there is no liquid
Barring the engine over to determine this is satisfactory Briefly, the

in any of the combustion chambersprocedure for checking to determine that the Combustion chamber and the intake manifold (s) are free of
moisture involves the following sequence of actions

Open indicator cocks on all cylindersa

Check for presence of water in the intake air manifold (s). Striking the sides of the manifold with
p) a mallet and listening to the sound is one method of doing this. If water is detected the source must be

b

found and the condition corrected before proceeding;
\-

This will prevent fuel admission to the
Place Stop/Run valve on the engine in the STOP positionc

engine during the subsequent steps
Bar the engine over slowly with the barring device for two complete revolutions of the crankshaftd

Caution
if any resistance to free turning is encountered, stop cranking and determine cause
before proceeding

Check allindicator cocks for presence of moisture If any liquid has been ejected from any cocks.e
the source must be found and the defect corrected before proceeding

Roll engine two complete revolutions on starting air then again check allindicator cocks for presencei
of moisture 11 all clear, proceed

g Close allindicator cocks.
h Place Stop/Run valve in RUN

|
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., m



-.

.:_- - - - . . . - . . .

- - . ..
..

..

4-3

O Instruction Manual
y

SAFETY PRECAUTIONS.
Of all the rules of satety, common sense is foremost. One must admit the frailty of body and senses,and respect
the forces present with an operating engine which could destroy him in aninstantif not controlled. The following
standing rules of safety should be observed at all times 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 uncluttered at all times.a

b. Do not store tools or parts on platforms of engine.

Always monitor instrumentation often enough to be aware of the condition of the running engine.c.

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

Never start an engine without visually checking for personnelin dangerous positionse

On initial startup after an overhaul, always station a man near the governor.f.

Never run a generator set with the switchgear doors open.g

Always wait 10 to 15 minutes after shutting down before removing engine coversh

Know the top turbocharger speed, and observe it
6.

Never look directly into an air flow nozzle from close proximity. Use a mirror.
i

k. Never take finng pressure on a detonating engine.

Never run with the oil system pressure over 90 psi.l.

m. Use guards around all rotating wheels and shafts.

Never expose the hands to injector pop spray.n.

Never run an engine if a dangerous condition is suspected Stop hrst, then consult a supervisor.o.

The use of saf ety glasses and ear protection while the engine is running should bein accordance withp
the owner's regulations

Do not weld next to crankcase relief doors when engine is running
Q

.

D

,
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CONTROL OPERATIONS. be

All control operations, such as pre. start procedures, starting, running and loading of the dieselgenerator, maycarried out from either the Local Engine Control Panel or 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, modeselection control is provided at the Local Engine ControI Penel. Note that the Mode Selector Switch has a keyed inter.
lock, which allows authorized personnel to lock the system in either the INOPERATIVE or NORMAL mode.

PRE 4 TART PROCEDURE.
When starting a cool engine ef ter a shutdown, it is very important that the following procedure be carried out prior to
attempting a start, and prior to placing the unit in NORMAL mode.

Switch " REMOTE / LOCAL" switch on Gener ator Control Panel to " LOCAL...s.

Place Mode Selector Switch in INOPER ATIVE position.b.

Barring device interlock locked out,c.

d. Open indicator cocki on all cylinder heads.
least

Push the " Engine Roll" pushbutton on the Local Engine Control Panel, allow the engine to roll at
e.

two revolutions, then release button,

Inspect all indicator cocks. If liquid has been ejected from any of the cocks, the source must be found andf.
defect corrected before promeding.

Close indicator cocks.g.

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 tank and lubriceting oil tank.a.

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

CAUTION,

.

If H AND operation is selected, operator ettendence is required to prevent overfilling of the tank,

Check that lubricating oil circulating pump and heater and jecket water circulating pump and heater are in
c.

AUTO or ST ART positions, as desired.

Check that DC Fuel Oil Booster Pump, and Starting Air Compressor switches are in AUTO or ON PJsiiio9s,d.
as desired.

Check AC and DC power indicator lamps ON.e.

f. Check Stetting Air Pressure.

Check that Oveespeed device not tripped,g.

Piece " REMOTE / LOCAL" switch on Generator Control Panel in " LOCAL" or " REMOTE" as desired.h.s t.

l. Place Mode Selector Switch in NORMAL position.

44
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STARTING PROCEDURE. ,

LOCAL MANUAL START,

To start the unit manuelly from tN local panel while in the NORM AL mode, perform the following.

a. Place " REMOTE / LOCAL" ewitch in LOCAL position,

b. Pull and hold stort velve. As soon as the engine has fired once or twice, release valve.

c. If the unit's entire protective system is permissive, it will start, come up to speed and build voltop
outomatically.

REM 0TE MANUAL START,

A manual stort may be initiated fres . me remote location while the unit is in the NORMAL mode by performance of
the following steps.

a. Place the " REMOTE / LOCAL" switch in the REMOTE position,

b. Momentarily swite the AUTO /OFF/ START switch at the remote panel to the START position.

c. The control system will automatially activate all shutdowns and the unit will start, come up to speed
and build voltap automatially.

EMERGENCY START,

The unit will accept en emeryncy " Start Diesel" sipal pnerated by the owner's equipment if the REMOTE / LOCAL
switch is in the REMOTE position, sod if the AUTO /OFF/ START switch is in the AUTO position.lf the unitis at rest,
coesting to a stop, or otherwise operating at less than 200 rpm, receipt of a " Start Diesel" sipal will cause starting air
to be injected into the cylinders, and the unit will start, come up to rated speed and voltap automatically, and disarm
all protection except for overspeed and pnerator differential, if the unit is being manually operated at speeds in excess
of 200 rpm, receipt of a " Start Diesel" sipal will cause the unit to come to rated speed and voltage, and will disarm
all protection except overspeed and pnerstor dif forential. In such a cose the air start velves are not actuated, due to the
action of a pressure swits whle isolates the sit stort devices et speeds above 200 rpm.

MANUAL STOP.

Reduce load 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 loosi panel. If the remote location is in control, place the
AUTO /OFF/ START switch in the OF F position.,

EMERGENCY STOP,

Perform one of the following actions to stop the engine in an emerpncy situation,

s. Open main circuit breaker and actuate stop swits in previously selected conteof location.

b. Actuate "Emeryncy Stop" pushbutton at Local Control Penel,if unit is in LOCAL control. Note that only
the "Emerpncy Stop" pushbutton, not the normal stop pushbutton et the local panel,is operational while the unit is
being operated in response to a " Start Diesel" signal.

c. Manually pleos the STOP/RUN valve on the engine to the STOP position.

d. Menvally place the governor load limit switch on the governor to aero load.

e. Manually trip the overspeed device.

O f. If none of the above procedures work, the engine may be stopped by pushing a fuel pump lever towards
the engine block. This will rotate the fuel shaft and out off pump delivery. Hold the lever until the engine stops.

4*5conv teost/teese
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STARTING, STOPPING AND OPERATING PftECAUTIONS.

As soon as the engine is running, all gauges should be checked for proper operating pressures and temperatisres as shown
in Appendix 11.

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

result in a violent explosion.

i

I

|

i
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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 diesel, dual f uel
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 is any specific time interval between
major overhauls or cyhnder head valve reconditioning recommended. Experience andlocal 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 or
repair, it is necessary to have a program in effect to keep the equipment clean, to inspect it regularly, to take the neces-

} sary preventive maintenance actions, nr.d to keep the records of the operation and other useful information

If the engine and other equipment is kept clean,it will be easier to rnake a good and complete inspection. It
) will also keep dirt out of moving parts and thus reduce wear. It will also provide a good ind4 cation of how well the

a.

O
j equipment is being taken care of in general.

If the engine and equipment is inspected at regular intervals, small defects can be found and corrected)
b.

before they become large and require more expensive and time consuming repairs.

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 to

c.)

the engine and equipment.

Records, when kept on adequate forms and filled out on a regular basis will keep operating personneld.
informed of the current running condition of the equipment. Then, when compared with past tog 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 cuerhaul requirements.)

PERFORMANCE CURVES.
The major #ty of engine problems are preceeded by some change in the operating data,however,these changes may be
so slight and gradual that they are not easily detectible unless the data is recorded in a 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 carefully 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 most useable
form. Logs and daily operating records should be maintained in a form that is suitable for the purposes. Data should ber 'g
taken and recorded each day under the same load conditions. The load should be selected according to average opera
conditions, and should be within the 75% - 100% load range. The following illustrations provide an example of :.ow

y
the data on perf ormance curves can be used in planning future maintenance actions.
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TIME IDeity ensi Monely Summeries)

a. If lubricating oil pressure starts to decrease, but the lubricating oil temperature remains mnstant, this would
indicate that bearings are startiry to weer to excessive clearancas, that the lubricating oil pump is wearing excessively,
or that the relief wive is not functioning properly, it muld also indicato excessive fuel dilution. If lubricating oil
pressure starts to decrease while the lubricating oil temperature rises, it might indicate that the heat exchanger equip-
ment is plugging up.

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

C
8
1

ci
J

TsM E IDeity .ad Monmiy Summaries)

b. If lubricating oil consumption starts to increase it could mean that the piston oil control rings are starting
to foul, or have worn excessively, if this is the case, oil is being burned and should show up in the exhaust as a light
blue or grey smoke. It could also mean that the intake or exhaust valve guides have worn excessively. A third possibility
is a leek in the lubricating oil cooler. This can be checked by looking for evidence of oil in the cooling system.
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8 c. If crankcase vacuum starts to go towards a positive pressure it may indicate that the compression rings on
the pistons have worn excessively. This may be checked by taking a set of compression cards.
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PART A-PREVENTIVE MAINTENANCE (Continued)|
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If jacket water temperature starts to rise,it could moon that the jacket water cooler is starting to foul. It
must be remembered, however, that the temperature control volve starts to open five degrees farenheit before the set

d.
If intet

point. This means that the controlled outlet temperature may wry 15 F, depending upon ambient conditions.more
temperature starts to drop, indicating a greater temperature differential across the engme,it could mean one or
of the following conditions may be present.

(1) Poor combustion.

(2) Leaky head gasket (s).

(3) Scuffed piston (s).

(4) Faulty venting of jacket water system.
.

(5) Faulty water pump.
,
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PART A - PREVENTIVE MAINTENANCE (Continued)

( .

OPERATING REPORTS.
A record should be maintained of the conditions of engine operation, and in the case of an engine /gener ator set,
the generator as well This record may be kept in any form which proves to be suitable to the owner for his
purposes, however,it is recommended that as a minimum the following conditions be recorded

a. Load (%)

b Engine Speed

Crankcase vacuum readingsc
Fuel pump rack positicns (mm settings)d

e Temperatures

(1) Ambient air

(2) Intake air manifold

(3) Lubricating oil

(4) Cooling water
)

(5) Exhaust (cylinder and stack)

f Pressures
)

(t) Ambient airO,i
\' (2) Intake air manifold

)

(3) Lubricating oil

(4) Fuel

Transamerica Delaval Forms E-276 ard E 277. copies of which follow, are available for thes purpose. and may
be ordered from the Parts Department Form E 276 provided for a daily recording of data. and Form E-277 is

)

designed to provide a periodic summary of the daily reports Due to the normally limited operating hours of an
engine in nuclear standby service.the frequency of observations will,of course, depend upon the frequency of
operation

>
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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 experience and the particular needs of the
owner may indicate the need for addstionalinspections. Inspection intervals used are considered to be generally)

ideal, but operating experience must be used to decide the ultimate suitabihty of the suggested schedules.
Where experience indecates more frequent inspection of a particular part or system is needed, the time interval
between inspections should be shortened.

MAINTENANCE SCHEDULEJ
Unless otherwise stated on tne inspection Guides, the following inspection intervals are recommended tor use.

DAILY - Operations which are to be performed on a daily basis, independent of engine operating
a.

hours.
WEEKLY - Operations which are to be performed weekly, regardless of engine operating hours.

b.
MONTHLY / EXERCISE TEST - Operations which should be performed each time the unit undergoes

its periodic exercise test, but in no case less frequently than once a month.
c.

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.d.

Bl ANNUAL / ALTERNATE PLANT SHUTDOWNS - To be performed at afternate reactor refuehng

O e.
shutdowns, or bi annually.

FIVE YEARS - To be performed at the nearest plant shutdown period prior to a five year interval.
I

f.

INSPECTIONS GUIDES.
The recommended maintenance actions are hated on inspection Guides, divided into inspection intervals.
The guides are further separated by component groups such as the diesel engine, electrical components.
auxiliary equipment, etc. References are provided to direct the user to the sources of information needed to
assist in perf orming the maintenance actions. In addition to those maintenance actions listed on the individual|

guides, all external parts of the engine should be frequently felt by hand, particularly during the first few hundred
hours of operation, to detect any excessive temperatures on heads and crankcase side covers.i

#

.
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PART B - SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE
Freq s w i: DAILY

Component Group: Desel Engine
Unit in ST ANDBYSpecial Coaditions: RWerence

seem

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

Instruction Manual. Section 6, Part I
Drain alllow point water collectors,"Y' strainers and air*

receiver tanks in starting air system.

Check engine and auxiliary equ;pment for oil, water and fuel
oil lehks. instruction Manual, Section 6, Part K
Check level of lubricating oil in sump tank. Add oil as needed

Associated Pubhcations Manual
Check level of lubricating oit in governor and pedestal bearing
Add oil as needed. See assembly drawings in Parts Manual
Check fuel oil pump rack for freedom of movement through)

full hmit of travel. Do not disconnect from governor.
Instruction Manual, Section 6. Part K

) Check turbocharger bearing lubricating system sight glass for

oil flow

Drain water from crankcase vent piping drip legs.) Instruction Manual, Section 4
Venty all controls in proper position for standby.

Associated Publications Manual
Check att governor knob settings:

Load Maximum,

)
Droop: Mid point

To provide mechanical governorSpeed.
control at 470 rpm

) ,

O
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PART B - SUGGESTED MAINTENANCE SCHEDULES (Cont,inued)'

Frequency: WEEKLY
INSPECTION GUIDE
Component Group: Desel Engine

)
Special Conditions: None

urn on electrical fuel oil booster pump for a short time andT] irculate fuel through system. Check straiws for clean fuel.c

)
-

)

)
)

)

.O,

-

)

0

O
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PART B - SUGGESTED MAINTENANCE SCHEDULES (Continued)(

MONTHLY or EACH EXERCISE TEST
INSPECTION GUIDE

Frequency:

Component Group: Diesel Engine
) MONTHLY, or each test, whichever comes first

Special Conditions: werence
nem

Instruction Manual, Section 6, Part 1
Clean and inspect "Y" strainers in starting air system.

Associated Pubhcations Manual
Check lubricating oil filter pressure drtferential. If 15 psi or
more, clean or replace element.

Associated Pubhcations Manual
) Inspect and clean air filter in starting air distributor.

Associated Pubhcations Manual
Drain wa:er and/or sludge from lubricating oil full flow fdter.

Associated Pubhcations Manual) If differential pressure indicates (15 psi or greater), clean or
) replace strainer screens in fuel oil and lubricating oil

pressure strainers. Instruction Manual, Section 6, Pari K
Check lubricating oil with a viscosimeter for fuel oil ddution. Section 8 Appendix VI
Send a sample of oil to laboratory for analysis.

Instruction Manual, Sec. 6. Part J
Check pH factor of jacket water. Correct as recommended

) by chemical suppher. Recommended pH is 8 25 or 9.75.
inst. Manual Sec. 6, Part L| j

Check air butterity valve (s)in intake marufold for freedom of
) movement. Lubricate as necessary with automotive type

t
wheel bearing grease. Check may be done manuaffy by
disconnecting knkage, or by applying 60 psi air to the
actuating Cyhnder.

Associated Pubhcations Manual)
Check tube and shell sides of intercoolers and
heat exchangers.

Record all operating parameters Compare with basehne
data to insure engine is operating property.

)

1

V)
k
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PART B - SUGGESTED MAINTENANCE SCHEDULES (Continued)i

ANNUAL /EACH PLANT SHUTDOWN
19ECTION GUIDE Frequency:

Com:,[ent Group: Diesel Engine
Annual of each shutdown, whichever comes first,

Special Conditions: Reference
stem

Inst Manual, Sec. 6 Part K,
Drain lubricating oil system Refill with new oil. Section 8. Appendix VI

Remove afternate left side doors and examine inside of
engine for any abnormal condition Check with a good light
for evidence of babbitt flakes if excessive water or sludge
is present. drain crankcase. Determine cause and take
necessary corrective action

instruction Manual data sheet.
Check valve lash (if equipped with hydrauhc valve htters, and Section 6. Part B
perform leak down test, reinstall and adjust)

instruction Manual. Sec 6. Part F) Remove fuel '91ector noules, clean, reset and reinstall Asso Pubhcations Manual - Bendin

Instruction Manual, Section 6 Part C

|O Check connecting rod and knk rod bearing clearances and Section 8, Appendia til

q j/

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

Instruction Manual, Section 6.
Check foundation botts for correct torque Retorque as Part D and Section 2) necessary Check and record crankshaft web deflections

Check lubricating oil jets for plugged or broken knes

Inst. Manual, Sec. 6 Parts B & E
Remove cam covers and cyhnder head covers inspect
cams, tappets, rollers, rocker arms, push rods and springs

Instruction Manual, Sec 6. Part K3 Drain governor oil. Clean and flush, then refill with new oil. Asso Pubhcations Manual - Woodward
Replace governor drive couphng element

Inst. Manual Sec 6 Parts B & C
Check cold compression pressures and maximum fireng
pressures it so indicated, remove cylinder heads, grind
valves and reseat Check rings and hners.

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

Associated Pubhcations Manual
inspect antake air filter, and service as recommended by
manufacturer.

._.
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PART B - SUGGESTED MAINTENANCE SCHEDULES (ContJnued)*

BI ANNL'AL/ ALTERNATE PLANT SHUTDOWNS
INSPECTION GUIDE Frequency:

Component Group: Diesel Engine

Special Conditions: Whichever frequency point comes first ne'erence
nem

inst Manual. Sec 8. Appendix lit
inspect gears for general condition Check backlash and
replace worn gears exceeding maximum clearance.

instruction Manual. Sec. 6. Part F and
Remove fuel iniection pumps Disassemble, clean, repair Asso Publications Manual, Bendix
and adjust as necessary. instructions

Inst. Manual. Sec 6. Part D and
Check main bearing sheit thickness Section 8. Appendia vi

Instruction Manual. Sec 6. Part D.
inspect main bearing crank journats Section 8. Appendix ill

)

Inst Manual. Sec. 6. Part E.
Check crankshaft bearings and edler gear bushings Section 8. Appendia ill

I

)

)

Ov
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PART B - SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE
Frequency: EVERY FIVE YEARS

Component Group: Desel Engine
Nearest plant shutdown to five year point

Special Conditions: a .nc.
nem

Associated Pubhcations Manual.
Remove turbocharger (s). Disassemble, clean, inspect. manuf acturer's instructions
repair and feassemble.

)

)O
>

>
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PART C - PRESERVATION AND STORAGE .

PREPARATION POR SHIPMENT AND/OR STORAGE.
The diesel engine / generator set is propered for shipment in conformance with contractural requirements, and consistent
with the provisions of ANSI N45.2.21978,11pokaping. Shipptrw, Meceiving, Storage and Handlme of itema For
NucAser Power PAents (Ouring The Construction Sasse Passe)." The degree of preservation will depend upon customer
requirements, and the entiopeted term of storage. Unless otherwise provided for by contractural arrangement, the-)
following preservation methods and requirements are the normal standerd f or Transamerica Detavat Inc.

PRESERVATION MATERIALS.
In addition to the tapes, barrier materials, desiccants etc. specified in Section 3 of ANSI N45 2.21978, two preserva-
tion materials are normally used. These are Tectyl 502 C and Tectyl 890, both manufactured by, and available from
Ashland Petroleum Company. The characteristics of these two preservatives are as follows,

)
Tectyl 502 C (U S. Government specification MIL C 16173, Grade ll, and MIL.P 116G preservative type

P 2) is a sof t, amber, transparent film preservative which may be applied by spraying,dippmg or brushing it provides
s.

) extended undercover or indoor protection for the interior or exterior surfaces of machmery, instruments, baarings, etc.,
and provides limited periods of outdoor protection where metal temperatures do not produce a flow of the film. It may)
be removed with petroleum solvent, lubricater g oil, hot alkali wash, or with a vapor degreaser. Tectyl 502 C should
provide adequate protection for sin months outdoors, and for 18 months when indoors,of mterior su faces which are

r

)
sealed off from the elements.

Tectyl 890 (U.S. Government specif otion MIL C 16173 Grade 1, and Mt L P 116G preservative type P.) is) b.
a firm, black, opaque felm preservative which may be applied by spraying, dipping or brushing it provides f or preserva-
tion of items stored indoors or outdoors, with or without cover where a firm film is required it may be removed with
petroleum solvents, or with a vapor degrenser. Tectyl 890 will provide protection for up to 30 months when outdoors,

O
)

and in escess of five years when stored indoors, or under mver.

DESICCANTS,

When the use of a desiccant is specified, a silica get type product such as PROTFK SORB 121 manufactured by)

Davison Chemical Division, W.R. Grace & Co. is normatly used for this type protection. PHOTEK SORB 121 silica
get is a pure, chemically inert smorphous silica. The action is purely physical, with no changa in site or shape of the
particles as they become saturated Even when saturated, the material looks and feels perfectly dry Desiccants are
packaged by ** units ** father than by weight, a unit being defined as that weight of desiccant which will absorb at least
three grams of water vapor at 20% relative humidity, and at least sin or sms of water vapor at 40% relative humidity at a
temperature of 25 C Silica get can be regenersted in a vented oven, followmg the manuf acturer's instructions Although0) '

silica gel provides no visible indications as to the condition of the get, humidity ind cators, or TEL TALE indicatmg
gel may be used for this purpose. These indicators will gradually change color from a deep blue towards a pale pinh as
the gel becomes saturated with watef vepor. ,

GENERAL PRESERVATION Pft0CEDURES.
The following oopicts the general procedures used prior to shepment for the preservation of diesel engines and, when
appropriate, other apputtances fufNshed by Transamerica Deisval, Engme and Compressor Div+on, and fnr the
maintenance of this preservation protection during storage.

mp and allow the eng ne
With the engme tunnmg. disconnect the fuel line sheed of engme fuel booster pus.

to burn about five to ten gallons of pu e tectyI 602 C before shuttmo down. Cap fuelline to eng.no3 r
y
i

b Seal all opemngs to the interiof of the engmep
Hemove fuel insectors and spray Tectyl 602 C inside the combuttion chamber, coating the cylinder ime's.'

c.
Diston erowns, and cylmder head fnet Heplacs 6niectors.

m u 848
5C1
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PART C - PRESERVATION AND STORAGE (Continued)
Plug all openings to each fuel pump. Disconnect the drain line and pump Tectyl 502-C through the connec.Tectyl removed.

tion until Tectyl is observed leeking past the fuel rock. The pump is then reversed and all excess
d.

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

coolers.

Hemove cylinder head covers and mat all areas inside sub mver with Tectyl 502 C. Replace coversf.

Remove cam gallery side doors and thoroughly coat the entire camshaft and housing with Tectyt 502 C
g.

Replace doors.
D

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

o
plates and doors.

Remove engine side doors and spray all accessible machined interior surfaces withm the crankcase with
i.

Tectyl 502 C Replace side doors.0

Remove upper half of rear oil seal and spray Tectyl 502 C on the shafI and throughout the area Reinstallj.
upper half of rear oil saal.

Carefully examine all gaskets and equipment removed from engme for damage prior to reenstallationk.
7 Replace all gaskets that show signs of damage.p

\ !
l. Wrap rear crankshaft oil seal with duct tape.''

D

Coat all machined and unpainted surf aces on the enterior of the engine with Tectyl 890m.

Fill governor to top with oil. Any good 40 weight automotive type oil will be suf f,cient.n.
that

Check that all openings to 6nterior of engine are closed, Replace all covers, plates, blind flanges, etto.
were removed

LONG TERM STORAGE.
In addition to those procedures outlined in the previous paragraphs, the following procedures can be med prior tolut Pf) stor39?
shipment of diesel engines and their appurtenances to prepare them for long term (sin months c't)
Although each of these procedures as strongly recommended, they must be specif ted by contract if they are to be per.
fotrned by Transamerica Delaval.

Remove liquid filled gauges from the engine and store them separately to protect them from accidental
a.

breanage or damage

Place one 80 unit bag of desiccant per cylmder on a 1 m 3 inch board in the bottom of the crankcaw A
blank plate with a tapped hole should be bolted over the uankcase vent opening and a probe type hurrodity md.cator

b.

installed m the tapped hole.

Place one 80 unit bag of desiccant at either end of the intske manifold One 16 untt bag of dewant shnuidE

be placed withm the intake port of each cylinder heed and either taDed m place, or secured to some kind of wohn
c.i

8
block(''

I )
Place one 4. unit bag under each cylmder head cover.' d

6-C.2
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PART C - PRESERVATION AND STORAGE (Continued)

'(
Grease all gaskets on both sides during resssembly, and bolt all surf aces tightly.together.

'

h desiccant and tape

Remove all lines from fuel pumps and injectors. Wrap in plastic bags together witach pump, stapte an indecator to each
e.

closed. Store in a box. Cap all injector and pump openings. Tape a 4 unit bag to eMake sure all fuel racks and linkigesf.

bag of desiccant and wrap the pump in a plastic bag Tape shut with duct tape.
are thoroughly -reased, or coated with Tectyl 502 C. d trip should each have a

The barring device, air distributors, air solenoid valves, governor and overspeed in plastic and sealed with duct tape
442 nit bag of desiccant taped to it, together with an iridscator and then wrappe

*

d the cover sealed

Each junction bon on the engine should have a 4-unit bag of desiccant placed inside en
h.

Seal all turbocharger

One 16-unit bag of desiccant should be placed within the turbocharger (s) outlet port.
with duct tape.

i.
openings with blind flanges and duct tape. at toch acesss to areas

Heghly visible warning placards should be placed on each piece of equipment, ort and to serve as a reminder to remove the desiccant
i

which contain desecrant to warn of the presence of the des ccan ,
J.

betore the engme is started.

tattation, the preservation procedures
LEVELS OF STCRAGE. i

If the engine and associated equipment is to be placed in storage prior to nsonths or longer), the following levels(i

applied prior to the shipment must be maintained. For long term storage s n m
of storage,as dehned by ANSI N45 2.21978 are recommended t d building, or eovi-

Lwel 8 - Storage within a fire resistent, tear resistent, weatheftight and well venti ated floor with good drainage items shouldf
valent enclosure, not subiect to flooding and with a paved or otherwise sur aced uniform heating to prevent conden.a.''

8 l

be placed on patfets or shoring to permit air circulation. Temperature contro anf 40 F menimum to 140 F manimum The

sation and corrosson, and to provide temperatures between the ranges ofollowing types of equipment provided by Transamerica Detavel should be stored in Leve
t 8 f acihties

f

1. Motor Control centers

2. Generators.

3 Switchgear.

4. Controf Panels.
I

5 Air filters l

Level C - AH provisions and requirements of Level H except for heat and temperature contro .
b.

1. Engines and attached equipment,

2, Pumps and Valves

3 Ausihary skids.

Lubrecating oil filters and strairers tr contiof4

Transamerica Delavel recommends that items hsted for Level C storaga have heat and tempe<a u t
c.

I

I aswen hing, Shipping, Rocesvong. Storagt

Informarron concernity storage leeels entracted from American NationalStarnford PacPheae) ANSIN24 2.21918, with the permos,

and Handhng of items for Nuclear Power Plants (During the Constructiond Engineerme Center,345 East 47th StreetI ]

soon of the pubheher The American Society of Mechanocal Engoneers Unite~'
,

New York, NY 10017.

IM 9) 3
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PART C - PRESERVATION AND STORAGE (Continued) .

RECEIVING INSPECTIOW.
A visual examination of the engine and other equipment should be made before off. loading to determine if any damage
was incurred during shipment. This inspection should be macs ! i accordance with ANSI N45.2 21978.Thefollowing
areas of inspection should be conducted.

Fire - Charred wood, paper or paint, indicating exposure to fire or extremely high temperatures,
a.

Excessive exposure - Weatherbeaten, frayed, rusted, or stained containers indicating prolonged exposu e
r

b.
during transit.

Environmental damage - Water or oil marks, damp conditions, ditty areas, or satt film (indicating esposure
c.

to sea water or winter road salt chemicals).

Tiedown failure - Shifted, broken, loose or twisted shipping ties, and worn material under ties, indicatingd
improper blocking and tiedown during shipment.

Rough handhng - Sphntered, torn or efushed containers indicating improper handhng Review of impacte.

recording instrument readings

Item inspection - Unless 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 comphed with When

f.

items are contained in transparent, separate moisture proof bags or envelopes,a visual inspection without unpacking is
preferred Statistical samphng methods may be used for groups of similar iterrs. Care shall be tah en to avoid contamina./ )

tion of the items during inspection. The inspections shall be performed in an area equivalent to the level of storay( '
required f or the item. These inspections are examinations shall include the following. as appropriate

Verification that identification and markings are in accordance with
1. Idemification and Marking

apphcable codes, specifications, purchase orders, drawings, and these instructions-

Complete Shipments. Verif y that the contents match packing hsts if there are discrepancies, contact2.
Transamerica Detavel, Engine and Compressor Divmon, Customer Service Department immediately.

3. Manufacturmg Documentation: Assurance that the document certif ying that the item received was
fabricated, tested and inspected prior to shipment in accordance wit's appbcable code, specification, purcha,e order
and/or d< swings is included in shipment if applicable.

Protettive Covers ar'd Seats' Visual inspection to assure that covers and saats are secure4.

Coatings and Preservatives Verification that coatings and preservatives are opphed in actordame with6.
specifications, purchase orders or manuf acturer's instructions.

Verification that the inert gas blanket pressu e is withiti the acceptable hmits. ifr
6. Inert Gas Blanket.

used

Verification that the desiccant is not saturated, determined by the use of humidity inrte,s
7. Dessccant

tots Desiccants shall be regenerated or replaced as ne(essary in accordance with manuf actu er's instructiorn
7, r

I

8 Visual inspection to assu e that parts of items are not brok en, crash ed, et"ts og,r

8. Physical Damage
deformed or rNahgned and rotating parts turn without bindmg Access,bie internal and enternal areas shall be free o'
detrimental gouges, dents, saatches and burns

'

'
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PART C - PRESERVATION AND STOR AGE (Continued)

Vieuel inspection to amure that accessible internal and'enternal areas are withm thei f cleenkness is per-

specification requirements for dirt, soil, mill ecole, weld splatter, oil, grosse, or stains. Inspect on orformed prior to seehng and shipping, therefore, if receiving inspection indetes that there has been no penetra io
9. Cleenlinees: t n of

the sealed boundry, then inspection for internal cleenliness is optional,

Conformance Inspection - Unless the completed item was inspected or examined at the sourcs,it shouldh f ed

be inspected or examined at the point of receiving to verify that the following characteristics conform to t e speci ig.

requirements. These inspections or examinations should include such items as the following
Physical Properties. Nondestructive enemination to assure that physical propertees conform to the

specified requirements and the chemicel and physical test reports, if required, meet the requirements.
1.

Random visual inspection to assure that important dimensions conform with drawingsd i ntation of parts.
and specifications. Examples- Base plate mounting holes, owrall external site, configuration an or e

2. Dimensions:)

Random verification that weld preparations are in accordance with apphcable
3. Weld Properations.

) drawings and specifications.

Visual inspection of accessible areas to assure that the workmanship is satisfactory to
) 4. Workmanship.

meet the intent of the requirements.

Verification of presence of proper lubricants and oits,if required, by either
5. Lubricants and Oils-

) specification, purchase order or manufacturer's instructions.
Performance of insulation resistence tests for motors, generators, control and

6. Electrical Insulation.
power cable, to ensure conformance with specifications,

Special Inspection - Where receiving inspection in addition to that described above rs required, the "SNctali

inspection'* procedure, complete with documentatton instructions, shall be attached to the item or container; this is nh.
p

addition to the inspection, and the results of the mspection shall be documented.

ON.8ITE PflEPARATION FOR STOMAGE. ff d d and
If the engine and other components are to be placed in storage prior to installation, the engine should be o loo eflanges must be sup-
moved to its storage location. Place engine onto Tectyl costed hardwood blocks. The mountingd the tarpauhn

ported by 50% of their ares, equally spaced. The engine should be completely covered by a tarpaulin, ansecurely f astened to the skid. lf the storage is to be long term, the preservation procedures apphed prior to the shipmen
t

I h-

must be maintained. The engine should be stored in the level of storage specified in preceeding paragrap s,

STOMAOE INSPECTIONS, t

Sin month inspections of the un61 should be conducted to the following criteria, witnessed by a Transamerica Defavact or.'

service representative fupon receipt of a purchase order), or documented by a formal report by the owner s mspe

Do not totate the engine.
fa.

Esamine all engine cover plates for tightness and sashng abihty. Do not open the engine unless at es abso-
5 b.

lutely necessary.j
E samine gaskets for any covers removed and replaced if any damage exists-

c.

$A] Enemine all humidity indicators for 60% saturation. Replace of tegenerate the naturated sehca oot as neces-
sery. If the inte ior of the engine is esposed for any reason, reapply Tecty1 as neededf

d.V

(
l
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PART C - PRESERVATION AND STORAGE (Continued)

fred during storage, supports
Inspect the hardwood supports for any indication of settling if settling hase.

should be replaced or adjusted as necessary,

Examine intake manifolds and turbocharger (s) f or deterir rstion. Clean and preserve as necessarv.f.

) Replace tarpaulins and secure.g.

RECOATING OF PRESERVED SURFACES.

) In view of the finite hfe of the preservative rnatorial,it is recommended that the surfaces be recoated as follows during
the term of storage.

Every six months, or less if inspection indicates need, all outside surfaces of the engine which have beena.
coated with Tectyl 502 C should be recoated.

)
Every 18 months alt interior surfaces of the engine and other equipment must be recoatedb.

Every 30 months all esterior surf aces which were coated with Tectyl 890 should be recoatedc.
)

GENERATOR.
Large,one bearing generators are shipped disassembled,and are preserved for shipment and storage by the manufacturer.
In addition to those requirements specified for engines and associated equipmer t, the following conditions apply to all
generators. Additional requirements may be specified by the manufacturer,

insoect Shipment - Inspect stator, rotor and bearing pedestal to determine condition as received Damagep)
to skid timbers is evidence of humping or rough handhng Damage to tarpauhns and plastic covers could enpose equip-

a

(''- rnent to moisture. Inspect leads and accessories Check bearing and shaft surface for moisture and rust inspect stator)
and rotor windings and test msulation reststance, a low value indicating presence of moisture or contaminant on coits
if generator is shipped as a sealed unit, do not open for inspection unleu there is evidence of enternal damage to the
packing

Insulation Resistance - Take insulation resistance tests on stator and rotor winding"every three to sin|[[ ' Ib.
months. Take a one minute reading with a 500 voit mery;er, Recommended minimum values are.

,

f

x megohm on stator and one megohm on rotor, A dry, clean wmding wdl test much higher. A more thorough test o
insulation is to continue magger test for one to 10 minutes The 10 minute reading should be much higher than the one
minute reading For dryout procedure, refer to generator instruction manual. This paragraph apphes only it generator
is not completely sealed

Storage - Shoutj be in a Level 9 storage f acility as defined by ANSI N45 2.21978.c.'

Bearing and Shaf t - Pedestal bearmg should be stored m a clean, dry area and covered or bored. The sleeve
bearing suff aCA is greased or coated with Tecryl for shipment. For long term storage, a desiccant placed inside the

d.

,
covermg is recommended. ,

CAUTION'

w:_-

Some desiccants may be corrosive on contact.

Level C storage is recommended Bearmg and pedestas parts should be inspected af ter the first month and every three
months thereaf ter. They should be cleaned and regreased if necessary. Unpsmted surfaces on bearing hous ngs should
be kept covered with grease or Tectyl 502 C. Unpainted parts of the shaf ts are covered with a rust preventitive such as$

Cosmohne, or with Tectf 602 C, and should be inspected every three months if bearings and thatts are not ass *mbled,
8

I t

then set both parts on a block of wood, oreserve with Tectyi $02 C and cover.
-

r :

All generator equipment must be mspected 21 ses month intervais by the manufacturer's servae rectnenx ;
'

tative The wmdegs must be megged at this time, and accurate reports sent to Tranumerica Delaval,and to tr,e manu
e

f acturer of the generator.

5-C 6 mo ae
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PART D -INSPECTION AND MAINTENANCE RECORDS*

.

GENERAL.
In addition to operating records, and any other record which may be kept by the owner or operator,it is
recommended that a permanent record be kept of essentialinspection and maintenance observations. A series
of" Inspection and Maintenance Record" forms.Transamenca Form E 267 (Figures 5 D 1 through5 D 16)are
available for this purpose. These are used by Customer Service Representatives to record clearances torques,
and other vital inspection observations and conditions. These records wilt be of great value in the future
planning of maintenance and overhaul requirements, and to assess the wear trends and performance
characteristics of the engine.

INSTRUCTIONS FOR USE.
To be of value in helping to determine both present and f uture repair and replacement needs,it is essential that
all information be accurately recorded The following should be observed when using the forms

Torque values should be recorded in foot pounds (ft lbs) unless otherwise noteda.

Cleatances should be recorded in thousandths of an inch,i e. 4=0 004 in ; 2=0 002 in , 25 0025 in ,
12=1.002 in.; 1.25=1.025 in , etc. If other than inches is used, specify on each sheet the unit of measurementb.

used

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

The heading of each form is filled out as followsd

Component Group Title. Pre ponted with name of major component which is covered by that1.

sheet.

Parts Group No: The three digit parts group number 1o whichthe component group belongs, and
2.

in which it may be found in the Parfs Manual

3 Sheet. The 6dentity of the record within a parts group

Page. The page number for a particular parts group / sheet.4.

5. Customer; Fill 6n name of owner / operator of equipment.

Equipment Location Physicallocation of equipment, specified by name, position number, or6
other descriptive term which may be appropriate to clearly 6dentify the location

7, Engine Model. Complete model as appeanng on nameplate

Serial Number; The number appeanng on the engine nameplate Usuatty consists of a five digit8
group, a dash and a four d# git group.

Customer's designation: When an owner or operstor has a specified designation for the engine9
within his system which serves to 6dentify it to him, enter this desegnation

(Vn)
to Total Engine Hot,rs. Hours since first startup

t

5 D-1
ou
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PART D -lNSPECTION AND MAINTENANCE RECORDS (Continued)'

Hours Since Last inspection; The time between the present Total Engine Hours reading and the
11.

tast inspection.

12. Date This inspection sett explanatory.

Prepnnted Indicates sources of instructions that should be used in conjunction13. References:
with the in.pection being performed

Ensure that the proper designation is entered on att sheets where the position of the component
being inspected serves to identify it. For instance, a separate sheet is needed for each bearing. each cylinder

e

head, each piston and rod, etc. Identify these stems

)

' nm
,

)

)

)
.

i

|''" '
-
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CAM 5 HAFT BE ARING SHE LLS - Model RV Engine 6 _. c

c-
c.:.cm.

s,

o. i a. =
.s u. = ..-

i,.

o a e.

irmieuct.on Manust. ssction 6. Part E
* * * * ~

.~ .. .For purpasse et recordme meermenon on
ww sorm, meer. ass we awneered m _,
esguence.snart.no ra sae wwwr aswwie

-
- -

er rae sm-caer and and secusanne --
.- "

-

em.arifs she flyishest and - j 'd
. ; II~ . ;7s~

_1 ' I , J ' ;! _O
.y .

u_ _
-

< 3u_,
- .. u

I Sank tweame

THRUST CLE ARANCE
Move camshaft all the m ay afI with a bar then measure thrust La4
Clearance with a feeler gauge betweer) Camshaf t thrust Collar g
and thrust bearing

BE ARING CLE ARANCE/ THICKNESS
Measure bear eng shell to Camshaft clearanar with a feeler gauge. Or bearing shell theckneSS with a
micrometer. Indicate method used and record en appropr6 ate spaces below.

BE ARING TOf.AMSHAFT CLE ARaMCE - Fester Gmass
t ? 3 4 5 6 7 8 9 to

Left Bent

Right Senk

SEARatoG $ HELL THICKNESS Moometer I 8 9 10
1 i ? 3 4 S 6 7

Lef t Sar t

R @ tSenk

Remarks

O\
see i 1

Fogure S D 11. Inspection and Marntenance Record
Camshaft Bearing Shells
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GE ARSET Model RV En9.no s_ - L .a

L-

c m - . e- _m
e. . .

, , , , , , , , ,

o.= 9 a= a===wi
s L.= ea== =.a

.e .

o me eee e,

instruct on Mars.al. Sect.on 6. Pa,t E 8, Section B. Page 4A-=

3

3 3

'. ,s

..

.

9 L.H M.neCmundt.8to.w~"

e L.fi M.ne sees oe.e
e R#4 seene Castem.N G ur
e may*e se ne seem o.ee

i e Cf.84.Wu.'t o.er
h /

S, Lo.ee.wnsL,,s ,e oo ,enne ores. seer
osPN,

,,,,, ,o,

6 e o , a v.e e o. o. o.

,e o.sen.r,o**us one pres.= oe.e,,,oo eg,,eo,o.,e PNI e e oe
Posetions

6

Urdood we ve trem by loossneng eocher arms and by fiftog fuel tappets and meertmg p're through tappet housenqp to holde nt t on)
them of f the fuel coms Mort endt gear en four pet.ons. 90 degress apart (3.6.9.12 o' clock - see i ustra i

Mount a magnett base deaf mdecator with sts stem resting on the side
Seiect gent Deer to be measured (see table below) Zaro md cator, then rotate gnee in oppopteRotate gast to rarnowe all slack

of the gear listed in the " Rotated" columnderection to remove a4l slack. Os hof Mote $Istannery Gearf Rar:ord backW en oppropriate space on table
Rotate gPer to neat three poseteon,escord ng backlash en each pos#1*Dn, Mesaure backlash en tcast pas teons in each gner
psir lested on table
trupact tubrscatme ont norov imes insure good sprov petturn es obtained at oil gene mesha.

Betttain - Thousancths of an tre
Gear Pee

Rotated Stationer v 3 O'Cloch 6 O'Csor b 9 O' Cloth 12 0'Ciott

1 2

3 4

2 5

4 5

7 6

8 2

9 8

10 4
A

o \ nsit\ /
'V e set =

t

Fogare S D 12. Inspectuon and Maontenance Record.
Gearset
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CYLINDER HE AD - Four Velve s_ : 6

c

c.r_c
e.

say e

o,.
. use

v .a., .

o. a w e a.

trairwete idenual. Sect on 6. Per18* * ~

Cv inoer No teaa.e

Too view of Cyhnder Head

O O
Record all identification numbers and letters apoeering in this locat on

() (;

'**"'d'c*'"""'"*'''

O

O O .- ,r,.

C %h)
n

Ues dispem at left to sketch any obnormeht.as soonering on tne
cyhnder head combustion suristas and vefwe seats RecorC, comments

Combuste Chambe, retettw to Condition of cyhnder head in scaces be40w
$ede of Cytender Head

'' Combustion Surfecas

O
&C

O O NOb vein seet Cond.ieon
O'

@) f
.

'
'

8O Og
O / -e~<-

0 to

O
v

0. C
oirer teocify:

|

| -

: p ie.e i i
! 0

i

Figure 5 D 13 Inst.cCroon and Maintenance Record.
Cylinder Head
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c_. . . 360 2 1 "INT AKE and EXHAUST VALVES a -. 6 a

c

c.:_..
,

om ' a* === *.a. s= 6 ww=. a
v . e a.a.

c. ... e ,
~ . . -

instruction "~'.5ect on 6. Part B
Cylinoer No / Bank

a

'

nr ,q),- $. Ni8. '

.. Yd ,

j .'
'

a-I i _
Fgure J,

NE. Sie i . ,-

n,lr; h !-- * % z'
_a

7
sm, -

* * " " " ' ' ' " * * " " * ' * ' * "

Ag 7. . ' ~
.ac2 -s . ;

. gj
Fgure f foure 2 reure d

Velve-To4uide Deerence
Measure by noting detlection on valve head while rocking vatve in its guide Remove wedges resainers
for rotators) and springs Lay cylinder head on its side with valve avis in the horitc.ntal plane Leave a
wedge on valve stem and push valve out until stopped by wedge hitting guide hee Figure 2)
Position a deal indicator as shown in Figures 1 and 2 so that spindie of indicator rs bearing against side
of valve head on the A-A amis (see Figure 3). Zero the indicator, then apply sufficient pressure by
hand at a point diametrically opposite the spindle to move the valve in the guide. Record this deflection
Pepeat the process in the B-B amis and record all readings in the space provided below See Figure 1
for valve identification (EX 1. IN 1. etc.).

. Amis /vesve Ex1 EW2 iN-1 IN 2

A-A

B-B

Valve Head Thickness
Measure valve head thickness (Figure 4) with a mictormter and record in space below

volve Ex 1 Ex 2 W1 IN 2

Thict nues

General inspection
inspect valve for general condition and not all abnormatities or other significant information below

h r.-... e ,,e , ,a ,

!

Fogure S D-14. Inspection and Maintenance Record. {
Intake and Exhaust Valves ,
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__ _ ,_NJECTION PUMPFUELI a .se .a
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. . . ~

.. .. .- -.
. .

, y p- . ..n

4;; ,=.- _ n

_.M.~ . . . . .
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Fogure S D-15 Inspectron and Maintenance Record.

FuelInjection Pump

5-D-17
a,av =

:



'
-

-. - . _ . ;

- , . _ _ _ . . . _ _
. _ _ . -

s.o-is |

') InStruCliOn Manual -

xj I

i

Inspection and Maintenance Record
T Transamenesselevel .. . . . .

365 2 1. - . , _

FUEL INJECTION NOZZLE and HOLDER .-.6.
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....- - ....~,,,,..w...r,..
Asacci.t.d Public. ton M.rm.I. ,.e ''8.ndia"

OVERHAUL 0AT AlNSPE CTION DAT A

.-.

I d C T.J'
-

-
,

3I ., g 0-
, ,e . .. -

1 I ,!! "Li & J

,
'

E5 ,

o .. . . . .
o o

'
1

*
'

3 R

4 R
L

5 R
L

6 g
'

7
R
's R

9 R
'10
R

X T X)<TTT

**"* ' "".::::p. (;,g -C[ (CIb M.::::.~a-; :~ -.

:: ,...

. ..
.-.. . ,:::',:: ."

/ /.i---
,

Q . g/.Qi .
,

. .. ~ 1
,,

'8***

UC L.
on comm.nu

,r m

(V ' , . . . .

Fogure S D.16. Inspection and Maintenance Record.
FuelInjection Nozzle and Holder
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SECTION 6

OVERHAUL AND REPAIR

)
PART A-GENERAL

I
ROTATION Ai?D CYLINDER DESIGNATION. h flywheel end.

Crankshaft rotation and cylinder bank designations are determined while viewing the engine from t ed f the engine fromg

Number one cylinder on sad bank is that nearest the gearcase, or auxiliary end, on the opposite en ohand or left hand according to the side of theI
the flywheel (see figure 6 A 1). Engines are designated as either rightg

engine on which the controls are mounted.
)

nioHTsANK'

I vE Fn*

F LYWMit L END]f J'
s

- ~

! A 't,-
q_

) [ T_

N-

L *

M un.-
F LYwHEEL ENo (RE AR)|c) stAncAstENo(FnoNT)

I T

Figure 6 A 1. Engne Rotation and Cylinder Designetion
I

identified by partorASSEMBLY OF PARTS.
Befoie starting any disassembly of the engine, observe that many ports are match-marked andthe same position in the same engined
assembly number. Engine parts which have been in service should be returne tod bearing caps.

from which they were removed. This applies principally to cylinder liners, pistons, connecting rods anNew parts should be marked in the same way as the parts which they replaced. Safety clips, cotter pins an
d safety

ain secure in use.
wire, where specified, must be re-installed correctly to insure that the parts rem

disassembly and assembly ofUSE OF ASSEMBLY DRAWINGS.
Referena may be made to the assembly drawings in the Parts Manuel to assist in the
various engine components.

M
Do not use the part nurrbers on these deswings for ordering replacement parts. The Parts Manual
should always be used for this purpose.

e

E

pa

6A1
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PART A - GENERAL (Continued)
,

'

CLEANLINESS. i

Cleenliness is essential to the proper operation of an engine. Care must be exercised to keep dirt, grit, and other debr sfrom entering any of the lubricating oil, fuel or cooling water systems as well as from the bearing surf aces of mov ngi

parts.

dTOROUING.
All torque values stated in this manual,unless otherwise specified, are based on the use of a thread lubricant compose

I
hite,or equal.

of equal parts by volume of engine lubricating oil and Dixon number two medium powdered flake grapThey do not apply to dry threads, of to threads lubricated with so-called " Super Lubricants". Dry threads can resu
I lt in
I d when torquing fasteners.

torque readings as much as fifty perant in error. The following procedure should be use3

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

Tighten all f asteners by snugging the first one, then moving to the one f arthest removed and continue in a
0 b.

uiss<ross pattern until all fasteners are snug.I
Unless otherwise specified, apply 20 rercent of the required torque to each fastener in the sequence de-le

40,60,80 and 100 percent of the prescribed torque va u .c.| saibed above, then repeat procedure in increments of

Active nuts which are secured with cetter pins must be brought to the specified torque value beforebeyond,

sttempting to align the cotter pin holes. If the hole in the bolt is halfway between the slots in the nut,or
d.

bolts larger than
|O the nut should be tightened to make alignment. If the hole is short of the halfway points, nuts on
(/ one inch in demeter may be backed off to the neerest point where it will align.

TOROUE TABLES.
Ref er to the Torque Tab!as, Appendix IV, Page 8-5 to find the torque value to be used when tightening f asteners on thehas been

engine. The tables are divided into two parts, the first being for those f asteners f of which specific torque valueBemuse of
assigned. The second part contains general torque values for use when no special torque value is assigned.I

h t d nuts are in-
their size, location and high torque requirements, main bearing cap studs are pre stressed when t e s ul l

stalled, rather than being torqued with a wrench. This is accomplished by stretching the studs with a hydrau ic too ,l i force to hold the
then tightening the stud nuts. When the tool is removed, the stress in the stud provides the c amp ng
stud nut in place.

,

3
>
*

I,m

f
(I

mnam )
6A2
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I PART A-GENERAL (Continued)
,

ADHESlVES AND SEALANTS.
The Ashlano Oil Company produces a 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 or set when denied oxygen. They utilize oxygen to keep the adhesive in a

liquid state while in its container, and during application. When the parts are assembled, however, oxygen is excludedand the anaerobic resin hardens into a tough thermoset plastic. The curing mechanism, then, is a combination of
)

contact with metal and the exclusion of oxygen. Copper and brass provide a very f ast cure,whereas iron and steel) ll f

provide a slightly slower rate of cure. Aluminum, cadmium and zine platings are very slow curing. Nonmeta ic sur acesdo not initiate a cure, and a special Locktite primer must be uset. The following paragraphs and tables are provided to)
)

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 is recommended for i specific use. For additional intormation,it is suggested that the)

product manuf acturer be consulted, or that inquiries be directed to the Transamerica Delaval Customer Service Depart-)
ment.

THRE ADLOCKE R SE ALANTS - An anaerobic adhesive used to prevent a f astener from loosening, corro-) a.
sion and leakage. Although not essential, the use of a primer will clean off oil, and accel 3 rate curing)

Apply to thread engagement area, filling the thread root. Assembre parts.1.
} For blind holes, put a few drops into the hold and onto tne f astener. Assemble parts2.

For already assembled parts, clean fastener or nut perting line. Apply Locktite 290 at the interface3.
area and allow the capillary action to carry the adhesive into the threads.,| [ \

)f (YI 4. Th 1adlocker sealants act as inquid lockwashers.
__

f CAUTION
,

Do not use Locktite on any fastener for which a specific torque value is assigned, and which
utilites a lubricant consisting of a 50-50 mixture of powdered graphite and lubricating oitg

222 290

LoCKTITe PacouCv 241 2?,1 27],

Nwts. Dette & screws Festenees & stwds Poeteners & stv4s Smelt screws Preessembled

up to la a>e ove,1" eia No. a & boiow testeaere imod
Applicotton generet owrooes

(m6en streasth) thigh streartal tiow steeneth s to heen streaeta)
tTnreceioseenet traed6wm stroastal

.005 .007 .010 .006 .005

I ' *8,''',, ,

Visc osaev 1000 800 8500 1000 12

(tP3 meen

beoemenev / a0/34 140/22S 100/146 40/20 40/200
Torewe en/in

eeeveiseas

8"**'"''*8'" 1600 2600 3a00 900 ia00

esa

45 to 300 48 to 300 48 to 300 45 to 300 45 to 400

rease WP 4 Cl 4 SS to 1491 ( SS to 149) 4 GS to 149) i SS to 1491 i SS to 204)Tempeestwee
8

20 mia/s hr 20 mia/4 hr 30 mia/s he to mea /s he to rain /4 heCwee speeds
without priease

e is twee/f wH

O cwe e .speees a mea /2 h, a maa/w t he 10 min /2 he a mia/ 2 h< het meew6eed

..tn . .m e,g f e a twee ttwit

(j, a",,*;a-*aad v ie.ti.non v t..t..a.o v 4..ti.ae>> v i tionen sea.
,,

Table 6 A f. Threedlocker Adhesives

6A3
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.

THREAD SEALANTS - Used to stop leeks in throeded pires and fittings.b.

Wipe threads with a clean cloth to remove any contamination.1.

Apply sealant behind leading thread, avoiding filling the first thread. Apply to only threesauarters of
2.

a thread turn. Assemble parts. Fittings will seal at any angle without heavy wrenching.

For pipes greater than two inch diameter, apply seslant to both rnale and female thread surfaces.3.

For leaking castings, isolate leak area, heat to drive out oils, then apply Locktite 290.4.

Pipe Sealant with Teflon (PST) seats moderate pressures instantly, and is superior to tape. It can be5.
used anywhere teflon tape is used.

Hydeauite S te.inieess t. iest mP6pe ses,sant Sw.atw.ta ve iaat oeuvitt emoover steinie u.ei e,
sp es.iv eem.

rewia powe,e,et.m spinne eseesa)s
ceaerei evepeee menes mee.o.o pipe

apon ei.ea meeooseenas sean=isens a smiase(Seenas
.00s.020one esinne .020 .006

ebentv. 6achee
12400.000veuwiv 400200.000 45 to 200IcP) Mesa 45 to 800

45 to 400 46 to 200
Tem pee ntwee i SS to 204) { SS to 149) c45 to 2e0) t SS to 149)i

eenge.*P (*Cl seeben etees- to men /12 he
24 he/72 he 45 min /2 he 20 mea /4 heCure speces

ese6aiene steet:wethewt petmer
96stwee/twH 2 he/24 he

(K Not meeweeedsteinions steoi*

\ ) it m6a/S me Not meevieedCvee speedsr
with primer 5 mia/2 he

U sintwee twasr NoneN toottonell
NP None

"''m'v* ******ee 6

Table 6 A 2. Thrend Sealants
Clean

GASKETING (Anaerobic) - For sealing flanges For gaps over 0.010 inch primer should be used
contamination f rom flange surfaces, apply continuous bead to one surf ace. If primer is applied to speed the curing rate,

c.'

or to cure through larger gaps, both flange surfaces should be primed. Allow one to two minutes for primer 1o dry, then
assemble parts with minimal interface movement. Torque fasteners to metal-to-metal firmness. Allow sealant to cure
before pressuriting.

PiestieOsaket Osen et
caek et Geom et oeeket E liminateehe uere

LoCufiTE pelooVCT Sts _

sto See _

G es t et Ste See
E i miaetoe Eismiaater Elim6netoe

t.eese geoe. seeintenence Seenne er seating Hegn sonesinar

Acoucation T eenperstwee tastentanni 4 espeer seaver t enei stewetweel steoaste
ceaeres Hign

pwesene goet ets
(oess ettagt

Gee feli6ag 010/060 .010/.020 .630/- - /.050 010/.060 .010/ 020

ee iitv. sacnee

200.000 to 700.000 to 1.000 000 to 200.000 to 200.000 to 6000 tovape emedieremed

vieseesty 800.000 1,200.000 2.000.000 800.000 500.000 7000

isP) meaa
Ste ength, poi 2000/1800 1250/2000 1200/1240 2000/1900 2000/1800 (S000

45 to 200 45 to 400 44 to 200 4 8 to 200 45 to 200 45 to 200
eneettiene.ie

eengeep <*Cl i SS to 1491 (45 to 2041 c44 to 149) i SS to 145) { SS to 1491 4 SS to 149)
f ems.eeetw ee

1 he/12 ha 12 he/24 &v
cweespeede I he/12 he 4 he/12 he 20 mia/12 he
witnewt pewaer

*-

8' hetwee/twH
Curespeeds 18 min /2 he 20 mente he Not meewwed 18 m6a/2 he 18 mea /2 he $ he/12 he

wenn oeimeeCN f eetweettwil Mester oesset
N loptionett Y )

{ |
( ,/ N loptieasil N tootleaoll None Pe.mermes emmended

me.mer
Table 6 A4. Geeketong Materist

|
|

|
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PART A - GENERAL (Continued)
.

RETAINING COMPOUNOS (Anaerobic) - Used to improve cylindrical part assembly.d.

Clean both surf aces with Locktite Safety Sofvent, or equivalent.1.

If faster cure is required, or if surfaces are inactive, apply Locquic Primer T to both surfaces. AllowI
2.

Primer T to visibly dry (two to five minutes) beiore applying retaining compound.I
Apply retaining compound to both surfaces. If Primer T has been used, parts must be joined withinI 3.

g f our minutes af ter retaining compound is applied.

6
Locxtett paoouct p.s!,3.g3 fic/sa0 sc/929

i n . ....a o, uowaun, ceawee wie n.eI Aposication
twapwetweestreasta

cviinoe6ces pertes pwepoes

I con fusine .01 a .0t a
.00ssaisity 6 acnes

t v co..t,
100 2000 7000

Icpp mesa

f 3000/800 4000/600 30o0/600Eneer strengen poi
eteet/sium.

45 to 300 45 to 300 45 to 450

rense87 (*Cl t-85 to 149) (45 to 149) t SS to 232)Temoseetwee

10 m6a/14 h, 30 mia/44 ne 30 mia/s 10 neCvee speeds toteoil
w6thout seimee

|Cs fintwee/ twit
;

5 m6a/30 men 5 min /44 hr 8 mia/510 heCwee soeeds lateel)h/ w6th p*6ener

fistveettwil

| T footionell T toptionell T tootionellnecommended
petm w

r

Table 6-A 4. Retaining Compounds
|

SUPERFLEX SILICONE ADHESIVE SEALANT - Forms a cured silicone rubber for use in gasketing.
sealing. bonding and caufking. Clean surface with Methyl Ethyl Ketone (ME K) or Locktite Safet / Solvent 755. Apply

c.

Superflea to one surf ace and asserr.ble parts.

con ein.ae Temoe. tve.
Annii,. eease vacwty sweasta cweesoeso

or taci ter vena . Toas.'e Time un
aeac e.

250 es to 400 reste 400 30 min /24 he

M to 204

Table 6 A 5. Superflex Sihcone Adhesive Sealant

PRIMERS - Locquic Primers (more accurately, Activators) are curing agents for Locktite anaerobic adhe-f.
lives and scalants.

Locquic Primer N assures fixture of parts within 15 to 30 minutes, and full fixture en 12 hours or less1.

Locauic Primer T assures fixture of parts within 5 minutes, and ful, fixture in six hours or less.
O 2

Locquic Primer NF auures fixture of parts within 15 30 seconds, and f ull cure in four hours or it:ssR,m
3

(v)
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PART A - GENER AL (Continued)
,

SAFETY PRECAUTIONS. t be

Personnel performing maintenance, overhaul and repair work on the engine and its associated equipment musi those precautions

aware of the h42ards involved in this type of work,and observe all safety precautions. In addit on tolisted in Section 4 for engine operation, the following are some of the areas in which safety practices are ni dicated.

I
Observe att specific Warnings listed in this manual for the operation being performed.

a.I au-

If,in the course of maintenance work, it becomes necessary to crank or operate the engine,thow prect b.

tions listed in Section 4 should be observed.,

When handling heavy weights, all weight handling equipment must be inspected bef ore use.I
c.

Exercise extreme care to insure that the weight of all parts being handled is under complete control at allI
d.

times.

Under no circumstances should any person extend any part of his body under any suspended heavy part.
,

' e.

When handling liquid nitrogen, or other super cold liquid, wear suitable gloves to protect the hands. GlovesI f.
should be of a type approved for protection against extremely low temperatures.

Crankshaf t should be blocked to prevent inadvertant movement when working in the crankcase.
g.

Do not exceed maximum allowable hydraulic pressure on hydrostatically operated tools and equipment.i ! h.
j 'n/

Do not disconnect any pressurized fine until you have determined positively that no pressure exists in the
i.

Exercise good housekeeping practi:es to provide good footing on platforme, ladders and other areas around
I j.

the engine and associated equipment.

Under no circumstances should any interfock, safety switch, or other safety device be bypassed, blockedk.
or othefwise rendered inactive.

s

!

e

8 jm

i -

U
.
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COMPONENT WElGHTS.
The component weights listed below are approximate, and are intended to assist in handling and assembly
operations. Suitable weight handling equipment of sufficient weight lifting capacity must always be used
when handling heavy and unwieldy parts and assembhes.

Approximate Weight (lbs)
I ltem

1100

I Cylinder head .................................................... 600
Piston and rings (less pin) ......................................... 120

, Pist o n pin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 624
I Master rod ....................................................... 700
i Link r od and box . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600

Cylinder liner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365
i Cylinder head sub-cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

Cylinder he ad cov e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 675
Camshaft (less cams) RV 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750; )

RV.16....................................... 20
, Cams (average) .................................................. 370

Main bearing caps: Front .......................................... 200
g Int er medi at e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300*

Front tear ...................................... 300
Rear rear ......................................

|/G
I

,

h

1

O
b
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PART B-CYLINDER HEADS AND VALVES

CYLINDER HEAD REMOVAL
Each cylinder head may be removed from the block independently of the other cylinder heads The cylinder head
has two intake and two exhaust valves. together with their associated springs, wedges. retainers. etc. Valve springs'

may be replaced with the cylinder head installed on the engine provided the piston is at top dead center to prevent
,

,

1

f ll

the valves from f alling into the cylinder. To remove a cylinder head from the engine, proceed as o ows.
)

0

Drain lacket water from engine.a.

'

b. Remove cylinder head cover.

.

c. Remove air jumpers.
b he

' ~ .

s

I Disconnect exhaust and intake air mani- . . .- g
'

d.
,

folds.

r
Disconnect fuel injection lines and norrie *l

* '

e. fe!
drain fittings.

bd );

| Remove rocker assemblies and push rods.
.

f. i

I Remove hydraulic volve littersif engine is so equipped. l

,
'

Remove fuel injection norrles and holder
p

g.

assemblies. ,

'

1 ,

h. Remove cylinder head su> cover,

i. Attach lifting fixture to the f uel injection

studs as shown in Figure 6-B 1. Attach an overhead *
,.g

hoist to the lifting ring of the fixture.
$ f' '' <"J 3

|I ). Remove cylinder heed stud riots and Figure 6-B 1. Cyhnder Head lif tmg Fin ture

,

washers.

Lif t head from block. If head sticks it may be necessary to take a strain on the hoist and break the headk.
| loose by striking the sides with a bobbitt or lead hammer.
.

I.
J

INSPECTION.
Clean inside of combustion chamber. Bar engine over until piston is at bottom dead center and clean and inspect upperi

l

portion of cylinder bore. Clean gesket surfaces of engine block and cylinder head. Remove intake and exhaust va ves
,

)l ,

Ref am and reseat as newssary, following the proadures outlined in subsequent paragr aphs.[j

j
>
E
a

|

6B1
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PART B - CYLINDER HEADS AND V ALVES (Continued)

.

been removed forVALVES.
Intake and exhaust valves on diesel engines are interchangeable. When replacing valves that haveh from which they were
grinding and seating, however, they should be returned to the same relative location as t at
removed.

VALVE SPRING REPLACEMENT (Cylinder Head Not Removed).' C.

Valve springs may be replaced without removing trae
cylinder head f rom the block. Remove rocker arm assem- " ' * " * ' " ~ aott *'a

blies and fuel injector, then bar engine over until the
g ,

piston of the cylinder being worked on is at top dead
center. This is important as the vatves can fall into the eamcatr

acarria estama a .

combustion chamber if piston not at top center. Attach \
a valve spring compressor tool,part number 005904155 ga}|,'Jf'=0
(see figure 6-8 2) to the cylinder head by positioning the h -- M "'"

I
tool support over the fuel injector studs. Plam a washer -' q-
on each stud, then thread a spacer nut on each stud to l i wacta nut

hold tool in place. Slide the adapter retainer over the
| f *"*'~

) valve spring retainer (figure 68-3). then swing bracket to j d[position compressing screw over adapter-retainer. Turn "" '" N _ _ ii

screw in until all stack is removed, check proper engage-
ment of the adapter-retainer to the valve spring retainer,

4 \ then continue to turn screw in, compressing the valve . 4 [' '}'

Spring When spring is compressed sufficiently to permit
.'/ e

,'r -
/s

>
0

removal of the two wedges (figure &B 3),litt valve by its [-'
'

stem and remove the two wedges. Slack off on compres- #

sing screw and swing bracket arm clear. Remove valve
, , , , , , , . ,

0""*'"a toot '

spring retainer and valve springs. Tool can then be used
to remove othef valve springs on that cylinder head. Notes

. , , , , , , , , , ,

that when tool is mounted on injector studs, all four my *{,m8 a,ayoa,a,vg5'y,Sf,,ag,
valves are accessible without removing cylinder head sub-

,

unacer novsa

cover. An alternate method is to mount the tool on theFigure 6 8 2. Valw Spring Compressor Tool
starting air valve studs, however, only the intake valve
springs can be removed with tool in this position instal-
lation is the reverse of removal.i

I watvi stiumioce m

VALVE REMOVAL FROM CYLINDER HEAD. ;*)pg|ao
With cylinder head removed from eng ne, install valve
spring removal tools as shown above, and remove wafve

j g /
;

springs. Remove valves by pushing out of guides on the j

combustion chamber side of the head
r

' I

__ @
@

"n
g--- @

i.

- e
2 a..kc,at()

m- ,
Figure 6-8-3. Valve Spring Retainer

6B2
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PART B - CYLINDER HEADS AND VALVES (Continued)
i

VALVE INSPECTION AND RECONDITIONING.
.

The seating surface of valves, particularly exhaust valves, may have the appearance of pitting due to small carbon
perticles which may have been trapped on the seats and impressed on the metal. This condition has no effect onI

operation unless there is an indication of blowby, in which case the valves should be reseated. Valves may be re faced
I on a standard valve re-facing machine, or on an ordinary lathe. The seating should be exactly 45 doyees. If done on

a lathe with a cutting tool, be sure to use very fine feed and a sharp tool for the final cut. If a grinding wheelis used,
, the wheel should be dressed for exact trueness before the final grinding cut is taken. Remove just enoughmaterialto
I 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 yinder. If a yinder is not available, use a 45 degreei
hand teamer. Face just enough for trueness and removal of pits. Limit width of valve seat to 19/3211/64 inch

I (1.5110.04 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

g '

i I cylinder head and the guide to insure proper alipiment when guides are reinstalled in the heads. Remove, clean and
inspect valve wides as necessary, it is not practical to rnessure exhaust valve in-guide clearances directly. Therefore, f
wear is determined by measuring the diameter of the exhaust valve pide bore et two points, one at a point one half inch j, ,

'| from the top of the bore and the other two indies from the bottom of the bore. Refer to Appendix 111 for the proper
bore diameters.

!

CYLINDER HEAD INSTALLATION. ;

j | Use new seals when the cylinder head is installed on the engine block. Make sure all areas are clean and free of dirt j
|

!
cr other foreign matter.

h |I \
.

a. Attach lifting fixture to cylinder head ts
,

|
'and hoist head in place over cylinder head studs. -

. .

N. r

1

3
b. Caref ully lower head into place, taking |

care not to damage stud threads or seats. |
>

,

t

3
c. Lubricate cylinder head studs and nut i

j threads with a 5450 mixture of paphite and lu-

|
bricating oil. Assemble washers and nuts on studs
and run down on the threads.i

i 1 ;

!

! d. Tighten nuts in incremer:ts, and in a
criss<:ross pattern, following the sequence shown
in figure 6B 4. Torque to the specified torque

,

I value. This procedure will pull the head down
evenly.

-

i
,

.

*
.

g
i. .. . ,

;
.

'-

i ! .

s en k'

h figure 68 4. Tightening Sequence for
'

Cylinder Head Stud Nuts.

6B3 au ms
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PART B - CYLINDER HEADS AND VALVES (Continued)

HYDRAULIC VALVE LIFTERS.
If the engine is equipped with hydraulic valve lifters, the lifters are installed in both the exhaust and intake valveil system is

rocker arms, between the adjusting screw and the swivel ped. Pressure oil from the engine lubricating osupplied 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 hf ter asserrbly

I
is extended by a combination of internal oil pressure andW
plunger spring force. As the valve is lif ted from its seat by*

the rocker arm. the valve lifter plunger is forced into its
f- / barrel, increasing the spring force and slightly increasingr!-

f -) ?,3 ; the internal oil pressure. This causes the hf ter check valve
jj to close and trap the oilin the pressure chamber. When theg ;! ,

y
s

' '

cam follower roller returns to the base circle, force on the
valve lifter plunger is reduced, internal oil pressure and! L ,

spring force extend the plunger, the check valve comes off,Dj ',a

g g its seat and oil flows into the pressure chamber to replace
g h any that was lost when the p6unger was depressed.

,

jf
VALVE LIFTER MAINTENANCE.

/ ,

e\ ,' ' The valve gear should require little maintenance underm
.

normal operating conditions. Since hydrauhc hf ters com-( \
) pensate for small amounts of wear in the valve mechanism,

,

g ,

\ ,,,,.'' j _ it is not necessary to make valve adjustments as of ten as
.

j 'j.TP"" J %[,, would be necessary with solid valve htters. If noise should] c

develop in the valves it is usually due to one of the followa
I E'[Yu M|

5

* "aTOi?"" ing reasons.
''"

! Tl2..,..o Insufficient oil supply to lif ters.a.

'h[" ~',

Air or air bubbles in the lif ter mechanism.b.
Figure 6 8 5. Hydraulic Va/w L//rer

Incorrect adjustment screw setting.c.
-

d. Dirt in the litter mechanism.

Lacquer or varnish deposits in the valve lifter mectianism due to the lubricating oil conditions.
e.

It is r.ot necessary to remove the litters from the rocker arm essemblies to perform a routine adjustment. When such andjustment.

adjustment is to be made, omit the following two paragraphs and proceed directly to the paragraph on a
,
e

LIFTER REMOVAL AND DISASSEMBLY.U
if it is nemssary to remove the lif ters from the rocker arms for Inspection and/or cleaning, or when installing newt
litter mechanisms, the following proudure should be followed.7

a

Remove the adjusting screws and pull valve lifter assembhes from cavity in swivel pad with a magneticD
a.

Q pickup tool.

GB4
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PART B - CYLINDER HEADS AND VALVES (Continued)

Insert a soft wire in one of the plunger fill holes then slide the plunger out of the barrel, taking care not tob.
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 a hard tool to clean the barrel or plunger as this may scratch the surfaces which are built to
g

6
close tolerances. Wipe all parts with a clean, lint free tag.

The condition of the unit may be best determined by performing a leakdown test. Specifications for a newc.
unit require that, with the unit completely assembled and filled with kerosene,the plunger should travel 0.125 inch in
one and one half to three seconds when subjected to a 50 pound load. Plungers are not interchangeable in the barrel as
the units are f actory assembled for a specific leakdown rate.

ASSEMBLY AND INSTALLATION OF LIFTERS.
Assemble fifters 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:

,

Hold the check valve off its seat by inserting a soft wire about 3/8 inch into one of the fell holes, then
h submerge the unit in clean SAE 10 or SAE 20 grade oil. Pua in and release the plunger repeatedly until air is no longer

a.

expelled f rom the assembly. This will purge the unit of air and fill it with oil,

Remove the wire from the fill hole and remove the suembly from the oil.The plunger should extend 1/8b.

| (O inch from the barrel and should not compress when pushed in by hand.
\ ]

With the rocker arms completely enembled and installed nn the cylinder except for the hydraulic valve; V
c.

litter assembbes ano adjusting screws (the swivel pad assembly is held in the rocker arm by a roll pin), fill the cavety of

the swivel pad wrth clean oil,

Insert the valve litter into the swivel pad cavity. The rocker arm must be kept in a near horetontal positson
I d.

after the lifter has been inserted to keep the lifter submerged in oil. Instatt :he adjusting screw and locknuts.

ADJUSTMENT,

After the litters have been installed, or if a periodic adjustment is to be made, bar the engine over to 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 contacts the lifter, but
does not mmpress it, then advancing the screw one additional turn. The alternate method (Method "B") is to mm-g

pletely collapse the litter, then back off one full turn from the point where the valve just seats. Either method, if
property 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 mmplete collapse when using the f atter method.

a. M ETHOD "A"

C
; U1 Hold the rocker assemblies tight against the pushrods to remove all play, then advance adjusting

f screw by hand until the end of the screw just contacts the lif ter under it, taking up all the slack in the valve operating
gear, Make sure the swivet pad rests squarely on the valve stem. Due to variations in threads, the feet of turning the3
adjusting screw is not sensitive enough to make an accurate determination as to when all stack has been removed. there

,E
fore, the feel for taking up the slack has to be on the pushrod or cross (intermediate) rod and the swivel pad on the
ed usting screw. Lift each swivel pad by hand to make sure that all clearance is removed between the sevel pad andi

} the valve stem

m

6-B 5
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PART B - CYLINDER HEADS AND VALVES (Continued)
Turn the adjusting screw one full turn (0.070 ind) with a wrench and tigMen the !:e anut. This will

(2)
locate the litter plunger near the middle of its 1/8 indi travel,

b. METHOD "B".

Advance adjusting screw with a wrend until the valve begins tolif t of f its seat, then advance adgusting
(1)

screw at least two additional turns.

Wait approximately ten seconds (longer if oil is cold) then back off on adjusting screw untiivalve
seats. The point at which the valve seats may be easily felt by the reduced torque required to turn the screw.

(2)

Note the position of the wrench at the point where the valve just seats, then advance screw at least
(3)

one+alf turn.

Back out adjusting screw until valve just seats. If the position of the wrench is the same as (3) above,i h le

the litter is fully collapsed, if not, repeat procedure until the position of the wrench is the same each t me t e va v
(4)

seats.

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

Swivel pods should now be free to be rotated by hand. If they cannot be rotated, the adjusting screw hasO

collapsed the litter to the end of its 1/8 inch travel and the valve has been lif ted of f its seat.
c.

Swivel pad clearance should be such that the pad cannot be rocked on top of its valve stem, if 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 hasnot been completely purged of air. This may be due to an improper adjustment caused by burrs or dirt on the adjusting
d.

screw threads, or because of incomplete purging of air from the assembly,

R

3
x <

! |

0
3 l
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l

|
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PART C-PISTONS AND RODS

Model RV engine makes it possible to remove the pistons and their attachedGENERAL.
i to remove the link rod and pistonThe design features of the Enterpriseg

rods by pulkng them straight out through the cylinder hners. Normal procedure sfirst, then the master rod and its piston. It is possible, however, to remove either rod without
having to remove the

first removing the hnk rod is

other, induding its cylinder head. The procedure for removing the master rod withoutd without temoving either

shghtly different than if the hnk rod were removed. Connecting rod bearings may be remove
rod and piston, and without having to remove either cylinder head.

The procedures in the following paragraphs involve the handling of heavy and unwieldy parts ind extreme
a confined space. All weight handhng equipment must be inspected before use, anl te

care must be exercised to insure that the weight of the parts being handled is under comp ef his body

control at all times. Under no circurrwtonces a%uld any person to extend any part o
s;nder any suspended part.

6

o cy -_ , _ _ .

-

s=. .

) . - - . . .

, , , , , , , , ,

- - .

k.a. Pus

-

"**
I

p4 = . = - -, , -
.-,

-

.- , _ _ ,,,
.

m.e.tT s... . . .

;::::.:'a Ot.::'=a, , , , , , , , , "
-. .

...

figure 6 C 1. Connecting Rod and Beariner

t of the

Refer to the below listed group parts hsts in the parts Manus / for a breekdown of the parts mvered in this par
PARTS Li4TS.

;
manual.

j
340 Group Parts List, Connecting Rods.\ a.

I
sV 341 Group Parts List, Pistons.

I b.

315 Group Parts List, Cylinder Block and Liners.c.

600 Group Parts List,Special Toolsd.

6C1
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PART C - PISTONS AND RODS (Continued)

SPECI AL TOOLS.
The following speciel tools listed in the 500 Group Parts List in the Parts Wenuel are required to perform the operations
outlined in this part of the manual.

I

Puton Pulling Fixture, Part No.00L59041 OWa.
b. Piston Ring Guide, Part No.18661

Paton Holder Spacer Rings,Part No. 00 59001 BM, c.
' d. Chain Puller Bracket Part No.16103

Connecting Rod Saddle, Part No. 00-50001-OS' e.

f. Saddle Plate, Part No. 00 590-010T
Master Rod Bar Assembly, Assembly No.1 A 3036g.

h. Chain Puller, Part No.15484

' l. Chain Assembly,Part No.16097
J

J.
Locking Ring Assembly, Assembly No.1 A 1646 <

Liner 04ing Installation Ring, Part No. 02-59001 AEk.

D%
/

a s

d
%

\

6\ jc
T

JAttihs statu
3

CNAIN PukLie ,'
StACatt f 4 -3 \,Qg

,i .

t
w

y1Q p ..ui s u. .cMAlh PWLLIA i

b [_[ l 4
co==seti=s soo
smoo6t a Platt g j

ust two (naths

figure 6 C 2. Bearing MepINoment Tool Arrangement

REPLACING CONNECTING MOD BEARINGS We Figuee SC.21,

Connecting rod bearing s5elfs may be removed for inspection and/or replacement without ha.ing to remove the pistons
and rods f rom the engine. Special tools, positioned as shown in fegu'a 6-C 2, ere needed 1o accomplish the sob Hemove
engine side doors adiacent to the bearing to be pulled. Positon erankshaft with crank at the twelve o' clock position and
block aankshaft to prevent further movement. Proceed as follows.,

Loosen f our connecting rod bolts and rod to bon bolt slightly, but do not remove
E a

v( Install connecting rod saddle a4 plate on master rod s.de of engine. Adiust jacking screw of tool to poolion>

b.
saddle snug against master rod to hold rod in place 6pinst erankpin.,

l

|
1

|

I
- -- -
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PART C- PISTONS AND RODS (Continued)
-

Attach chain puller bracket to side of crankcase, then attach chain puller. Attach chains to each end of lenkh ld
pin with capscrews, connect other end of chains to chain puller and take up slack with chain puller as necessary to o

c.

the link tod fitmly against the crankpin,

Place a piston holder spacer ring in the lower end of each cylinder hner, then install two lackeng assembbes
d.

in each cylinder liner and bolt in place to retain the spacer rings.

Adjust locking ring assembly jacking screws unti: spaar ring is snug against skirt of piston, holding it in
e.

plam in the hner,

Remove connecting rod bolts and rod to-bon bolts to free connecteng rod bon from master rod Stack off
chain puller to allow box to swing clear of bearmg shell. Adjust locking ring assembly jacking screw as necessary to

f.

prevent binding

Back of on conner. ting rod saddle jacking screw until master rod is clear of crankping

Support lower bearing shell by hand, remove locking clips, then remove both bearang sheijsh.

Inspect. clean and replace bearing shells before working on any other bearings. Only one set at a time should
,

h i.
be removed,

-

i. Install bearing shells and lock in place with chos.

Use connecting rod saddle jacking screw to position master rod firmly against bearing shell Locking ring
[3 assembly and sacking screws may be used to Aust vertial position of rod.11 may be necesLsty to rotate the bearing

k.

() shells slightly to help with dowel engagement.

Tighten cha,n puller and guido connecting rod bon mto engagement with crankpin and serrated loint of
1.

master rod.

Install connecting rod bolts and torque to the value specified in Appenden IV.m.

Remove all tools and blocking from enginen.
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Figure GC4. Took Insts/M for Removing heron avut lmk Rod
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fogure 6 C4 Ufring Poston and Una Rod from Cyhnder Uneri

i

LINK ROD AND PISTON REMOVAL.
With the cylinder heads removed and the engine side doors removed, bar engine owr until rnaster rod peiton is at top
dead center, then block crankshaf t to prewnt further mwement. Refer to figaa e 6C 3 for installation of the scecialr

tools that are required for piston and rod removal.

Attoch piston pulling fin ture to erown of link tod piston.
i .

a.

Placs a pee of one-half inch plywood wrtecally on inrwr side of outer cylinder hand studs to prevent
b.

piston from coming into contact with studs

Suspend a one ton capacity chenf all from plant crane book and attach hook to side lifting hoes of pulling
c.

fiature.

Attach chain puller bracket and chain puller to master rod side of crankcase.d.

Install connecting rod saddle and plate to master rod side of uankcase Adjust to hold rod snug apost
s.

;
aankshaft

;

p:
8

'

\j

6CA
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Figure GC-5. Took Installed for Pisaan and Master Rod Removal
, p
, \, Attach a chain to each end of link pin with capscrews end cx>nnect other ends to chain puller and take upf.

I' stad in Chain.

Remove connecting rod bohs and rod tobox bolts (see figure 6-C 1) then slack of f on chain puller, allowingI
g.

link rod box to swing clear of crankpin.i

Use chain pulier as necessary to position connecting rod while clearing bou from crankshaft. Adjust untilh.
hnk rod is in line with the amis of the cylinder liner.

Coat watts of cyhnder hner with clean lubricating oil, then piece a piece of 3/32 inch compressed pisket
rnaterial between link rod box and hner wall to prevent bon from scoring liner wall. Coat side of guket material which

i.

' ~ contacts liner wa'l with clean tubriceting oil.

Carefatty hoist piston and rod out of kner with one ton chainfall, taking care not to allow piston to bind
J.

in hner (see f qure 6C 4).

When tettom end of connecting rod box is clear of kner, move piston and rod clear of eng'ne and lower to
k,

floor or a suitable stand.

e
()
E

p:
s
w_-

,
.

O
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PfSTON AND MASTER ROD REMOVAL (Link Rod Removed).
Atta& special tools as shown in figure SC.5 and take up slack with chain puller to hold master rod in place against the
crankshaft.

Loosen connecting rod saddle assembly then stack off on chain puller until master rod swings clear ofd rod
crankshaft and is in line with the cylinder liner bore. It may be necessary to adjust the position of the piston ana.

with the chainfati,

Rotate aankshaft approximately 30 past top center, swey from master rod to permit rod to clear crank.0
b.

shaft journal.

Pull piston and rod in the same manner as piston and link rod were pulled (see figure GC-6L
c.

|
i

Plstose PutLl4 j,
PlatWes

@
PLtwo0D

,

4Asast MAtsalAL_
s

QD )), mr- - g

.

Figure GC4. Lifting 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 bon
and piston, or the cylinder head on the link rod side. I

'

past top center.
Position uankshaft with the crankpin for piston to be removed at approximately 30

a.
Block flywheel to prevent further movement of the crankshaf t.

;
Remove cylinder head on the master rod side, above the piston to be pulled.>

8 b.

Instaii toois and handiing equipment as shown in f>gure SC 2 except that a piston hoider space, ring needO h hook of
V not be installed on the master rod side. Attach a piston pulling fixture to the master rod piston and attac

c.

overhead crane.

.

6C6
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.

Separate connecting rod box from master rod, and slack off on chain puller until connecting rod box isf d ket
well clear of crankpin with the link rod resting against the lower end of the cylinder liner. A piem o compresse gas

d.

rnatorial or leather should be used to protect the liner,

Remove chain puller, chain and pul!er bracket from master rod side of engine and install on link rod side.
e.

Connect chain to master rod as shown in figure 6-C 6 and take up slack,

Back off on connecting rod saddle lacking screw and remove tool. Slack off on chain puller and hft pistonf.
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 assemblyhde

is resting lightly on the piston aown. Remove piston pin retainer rings from grooves on ends of piston pin then s
pin out of piston. Lif t rod asembly clear of piston.

REMOVAL OF A SElZED STUD,

When it is evident that a bolt has seized in the connecting rod box do not attempt to f orce it. The folle ving procedure
is recommended fof the removal of a seized connecting rod bolt.

Position aankshaf t to place connecting rod at its closest point to the engine side door and block crankshaft
a.

to prevent movement.

Leave at least one good bolt in position to hold master rod and connecting rod box together while seited
n
(j)I b.

bolt is being removed.

Form a snield of a suitable fireproof material around master rod to catch molten metal and slag. and to
c.

prevent it from falling into the engine base,

Cut off head of seized bolt with an oxy 4catylene cutting torch. Exercise great care not to damage thed.
mastaf rod with the cutting flame.

Clean out slag and burned rnetal, and remove shield material.e.

Install a connecting rod saddle and plate to hold master rod firmly against crankshaft journal. Install toolsf.
and fixtures necessary to remove link rod and piston. See figure 6 C 3.

Remove remaining bolts and caref ully disengage link rod and connecting rod box from master rod. Caref ully
guide headless bolt stud through its hole in the master rod. Allow the knk and box to rest against the lower edge of the

g.

cylinder kner,

Place a shallow pan of water beneath the stub of the seited bolt to catch the molten metal and slag when
the stub is cut off, then cut the stub of f approximately one inch from the surf acs of the connecting rod box.

h.

Clean debris from the area then remove the link tod and piston assembly from the engine in the normal
l.

manner. Remove the connecting rod box from the hnk fod.

Set connecting rod box up on a good radel drill and drill out the remainder of the seited bolt Esercise
care to drill the bolt on deed center to prevent dama2e to the threads in the tapped hole in the connecting rod box.

j.
.

$
Try a new bolt in the hole to be sure the threads are good and that the bolt will run f ree in the tapped hole.*

[m' k.
j

Reessemble the link rod and connecting rod box and place the piston and connecting rod assembly in the
r

'v J ;
l.

engine in the normal manner. Use new locking devices when assembhng the hnk tod to the hek pin..
l

f

|
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f

INSPECTING CONNECTING ROD MARINGS. t

Inspect both upper and lower bearing shells for weer and general conditton. Record all inf ormotion (on the approptia e
inspection and Maintenance Record sheet) for future inf ormation.

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

a.

I

Measure with a bell micrometer
_

st all pomts marked "X**. Avoid ,_ _,, ,,
*

crush relief area at end of shell. w
-AF- ,-

--

q. . __,__

.

tss

; : :
*

|
.--,_ '

I , .
Nkg

Figure 647. Meneuring Bearing Shell Thicknees

Measure thicknees of bearing shells. Use a ball mictometer and measure each shell at sin points, as mdicated
b.

in Figure SC.7. Refer to Appendix lit for permissible limits.
'

Perform a non<$estructive dye check on 911 surfaces of both shefis.
c.

Besed upon the results of the above inspections, make a determination as to whether the bearing shells are
d.

acceptable for f urther service.

CHECKING PISTON PIN CLEARANCES. d record

An ideal time to measure piston pin to bushing clearance is when the peston and rod are disassembled. Take an.

the following measurements.

Measurs inside diameter of piston pin bushing with a m;crometer. Measure in the vertical (A Al and theh f m end
horizontal (B B) planes,90 apart (see Figure 6-C 8L Measure both ends (flywheel and gearcase), two mc es roa 0

of bushing-

Measure piston pin outside diameter in two locations, two inches in f rom each end, m the vertical (A-A) and
b.

hotisontal (B-B) planes in each location.

Compere dif foronces in measurements. Consult Appendsm lli for the specified clearance limits.
c.

T,

N

F
t

i

1

|6-C 8
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PART C-PISTONS AND RODS (Continued)
,

INSPECTING CONNECTING MOO. #

Moke a carefuland thoroughinspection of the connecting
rod, the piston pin bushing and the piston. Removeall

----
^

|0' I B
carbon and warnish deposits from piston and accessible

.

atens of ring yooves. If it is deemed necassary to remove
o,

| | 4
piston rings for cleaning or replacament,or if it is neces-

1 I
sery to disassemble the piston itself, refer to the appro- ' '

'o "priate paragrsphs that follow.

0
,

;wu
Figure 624. A0eesurits Ponton Pin in Bushing Clearances

CHECKING PtSTON RING SIDE CLEARANCES.
Measure piston ring side cteerances in the groove with a feeler gauge in three positions.120 degrees apart (see Figure
6C9). Record measurements and consult Appendix til for permissible cleerances

s

i

Use a feeler gauge and measure
l bI

-]p[ et points A,8 and C.p _ _ _ _ _ ye

., r
SideCleerenes

|| e
;i

1 1

* A C
'

|

Location for taking
_ sa gsp eies,- ;

..,

Figure 6C9. Pieton Ming side Cherence

PfSTON RING REPLACEMENT,

Piston rings may be removed from power cylinder pistons for cienning, inspection and end gap clearance measurement,

provided care is emercited in the removel and handling of rings. The decision as to whether to reuse the piston rings, orto instati new rings must be bened on en evolustion of the condition of the rmgs,and the prospect of their giving ade-
quote performance for en acceptable length of time. A piston ring empender tool must be used when piston rings are
removed from a piston. The practics of usmg strips of leather, pieces of betting or other means to paso the ends of the
piston rmgs to remove them by hand is discouraged. The use of such makeshif t tools will usually distort the rings and
make them unfit for further use. A # O Adensherurtny Comineny tool, No. 892 has been found to be an encalient ring
empending tool Starting with the top ring, empend the ring and slide it up and off the piston. If the rings re to be teI i

used, they should be identified and tagged as to the piston end poove so that they will be teturned to the same relative
*

,

g position.

f6C9
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Cl.EANING PISTON RINGS. i Rings can best

Hardened steel scrapers, steel wire brushes or power wire buf fers must not be used to clean piston r ngs.be cleaned by immersing them in a commercial cleaning agent such as Turco, Transpo, Oak /te Carbewey,
Pennwa/t

CJoener 45, or equal. Follow the manufacturer's directions f or the cleaning agent selected

CHECKING PISTON RING GAP CLEARANCES, d in

Gap (end or butt) clearance of the piston rings is enessured with the ring in the liner. Used rings must be measured clearance must be measured when
the liner from which they were removed, and if new rings are to be used, their enf b Position ring in

installed in the liner in which they will be used The rings must be square with the surf ace o the ore.l the alternate

one of two positions in the liner, the preferred position being six inches from the bottom of the iner,d t nm from the top or bottom of
position being three inches from the top of the hner. Ensure that ring is the same is ad f i th a feeler gauge and

the hner all around to make sure it is square in the liner. Measure gap between en s o r ng wihen new, and the

record the measurement for the engine records. Appendix 111 Table of Clearances lists clearances wt reuse piston

replacement clearances in the case of used rings,it is suggested that it is economically unwise to attempt of t r f aced comptes-
ringswith end clearance eaceeding 0.155 inch for chtome faced compression rings 0150 inch or ape
sion fings, and 0.110 for oil controf rings.

INSPECTING PISTON. l d by

Inspect piston for wear and other abnormal conditions such as scuffing, scratches, etc. Pistons can be c eanek t outside
immersing them in one of the commercial cleaning solutions hsted for cleaning piston rings Measure s irf Take

diameter of piston at two locations, four inches below bottom rang groove and four inches above bottom o skirtfour measurements (A A. B 0. C-C and D 0, Feg 6C 10)at each location. Measure piston pin bore inside d.ameter at

(L 'j
either end in two directions, perpendicular to one another (A.A and C C, or B-B, D D)

,

i I l
,

i'-

A
y

.

4--p BD o

7
L. . ,CC ==

B oo
*

.

. |g-__
A

_L --

|
Fsure 6 C 10. Piston Measurements

DISASSEMSLING PISTON (See Figure SC 11). t nt,

If it is determined to be necessary to disassemble the piston crown from the shirt for forther inspection, or rep areme
proceed as follows.

Inspect connecting rod bearing shells for evidence of scratches, necks,burts, excessive heat and wear Clear >
f ance tables should be consulted for the required beariag shell well thickness,

a.

dc

Inspect pistons for weer or abnormal conditions Remove all carbon and varnish deposits from pistons anL) ilnoces

accessible areas of the ring grooves Unless they are to be replaced, do not remove piston rings from groovesb."
'

saty, disauemble pistons as f ollows.

6 C 10
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Figure &c.11. Piston Ateembly

Pm3 Its strap tabs clear of hem nuts, remove roll pins from tie studs and remove hem nuts.
(1)

Remove lok straps, spring collars, belleville springs and thrust washers from tie studs
(2)

i.

13) Separate orown from skirt and remove O<ings.

Clean parts thoroughly. If crown is to be replamd, remove four tie studs and split washers in tie
(4) I

stud holes in Crown.

ASSEMSLING PtsTO*l. .

lAssemble the piston as follows.

Measure depth of crown stud holes. Measure from raised inner ring towards the center of the crown. not|
from the 0.007" deep telieved area. Must be within toleranus (A. Feg. 6-C 11L

s.

install a hesq spring lock washer in each of the four lie stud holes Use Enterprise Part No GA-002 099> b
washer (0.388" i.D. 0 691" O D. 0.115" thickI. Do not substitute.

a

p) 4
Measure length of tie stud from lock washer end to Centerline of gf oov pin hole {0. F eg GC 11) Act.eptabt(

V
c.'

tie studs must be within tof erances.

6 C 11
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-

Install tie studs in crown with groov-pin hole up. Use Locktite "Threedlocker 242" on threads, and torque
d.

studs to 100 ft lbs.

Take a miaometer meewrement of aown and skirt pilots (C, D, Fig. 6-C 11). Must be within tolerances to
e.

ensure esse of assembly without damage to 0 rings.

Measure skirt spot face depth (E, Fig. 6 C 11). Should be within stated tolerances.f.

Install 0-rings on skirt. Do not twist rings during installation. Use no adhesive, grease or solvent on rings.t
g.

Mineral oil may be used to esse entry of 0-rings into crown.
's

Assemble crown ta skirt. Observe that there is a dowel pin in the crown which must enter the dowel hole in
h.

the skirt. Check 0-rings for proper positioning.

Clean each Belleville spring and the spring collars by dipping them in solvent then thoroughty drying Dip all
/

springs and collars into a 50 50 mixture of graphite and engine oil, making sure Washer faces are completely wetted.i.

Install thrust washer on each tie stud, then install exactly 13 Belleville springs on each stud, concave sidej.
towards skirt. Install 13 more Belleville springs on studs, concave side towerds crown.

Install spring collars on each tie stud, then install two lok straps as shown in Figure 6-C.11.k.

Apply Locktite "Threedlocker 222" to stud threads, and assemble hen nuts to studs and tighten fingerl / .
l.(/ tight. Do not lubricate threads.,

Align each washer stack with fingers to outer edge of washer stack is even. Torque each nut to 115 f t lb.m.
I then back off threequarter turn,

Retorque each nut to 105 ft lbs and check alignment of tie stud groov pins holes with put slots. Increaset

torque as necessary to align groov-pin holes with closest nut slot. Do not encmed 115 f t lbs.
n.

Check for proper assembly. Groov pin hole in stud should be even with, or a traximum of 1/16" above2"
base of nut slot. If within this tolerance, clean groov pin hofe and install groov pin, using Locktite "Threadlocker 22o.

If not within tolerance, check assembly of perts for proper sus and ct Mt number of springs.
e

Bend lok strap tabs up securely against side of nuts.p.

INSTALLING PISTON RINGS (See Figure 6-C-9).

Use the piston ring expander tool when replacing Diston rings on the piston. If the rings are being reused, insure thati Rotate

each thg is returned to its original position. Rings are marked either "UP" or " TOP M" on their upper s desrings in grooves so that gaps are staggered around circumference of piston. Take care not to spread rings excessivelyi three
while installing them on piston. Measure and record piston ring side clearance in groove. Take measurements n
positions (A,B,C) f or each ring.

REPLACING PISTON PIN BUSHING.

f
Use the f ollowing method to replace the piston pin bushing in the connecting rod.

,,

If a ' arbor press is available, press the bushing from the rod, otherwise, carefully split the bushing with a
p} hacksaw and drive it out of the rod. Remove all burrs and cteen the connecting rod.

a.
I

V

6-C 12
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PART C- PISTONS AND RODS (Continued)
,

Place the new bushing in a suitable container such as a bucket or a deep pen.b.

Fill the container with liquid nitrogen. Nitrogen 8ewt should be approximately one inch from the top of
c.

the bushing to allow for handling.
I

Lay connecting rod on its side on a suitable support. Both ends of the piston pin bushing bore should bed.
acx:essible.

Wear suitable gloves when handling bushing to avoid injury to the hands. Gloves should be of a
type approved for protection against extreme low temperatures.,

When the nitrogen stops boiling, remove the bushing from the container and insert in the bore, taking care-

d stance

to align the oil holes with the oil passages in the connecting rod. Insure that the bushing protrudes the same i
s.

on both ends. The operation must be done quickly before the bushing expands due to hast pickup.)
>

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

Remove the bushing lock pin, split the bushing with a hacksaw to relieve stress, then drive bushing out of' a.( connecting rod box.' *

Clean the connecting rod box, removing all burrs and rough surfaces.e ,

b.

Place new bushing in a suitable container such as a bucket or a deep pan,I
c.

Fill container witn liquid nitrogen. Nitrogen level should be approximately one inch from the top of the
d.

beashing 1o allow for handling.

Lay the connecting rod box on its side on a suitable support. Three pieces of 1 Winch rough stock, laidh it

paraitel on a piece of metal plate, will provide adequate support for the box and act as a stop fof the bushing so t at
e.

will be flush with the side of the box when it is inserted.
.

'

.

Wear suitable gloves when handling bushing to avoid injury to the hands. Gloves should be of a
type approved for protection against extreme low temperatures.

When the nitrogen stops boiling, remove the bushing from the container,f.

Insert the bushing in the connecting rod box, taking care to line up the bushing cutouts with the internal
surf ace t.ontour of the box, insure that both ends of the bushing are aligned with the side of the box. This must be

g.

E done quickly before the bushing expands due to heat pickup.
>

C?
k )m

I

6 C 13
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.

ASSEMBLY OF PISTONS TO ROOS.
Assemble pistons, rods and connecting rod box as follows. Make sure pistons and rods are reassembled in the same
relative position as they occupied before disassembly,

Insert link rod pin in connecting rod box bore and position link rod on link pin.s.

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

Place piston upside down, resting on its crown. Lif t connecting rod with rod turning plate then lower
,

I
end of connecting rod into piston, shgning piston pin hole in rod with that of piston.

c.

Coat piston pin with molybdenum disulphide prior to assembling in bushing. Use a rag or sof t bristle brush.d.
Molybdenum disulphide is available from Transamerica Delaval under Part No. B4099-9.

- _ .

'

CAUTION
a

L_
Do not permit molybdenum disulphide, or any mixture of it to cnme into contact with any
threaded fasteners. The presence of molybdenum disulphide will allow specified torques to
overstress the fasteners. All torque values are based on the use of a 50 50 mixture of powdered
graphite and lubricating oil.,p
Insert piston pin through piston and rod. Clean piston groove and the outside end of the piston pin retaineri /

rings and insert retainer rings into piston grooves at either end of piston pin. Apply "Locktite" to ends of retainer rings
I e.

i
to prevent rings from rotating in the grooves.

I

i

w. _

-
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Figure 6-C 13. Cylinder Liner Ww Psrterns
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.

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 wahrt from entering the crankcase. The silicone seal goes into the lower esaling ring groove. It is recom-f i in s
mended that the liner be c6sgtazed before pistons and rings are replaced in the engine. In the case o new p ston r g ,f f a cyhnder liner

they should be installed only in new liners, or in liners that haw been dagtared. The glazed sur aces ohi h ot correctly seated will
which has been in service will not seet new piston rings cluickly or correctly. Rings w c are nfl

allow blowby of combustion gasses, and cause excessive usage of lubricating oil Severe blowby can destroy the oil i m
on the liner surface and cause ring scuffing and possibly even piston seizure. Chrome f aced compression rings will notf

conform to cylinder liners which are out of round by more than 0.003 inch per inch of bore diameter (0.051 inch orModel R 8 RV Engines). Taper faced compression rings and conformable oil control rings will not conform to kners
,

I f Model R/RV engines). No
which are out of round by more than 0.001 inch per inch of bore diameter (0.017 inch or'

Carbon deposits

piston rings will seat in liners which have grooves, ridges, or low spots on the surf ace of the hner bore.from the top of the liner above the piston ring travel area should have been removed prior to pulling the pistons. WashFigure 6 C 13
inside of kner with solvent and let dry Visually inspect liner and note any of the conditions illustrated by

LINER DEGLAZING PROCEDURE.

The Sunnen Model AN4115 portabte hone with double length stone holders, and Sunnen W47 J19 or W47447 stonesin the stone holders has been found to be effective for deglaring. The cutting ability of the stones can be improved by
cutting angular slots across the face of the stones. A hacksaw can be used to cut the slots. The slots allow the honing
fluid to more easily wash the cuttings from the stones. The honing fluid can be kerosene, solvent of soapy water, Patented honing oils are available, but are expensive and do not appear to do any better job than the fluids mentioned.

,q
Diesel oil makes a very poor honing fluid.

(, v4) Maintain a firm pressure between the stones and the surface of the hner bore to make sure the stones are
a.

)
cutting

Maintain a steady flow of honing fluid to the stones to wash away the cuttings and to prevent stone glaringi
Arrange a sheet metaltrough under the bottom of the cylinder liner to carry off the fluid and cuttings. Do not allow the

b.

cutting laden fluid to flow over the crankshaf t and into the main bearings. Lay a series of clean wiping rags between thei

crankshaf t webs and the main bearing caps to prevent splashed fluid from entering the main bearings. Exercise care
when removing the rags that cuttings do not fall into the main bearings.

Drive the hone with a powerfut, slow turning electric air drill motor. The surface speed of the hone stones
must be in the range of 25 50 rpm hone speed, and maintain a stroking rate of approximately 30 complete cycles per

c.

minute

Af ter the first minute of honing, remove the hone from the kner end wash the the surface and dry it.
#

Inspect the surface carefully to determine if there are any low spots, if low spots are f ound, measure the bore carefully
d.

with inside micrometer to determine if hner will be useable, or if it must be replaced.

Continue honing until all surface glare is removed. A properly deglated hner will have a uniform satin gray
' appearance with a good crosshatch pattern. The hnes of the crosshatch pattern should intersect at an angte of appros-

e.

imately 90 degrees.

Note
Each set of Sunnen stones has an instruction pamphlet which describes the boning procedure
This is an excellent pubhcation.

3 Household
! When honing isfinished, wash the hner bore well with a stif f scrub brush shd hot soap and water

laundry detergent in hot water can be used. Af ter washing, the surf ace must be dreed completely, and oiled with engine
f,

ew

f ) lubhcating oilto prevent rust. Use an air jet to blow out the lubricator tubes or other kner lubrication fittings to remove
'v ' ( hone grit which may have entered these fitt'ngs dureng horung

6 C 15
_ _ _ _ _ _ _ _ _ _ - _ __ __ _-.
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PART C - PISTONS AND RODS (Continued)
,

REMOVING CYLfMDER LfMER. lbi t ng oillines
If it is determined to be necessary to remove the cylinder liner from the block, first disconnect the u r ca iP No. OG59001 OV to the
at the bottom of the liner,includsng the elbow. Install a Cylinder Liner Pulling Fixture, artf block, it may

bottom of the liner, and attach a chain hoist to the lifting pod on the tool. Pull kner straight out o the
be neconeary to use blocking and a hydraulic jack to brsek the liner free of the cyhnder block.

INSTALLING CYLINDER LINER. h and coat

installation of the liner is the reverse of removal with certain additional requirements. Use new ses ng ringss The bottom soalisi

them with a liquid dishweshing soap, or a tire installing lubricant before mounting in kner groove . silicone and should be handled carefully to prewnt toering or nicking. It is essential that the liners e repb laced en theirI

h ks on the block. Ai

original positions in the block, and that the scribe marks on top of the liner be abgned with t e marA sakt ring device,it fits into the top
tool, Part No. 02 50041 AE facihtstes the installation of the hner in the block. bore of the block, and allows the liner with sashng rings installed to be lowered into the upper bore

block. Af ter the
til seated in block.

rings have passed through the upper block bore, remove the rings then continue to lower liner un
Remove liner pulkng fixture.

I .

Pls10M sin
g g EU I

/ )
_,/ O,.

'

PLTwo00 _
%

t ?s

\

LAssti 8%fsalAL_

' '

[<; %,w

%U
figure WC 14. hetoos and Rod InsteIIetion

INSTALLATION OF PitTON AND MASTER R00.
The following procedure apphes to the installation of the piston and attached rnester fod if the hnk tod was notd bo s.

removed from the engine there will be a menor wriation in the method of connecting the master rod and link to
Is

This will be covered in a subsequent peragrsph.
E

Lubricate walls of cyhnder hner with clean 'ubncating od.I \ a.V
Install piston ring guide over top of cyhnder liner.I

b.

6 C.16
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



.. _ _ .. _ ._....... . _
- _

_

Instruction Manual e CL _
PART C - PISTONS AND RODS (Continued) ,

Piece a pieca of onehalf plywood vertically on inner side of outer cylinder heed studs.c.

d. Position uenkshaft with aankpin approximately 30 past top conter, away from master rod tidd '9"M0
ka: % 89

Install a piston pulling fixture on the piston crown. Pick up piston and rod with overhead hoist and position .m
e.

over cylinder liner,
g

Lubricate one side of a piece of 3/32. inch compreswd gasket material with clean lubricating oil. Weapf.
around lower end of contweting rod with oiled side towerds liner wsII. ,t'%

Lower rod into cylinder liner (see figure GC 14). Hold piston rings in place as they enter the priton ring ,. 7

g.
guide, insure ring gaps are staggered around the circumference of the piston.

,

'

Continue to lower piston until connectir'1 rod bore is opposite crankpen. Remove gwisket material.h.

Attach chain puller bracket, chain puller, chains and matter rod bar, then rotate crankthef t towards rod
i,

e i.
By adjusting rod and trankshaft positions bring master rod into engagement with crankpin. Make sure dowel wats in

#,

dowel hole. Rotation of bearing may be necessary.

Install connecting rod saddle and plate on master rod side of aankcase two figure 6C 5). Adiust to hold -I
).

matter rod tight against crankpin.

I Do not rotate crankshaf t until link tod has been assembled and bolted to matter rod Block\ ,
crankshaft to prevent further movement

.

INSTALLING PISTON AND LINK flOD.
Use the same procedure for litting and lowering the piston and rod into the liner as was used with the matter rud if the )
knk tod and piston were not removed, but were retained in the hner with a piston holder triacer ring, the foregoing will f

/not apply. T he following prowdure, however, is apphcable in all cases

Attach chain puller bracket to matter rod side of canktsse. Atter.h t.ha'nt en same way at wet d'>ne fora.
master rod removal (sae figure 6C 3). Orsa connecting rod boa into engagement with trankpin and matter rod De su e

r

serrated goints are properly engegad. In the case where the bnk tod is retained by the piston holder spacer ring.adiutt- '
ment of the pcket screws and spacer ring may be necessary to achieve the notessary abgnment of parts

I

corte R PIN

w AeMs R '
L OC R *' 8 8

/ eLotteo Nut / _ -

h 3,sJi y'w. ,, . .o , *, , % [, .h .|s d
a

/ -.,7 ,

,:, ,e ( ,| ,,
o ,_

. i rs; qw;y ,,; s v , ,
- s 4 , . ':f, : s" y; o .%'a|b' ,< 1 * % ; '

'

f , J A f 48 %*r%*Nh'.1"l J (.' k (g) |1
+.it,

. ,n 4., < i , r,' -.

5.' "a
t

, ;f x V tQL j' '

* "+a y
,

|t- ~y,,> ,

! !
_

heure 6 C16. T4htening $*quence for Connecting Mod Gotts And Nuts
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PART C -PISTONS AND RODS (Continued)
,

Apply a mlature of powdered graphite end lubricating oil to the threads of the connectmg fod bolts and thet bolt head or nut toits in the counterbore of
tod to bon bolts. Assemble bolts, weehws and nuts. Install wethers to tha

b.
d in the sequence shownin

the weetwr, Tighten to torque specif *1 tn ttw Totaue Tables, Appendia IX in three steps, anfigure 6C 15. Safety wire the bolt heads and install cetter pins in the slotted nuts si shown in figvte
SC 16

Hemove all installation tools, brackets, fixtures and other instaitation equipment. Install cylmdet heeds.
c.

STATING NEW RINGS IN LINER. t nd an acceptable

New pitton tingsmust be saated in the hewt et culckly se is practical in ordet to estute a gr>od got saa , as

lubricatmq oil consumption rate. The following run in schedule should scoomphth these obiectivesg

a

Replace all covers on the engine escept cylmdet head covers.
Direct connecteda

Start eng;ne end run on diesel fuel at onehalf speed and no load for 16 mmutes (NoteDuring the f un entpect

marine propulsion engines drivmg fined pitch propelfors will hem a small amount of load).re fust 6niection lifws. and deep retu n
b,

r

tock et arms, vetves, pushrods, fuel injection pumps, nossle holde s, high pressu
r

hasdat to be tute all see secure, functiomng protely, and that there are no f ust leek s
Stop engine and temove uenkcase side door covers. Feel connectmo tod bastmg bonet, me>n beering caps,t

crank webs, cylinder liners and pastone to be sure there are no Indutions of encessive heat, Do not overtook the are,ec.

ed3acant to the piston pms.

Replace sti covw: and run engme et 20 (* cant loed for one hour.,(m) Stop engme end remote side door covers and cyhnder heed covers. Itet engine ove to ptsce each p,ston in
d

i i t rn at bottom
turn et top centet. inttet the lower pett of the boet bote fler engme (net to place mech p ston n u

e
8 hnet,

center and 6nspxt piston shif t, Instat tot 6et arms, roch er shells, nostle holders, h'gh prettute fuel iniectiondrip return haeder u2tmations, and all other mechanives under the cyhndw heed uavot to be tute att is 6n goo or erd di

i
and that there are no fuellaen:

Heptaca ell covers and run at 30 petcent load f or one bout.,
f.

inoeste load 1o 60 parcent and run for two hoursg

inomete load to 76 percent end run for two hou s
r

h,

Hajute load to 2$ pccent and run fof one hour.I.

inusew loso to 100 percent and run for two hours. j
Hetoed on Trentemeu Detent Form

Stop oryne end me6e a hot uenhthef t weta deflection etchh.

D 10f>3

Allow eng no to cool, then met e a thorough intwnst 6nstetito es a sub tersgraph e abovel.

Hepte<,e all coves and statt engme Tebe and tetord uild tompression pintu es Cold cornprespon the
a

r

m
should be made et 18$ tpm

Comtwo otesteg dets du ing 100 partent load run with that of the f actory tmt tecord, and w.th ovatetingr
n.

retotdi to be su e the segme is otweting at 11 shouldr * e v s '. i.

NoteE mp too t.,t,t,on,
Loeds for w, net not dnving gw.sto,s ain be deetmined b, f uennriion pu-

g

bp reietting to load /gpased Curves, or by obtatving the teletive pogition b the fuse (ontrol het er ,
t

( ;

or the ynWhat letminst stWf t lever.

.

6 C 18-
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PART D - CRANKSHAFT AND BEARINGS

MAIN StAMINGS. "

Main twat 6ny are made of aluminum alloy, the uppet 7""M.**dfj
and lower tworiny being inteschenyebie. The upper g
thell 66 held in ofete on the twating cap by twolock k |

e e oss y '**"'""
<pg, ) ,_

-"

,fptings and torket heed topttrem. Main twerings see *

X ,

g /- |front, intermediate and test, the number of inter.
__

'-

mediate twerings being determ6ned by the numfet of o 1 o;
cv nde,s. seating cop. ete secu,ed io tne engine be.ea
by tiuot (we fic,e ao n. oa p teget in,ough the 9OO9
twering can prov6de for beating shelllubricetion. To
pfevent en6el movement of the tranhthef t, thtutt
#6ngt eve etteched to the tear tweing caps, est.h te
tuted with button heed topscrews (we figure 6 0 21

Fogute 6 0, f Moon Bearong Cec

|(,o ht AMING CAP MtMOVAL,) g7,'

' ( (, ' .4p. r"*= =w Main test 6ng capt see pte ettetud by revent of e.w
y3 stee.iet tool, noemelly furnished with the eng ne, TheI A

M,b - b- tool contiitt of a pee strettet stiemtily (Pet No
1 A 1801), and adeotet (Part No. 00 to0 01 Oki and.

1 P -

e sporet (Part No 00 %0 010h.
;

/ //// -
/ / Memove lutwicat.ng oil fittingt, tempete

i
*

s./ ,/ ,/ / tuvo tanting dev+tet end lothing platet from stud nutt.
., / JQ

L. m/. ~// / g ~ t~.
.

6 An.h .denie,i io n,e ti,ette, einemuhet

p/ ',/,j// e~f pi,e e teme, ove, exh e two d enen, oppo.

/ tite stud nutt.
*/y

Une isch 6ng scre*t on mittometer bet toe.'-

fcate p6ston flenge against top of tyhnder, then both

f,pute 8 0 2 Ctena sheir Thtvet #'ar' off lech 66g tetows one quettet inch

Atumide e pro steetter to serh of the two ensin twoong top studt,runn6ng them down on the stud thees f td. -

until pte titettatt t'e snug againtt erfsplett,

Attah hydreuhe htne letween two pro stretwf t, end tot **en one pie strettet eruf a nuitable hydroube
putnp6ng unit. Bleed ett (f om tyttom try os* rung pipe plug on tetend (We ettettet then opeteting Pumping unit to tupply

e,

2 e smell peetture. When all sit buteldet diteppest, tighten p+pe plug

-



..

- - _-
,%-____

.

n) s.Da

([' Instruction Manual

.

PART D - CR ANKSHAFT AND BEARINGS (Continued)

, ~ '*

f. Slowly apply hydraulle pressure topre-
- #

etwmblies until bearing esp studs havestreswt
stretched suffic6ently to permit stud nut to be

_
@- _ , ,

loosened. Appvonimately 10.500 psi pressure will
' g/

, _

g
be required. Une a brott drift pin through the j g "'' v
spacer tide opening to loosen nut. Do not turn out ,

" '

up tight egeinst lowet face of edepter os it will N l
""""" % f| bind when hydreulic pressure is released. Do not ;*- 7 !:1

>,.

enceed mesimum elloneble pressure of If,600pel.
, . -

p. Y h ~,-l J "ip:
_

.
neiieve hyd,eutic preiiure on pre. % p-'

| .ireiwei. remove e,e tireiwri.ipeur sad odepters
g. '

4 ~4*
_

from stud. Remove stud nuts. m
W . .

Roswet procedure on tems6ning studs,
__ _

,_

h.
g following a crits cross pattern. Memove ett stud gy_,,

;

nuts end lift twering cep f rom crankthef t.( N'

' '
'

c
.

, ] :'

_

I /hure 6 DJ he Stresser Aenembly
Bt AMING SHSLL MEPLActMtNT.
if it is tweestery to temove the mein twee6ngs, temove the two socket head capscrews and lock tings that hold the upp.t8 ttoof

toering theil to the mein bese6ng eso end carefully remove the shell from the cap. Install e twering theft removaIPett No. 00 69001.Att in the crankshaf t journal oil hole then slowty totate the crankshaf t until the tool is twetingll out of the lousnel. To
against the twet6ng 6 hell. Sto*ty continue to fotets the etenkshaf t and tott the twering shed actews and pull the thtutt #6ngs Reverse
temove the thrust tings from the test beating esus, temove the button hea
the peocedure to install thrust rings and bearing thefis-

e ,

St AMING CAP INtf ALLAfl0N. The twering

Install tweeing esp in position in the toverse of det of removel. Teke core not to damage the twering shelli.
cep Bluds of e lightened et f ollowl,

Install pine to lock lower stud nuts to studt then place wedget between lower nutt and the baie cavity
bottom and tide weilt Check that height of stud and is 113/l6 6nch above eso mounting turf ace to twemet propers.

onpeysment with the gne strettet etwrtWy.

Lutwicote throede with 6060 mistute of oil eral rephite end tighten uptwt stud nuts hand tight Pieceht egeinst

spacets (Part No 00 690010K) to the gne streiwt essemthes. Use locking screws to toece piston flange tigb.

I top of cyI6ndet, Sech off locking screws 1/4 inch.

O> I Insteil pro streitet stumblies on two dieyinetty oppos6te stude end enternble the mectometer be' on the
8 e.N>

un# ts.

I

_ _ _ _ _ _ _ _ _ . - _ tvNO
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PART D - CRANKSHAFT AND BEARINGS (Continued)i i f ll weted. Tighten

Insert microrister head into the hole in the micrometer her, making sure that t s u y
d.

knurled knob to hold m e:rometer heed in place.
''

Attach hoses to pre 4treuers and apply preuure to bleed air,
h d of the bearinge.

Mun microri eter spindle against the micrometer pin until the pin is snug against t e en
f.

eso stud. Observe end ts.:ord the mictometer reading. l king screwi
| Loown kmfled knob and remove micrometer head from the micrometer her. Insure that ac

on pre streuers and be ked off one<tuarter inch for sech stud. __
t

3

I
CAUTION4

o

F eiture to back off on micrometer spindie will result in demoge to the micrometer.i

I h spacer opening to

Apply 10,600 psi pressure to preatteners and hold while using brass drift pin throug
h.

tighten nut snugly (ebout 60 ft lb). Relieve preuvre.
f dirt

This operetion is necouery to insure proper testing of parts and to minimite the effect o
!

{ or high soots on future reedings., l

Apply 10,600 psi preuute end hold.T6ghten nuts to a snug fit with drift pin (about 60 f t tb .,
l.

I 1,

i

Do not onceed memimum elloweble preuure of 11,600 pai.
Mun spindle snug sosinst

Melieve hydraulic preuvre and install micrometer head in the micrometer her.This is the amount the stud has
!

d

micrometer pin and record reading. Subtreet the first reading from this ree ing. stretched. Stud should stretch 0.064" 0.061". Mepeat operation if stretch is not within speci i
J. f ed range.

'-
d

Memove pre streuer essembbes and regeet operation on nest pair of desconelly opposite stu s.
k.

I

!

!

I

E

i ,

4
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PART D - CRANKSHAFT AND BEARINGS (Continued) f
.

CRANKSHAFT All0NMENT AND THRUST CLEARANCE.hi failure of the crankshaft.

It must be emphaslaod that emeessive arenkahaf t deflection con lead to en ultimate catastrop ch t learance be measured

This le costly in both tiens and money. It le recommended that etenkshaft elignment and t rus cimmediately after youtin; et shoeking of the unit,the day before initial start up, af ter the rst seveEngine and Compressor Division Form
I

fi n days of continuous
;

operation, and at sin month intervels therwahot. Refer to Trensemerice Delevel01063 (see figure 0 0 41 for en outline of these proendures. Note that space is provided for recor
ding both deflection |

i Delevel.8

end thrust clearance readings Copees of tils form may be obtained from Transamer ceig

I

CHECKING THRUST CLEAR ANCE.
duce satisfactory (

Emporience has shown that the feeler gauge method of measuring thrust clearance does not always prothe desired accuracy of foodmgs. A Sterrett No.196,,
'

d the indicator to be mountedteeults. The dial indiostor method is recoinmended to pro uce ll
et similar, type dial indiestor with rnspietic bees and entension rod long enough to a owk thrust clearances as follows:
between the engine and flywheti with the spindle bearing on the flywheel. Checblish en oil !,

Start sumiliary (S&A) lubriesting oil pump. Bar engine over et least orwhelf revolution to estak h ft |,

film between the mein beerings and their journels. This should permit sesy movement of the cran s a .e.

t beer

Mount diel indiestot on toer of engine frame, between frame and flywheel. Spindle of indicator mus
b.

on flywheel to measure horisontal movement of the areakshaft. spade- '

The erenkshaft may be moved forward and of t in the horisontal plane with a pry bar such as a heavy,enough for use inside the engine,
I

II i l

type, tempered steal digging bar, approximately sin feet long. Make sure bar s c eaninsert her between tear erenk web end neerset frame member inside etenkcase. Do not nser
c.

i t her deeply enough top

demage either the mein bearing shell or the arenkshaft journel.i
f d |

Pry arenkshaft forward, towerde the gestcase end as for as it will go. If the crenkshaft is all the way orwer . ~ller and the rear thrust

It should be impossible to insert e 0.0015 inch feelet gauge between the erenkshaft teer thrust coet.

t towards the minus direction.
ting. Zeeo the diel indicator, ellowice for et least 0.060 inch movemen

Note l lt
if etenkshaft eennot be moved to the limit of its possible travel by use of the pry her a one,
may be neesseery to bor the engine over with the berring device while et the some time emerting
a horisontal foros on the crenkshaft with the her to move it.

, ,

Reposition pry bet to move arenkshaft to the toer, towards the flywheel end. Pry crankshaft to the tearn the forward crankshaft :

as for es it will go es indiented by the inability to insert e 0.0015 inch feelet gauge betweee.
I

thrust coller and the forward thrust ring.

Observe dial indiestor, The number of thousandths (minus) indicated on the dial is the cr'ankshaft thrust,i s thrust clearance

clearance. Record readmg in the appropriate spese on Form D 1083, and compere with prev ou
f,

!toedings.

Note |

If there is any cloubt as to the soeursey of the reading, repeat procedure.R

OE
<

w
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PART D - CRANKSHAFT AND BEARINGS (Continued)

CRANKSHAFT WEB DEFLECTION.
The importance of crankshaft web deflection measurements is such that the care and attention to detail required tof
obtain and record those measurements cannot be overemphasized. Placement of the dialindicator is vitali accurate)

ih b

readings are to be obtained. Form D 1063 (see figure BrD4 illustrates the five positions of the erankshaf t at wh c wedeflections are to be measured, and the starting position of the crankshaft for each crank web. Care must be exerc seid
f k n and

to insure that the dial indicator is positioned in the center of the web, exactly opposite the center o the cran pi ,
one fourth inch from the edge of the crankweb. Take deflections as follows:

Remove engine side doors to gain access to the crankcase,a.

8er engine over in direction of normal rotation with barring device until number one crank is 52 degreesb.
after vertical bottom center,

Insert dialindicator between web for number one crank. Double check that crankshatt is properly positioned.
If not in correct position, it is possible that the connecting rod will knock the dial indicator out of the web asthec.

l

engine is barred over to the next position, insure the two bearing points of the indicator are in a line exactly paralleh id tor.
to the centerline of the crenkshaft. If indicator is not parallel, erroneous readings will be obtained. Zero t e n ica

12.3.4 8 51
With the dial indicator in place and not disturbed, bar the engine over, stopping at each position

as indicated on form D 1063. Hecord reading at each position in miss (plus or minus) in the appropriate space for eachd.
) g
) position.

Repeat entire orocedure for sam crankshatt web and record readings on Form D 1063.3
e.

) other and with previous measurements. Evaluate results, based on the
f, Compare all readings with sad)

standards set forth in the following paragrsph, and determine need for corrective action.,

DEFLECTION STANDARDS.

If the deflection in any crank of an engine in service exceeds 3 mils (0.003 inch /0 0762 mm), corrective action isindicated. If the deflection in any web exceeds 6 mils (0.006 inch /0.1524 mmh the engine should be taken out of
service until the f ault is corrected. Corrective action is also necessary of the total deflection in any pair of adjacent
cranks exceeds 3 mils. For example, if the deflection in one crank is plus two mits, and the deflection in an ediacent
crank is minus two mils, the total deflection is four mils, and corrective action is indicated.8 .

CORRECTIVE ACTION.
The nature of the corrective action needed to deal with excessive crankshaft deflections will vary, depending upon the
specific cause of the defect. The cause may be worn main bearings, improper foundation bolt torque, the foundation
itself, or the grouting, misalignment of the engine and/or driven equipment, or a combination of elements. For 6nstance,
excessive deflection at positions two, three or four in the crank web adjacent to the external shafting on engines having

a solidly coupled connecting shaf t usustly indicates misabgnment between the connecting shaf ting and the engineaankshaf t. In some cases replacement of main bearings may correct the problem, and often the problem is correctable
by realignment of the engine. If one portion of the engine base is found to be lower than other parts,it may be nects-
eary to lack the base with |acking screws and shim the low area. It trust be emphasised that engine abgnment is a
complan, trial and error procedure which should be undertaken only by experienced and quahtied personnel who areg

capable of correctly interpreting the web deflection pattern, and of tak6ng the appropriate measures to correct defects.s

It is recommended that the Transamerica Delaval Engine and Comprenor Division Customer Service Department bef [
consulted prior to undertaking any corrective measuresinvolving a suspected or confirmed aank case abgnment problem.VI

|

|

m o t'n
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PART D - CRANKSHAFT AND BEARINGS (Continued)
-

.

D

CRANKSHAFT WEB DEFLECTION AND THRUST CLEAPIANCE RECOR-

SERI AL NO. _
ENGINE MODEL _

ce should tie meetured by me diet indicefor
CUSTOMER _ t fore

ded unenediately eher youteeg or chockmg the u it. Se day se
use mis form to record teenkshe t eflecten end thrust eteerense information. Thrust c4eer sa

n
e cemas

aten, and each 4 months ttwesetter. Dohection and thrust c#earanc
e

duven. Record

nuothod. Deflection and shrust steersnes should tse checked and recorto hot 6.e., wimin 4 hours efter the unit has tseen shut,

unit start up, efter 7 days (800 hours) et continuous opermade ofter me unet 6s in serv 6ce should tie made whde the eneneflywheel le youted on e concrete fou detson, the des.eedk or enyne tone. n

the temperature of she ed en the enene lute ed oe e tan
f hatrn

sandth) 6n adi crenks escent ifw crene ediscent to the lywh

When en entne in seheck the sonrectmg sheft 6s se4dy coup 6ed to t edeflection et erene poenen No. 3 to sore to seus (*) I md lone t ou
h

al distorten of the concrete fou dation.s sopropriate tempenestions for thermal distortions of me
n

h

whidi ahould be minus (-l 1/2 md. This erftection etsows for t errnWhen en anyne 6s enounted on e steel fou dation. 4.e. marine instellation ,of fuel and lutencetmg ed tenbs ednecent to the ertne foundation-h t n valuen
rrective action must tse taken. Also, of the total de ec iofoundation snel he hosed on the toestiere end temperatureshe teken. E semple, e *2 fnds in any crank with e .2 mda in the neste

If the dehection 6n any eenk in en enene in seevice emeesds 3 mi s, ee
as tie engines snet

thew edtecent seenks. The esception to the above wf 3 mde deflection etin any two adjacent seenke escesses 3 mis, corrective action muett ng shett. Thew engines may have en escess of t on et pos tions
ediscent crenk adds up to e totet of 4 mde deflaten betweenth to dy coup.e4 connectmg sheft*g escessive de iec indicates miselignment between the conrecting she'tmg an

d the
beve a fienitpe coupling between the flywheel and the connec ia

position No. 3 6n the arent edpecent to the flywheet in entnee wino. 2. 3, or 4 en the aank edpement to me esternet shettme usue44y e
h dweetion of notmal rotation

Set the do ection goupe et aseo et position No.1 end turn the crankshaf t in t e16' AFTER SOTTO8d CENTE M MCENTERenene eenkshaft.

MV,MV A & GV3 ENGINtS 38' AFTER VERTICAL SOTTO62* AF Tan vinficAL soTTou ctNitn
NE aNCINE$

Position No.1 for piecung the deflecten geg 66 es follows' ALL INLI
n

nvENGiNis

neeard od some temperature end erust cseerense and ogn she term.

ca re

eseice,es ie ,e., ca ,.ge g eos ,$' 'c'Ufn' s,c evon, _s

[ e v.

g ;
'

-

gg gigogs, gegi ,,.,, w so .
_a

somitio.n eo .

l'

n. cord eedin, wi tnds. i.e. a remer m.n o ooirs .nd,e..cvuaoen nuwesa sv antmo at os ancan sno
!

o n,,
1 i to

1 . 1 . r .
, e .,

tr positio , ,
t ,.-

(M
$

.

1. ::T.f[..,-) -

-

k .. J
__

j

{ ;

:+,'
k.m'J

_

%

:
-

h
-

O) (L -

I*
\v

I I I I I I !

,
,

too
,s. p tees .. .i
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PART E - CAMS, CAMSHAFTS AND BEARINGS

GENERAL. f i hydraulec expansion of the

The induction hardened steel cams are shrink fit on the precision ground camsha t, us ngll y and are pressure lubricated. Cams,
cam bore to position them on the camshaf t. Camshaf t bearings are aluminum a od/or damage.

camshaf ts and associated operating gear should be checked periodically fe' wear an

CAMSH AFT BEARING REPLACEMENT,

Should it be necessary to inspect and replace camshaf t bearings, do the f ollowing.

Remove covers over camshaft.a.

Disconnect lubricating oilline from bearing cap.
ll out of its saddle.b.

Remove aearing cap, lock rings and upper bearing shell, then roll lower bearing she
for permissible wear lemets.c.

Inspect twarings for evidence of damage or wear, Refer to Appendix lli
d.

installation is the reverse of removal.e,

A) bore and sleding the cam
CAM REPLACEMENT.I

Cams are positioned on the camshaft at the factory by hydraulically empendmg the camcams in the field, the following( ,' l

into position on the shaft. If it ever becomes necessary to remove and rep ace(

procedure is recommended. h dur#ng

Cams are located on the camshaf t by sctobe marks on the carra and the camshaf t, placed t erehaf t, and longitudinal maths loca.e
manuf acture. Carcumferential marks locate the cams longitudinally on the camsd of the cam which passes through the center of

s.

the cams circumferentially, Cams have a radeal scribe mark on the si e
the hole in the side of the cam. distance latween

Make a sketch of the camshaf t assembly, indicating the location of the cams and the
b.

each. %ke sure the camshaft and all cams are scribed. ll burrs, dents

Clean the camshaft and place on Vee blocks on top of a clean workbench. Make sure airregularittes will prevent removal off

and other irregularities are reduced to the common diameter of the camsha t,c.*

the cams. d a pressure

Obtain a hydraulic pump unit, such as a ''Porto Power", complete with a hose and fittings, an
d.

{ gauge capable to reading up to 20,000 psig. Raise p' essure

Remove camshaf t gear from camshaf t, then connect hydraulic unit to the first thrust ringRepeat procedure to remove other thrust ring
o

f

to approulmately 2000 pseg and slide thrust collary off camsha t.
e.

l 16.000

Connect hydraulec unit to first cam nearest the tapered end of camshaft. Apply approsimate yh f t) and move the cam towards the dreve end
[ psig pressure (or pressure that will allow the cam to slide on the cams a

f,

of the shaf t.

,

i

6 E.1
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PART E - CAMS, CANGHAFTS AND BEARINGS (Continued)

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

flemove all cams in order.g.

Wash and dry the camshaf t and the replacement cams. Check that scribe marks are clein, sharp and clearlyl fiefer to the sketch
visible. Lay cams out on a clean surface in the correct sequence and oteentation for 6nsta lation.

h.

and make sure the cams are f acing in the proper detecteon,

Choose the cam which will be farthest from the drive end of the camshaf t and slide it up on the startingl.
tamp as f ar as it will go.

Attach the hydraulic unit to the cam and start raising the pressure. A vigorous effort will ta requered toto
move the cam up the starting ramp to the straight part of the shaf t, Approaimately 10,000 ps'g pressure willl.

(p)
required.

Move the cam to its correct locattort on the shaf t. Align the edge of ttie cam bore with the circumferential
scribe mark and align the radial (fongitudinall scribe mark on the thatt with the mark on the cam. fielease the hydraulick.

pressure when the cam is correctly shgned.

Install and position the remaining cams 6n order, then replace the thrust tings.
1.

'

)

'

.

8

I.

E
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PAMT E - CAMS, CAMSHAFT 5 AND SEARINGS (Continued)

Ttt$1000 etARS. d id

Timing gears are enelened in the guereses, and are lubriesced by lots of oil. Geereme covets should be remove pw e .l If to

leefly, and the pers insposeed for meet and for baskiesh. Refer to Appende ill for booklash a oereness.f the following d esseembly

preser6hed besklah eteerense lo enseeded by 0.000 lash, or if damage is d,eeeweed, per ormsteps to the dayee neseenery to eseampheh the required inspect 6en and repent. Asesseer6es are ouve
>0 d led et eenembly.

dowel hele of the proper site|

if it le neeensory to temove # douvel to repee6 tion et emesseery, drill and team onether
,g in the seesteery mounting fieny and in the peeresse.

Remove the gewenet, overspeed trip, pumps and other essessories whidi would interfere with perceneh sing to esclude dir1t

removel. As the pumps are removed, eewt the eheft, drive geert and openirgs in the pump oua.I

and to prevent damage. Cover the open ends of eennecting pipes and tubing.I be

Remove peresse feom engine. The percase le hoevy and eff6eult to handle, therefore, tigems must
b.

done very eerefully to insuee thet it 6e undet conttei et set times.
'

I
ill Rig eheinfalls and se6ny for hending genreses.

Remove heits and espearews, then lift poteses from engine. De not let it her er ow6ng. $et oude,;

(2)

escured la euch a menner that it eennet isfl. l

Remove te gevaner dive ensembly, and the overspeed telp and fuel beestet pump derve seeemb y,j

s.

lneure that the erenheheft, someheft and leet goets we meteh morted for proper peeltion6ng et resseembly.(

If a new gear is to be instelled, shook both eyldadet hon 6e to Inoute that the twmhet one fuel inketion pumpt areearteetly timed. Fuel infest 6en pump timing merkt w6tl estve se e refetones point when teinstelhng the pers.
d.fI

!

! I

I R.m.m iew p. and mesenei nsemw.es.' e. !

| R6g a smelt ehe6efeil and w6te tope shng to lift the 6det yet and bree6et sneemWy from the engine.
l

(1)

Straighten les6ing elips. Remove top brashot teteining espeetow and replees with a long copscreve
,

I

f to serve as a guide and eefety device while temoving the per and breetet assembly.
12)

e

Runeve tomeining espectews and tehe a ette6a en the she6nf all.
| 1 (3)

Carefu6ly pry besehet einem6fy free of the elegn6ng dowels et the top and bottom of the brec6st.i

|
14) '

,'

$4de guer teeth eiest of other pers, tehing eere not te damage any twth.! It)
!

Remove long gu6de espeetow, and move breebet assembly sieet of onyne.
(4)

f. Remove temeheft pee ensemthee.

Remove settet p6ne from esmeheft gear hub tetoining nut. A per pullet mey be needed to tiert the{ l movement ;

goet hub e$f the cheft. The goet enesmWy w661 usuaify jute when it breaks free of the tapet,if the 6n6tia(1)
I I Te prevent this, I

le les yest me tem effset may esuse 6eplesoment of esmeWt eeHere er upset theuet eieerente.I '

lessen hut tote 6ng nut only for eneupe to lim 69 th6e in6tlel movement te t /14 lach.
fq

I

,

H3 i
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PAMT E - CAMS, CAMSHAFTS AND BE ARINGS (Continued)

'

l

If the goet ensembly w661 not some loses with a goet pullet, use en osy seetylene torch and quidly(2)
apply heet te espond the hub. Presset the trent somsheft bearing from the terah flame. De net owvheet.

l

Remove somshett aset hub toteining nwt and elede gast ett shaf t, f(3)

|
I g. Memow esmehott gear.

Protest the front theIn beating with a wet esbestee heet dem, f|
|1)) /

Make two 3/44neh 6ametet hend6tg reds,24 Inshes long with 3/4-10 thteeds et one end, and
'

(2)

|$ estow todo into the two topped helse in the goet,
'

Use two ''Reesbud** type heetlig totehes to quickly heet the poet until it een be slipped off the
(39

| etw*ehett w6th dw hend6ag redi. se oute the espeesd end of the nenhehett k essen and free of butti.
i

'

8
,

| j
!

600gpgCT100f. [
| inopoet gears for broken teeth,et othee demogs, if geste are damaged,lnepost someheft with shelinecator to determiae
| If shett le bent.
|

Deen esmehott tapers and shook fit of drive keys in hubs.
'

I

I 8 e.
f| 9

b. Clean goet east sees of etenhaheft.
! I

-

if it le feesseery to remove the leet goet from the breaket, out the eefety w6te end tomove the four belte
that held the idlet goet stub sheet in the bree6et. Memove the stub shaft then estefully slede the pet out of the brechet.

e.
I

When resseembl6ag the idlet geer in the breaket tehe este not te domey the bushiny et the geer teeth.' '

A0840AGLY.
j

e. Install nomehaft goet.
!

Lubrieete somehott taper w6th white leed and luteleetlne sel, if a new pet hub le twing instelled.
(1)

4 g

}
f 6t e new eey in the boy elet.

,

if a new geer and hub see being inetailed, positlen the detted helee in the hub ever the drilled hoies1
(2)I

in the yet, install esmeheft goet to hub belte, washete and note. T$ ten to held poet and hub tepther.

We6as e sheenfell and eling. left guer ensembly late peo6t6en end el6de ento someheft taper. Assemble,!
13)

j eseehet and nwt, t$ ten, and 6Metall tettet 96n.
j

b. lastell etenbehett goet.
|

tu Heet somehef t p to aeo* Ir in het eu, os net e.orneet.
,

Setow two headl6ng f ede inte lepped helee in goet. Lift geet awt of De 961 with todt, and with Ohe
emeeth, tent 6nwewe enetton, pe66 tion heeted gnet agaenet $e showider. Th66 tevet be done eveekly before the per I|2)

;

etele, Alleur geet le etel,19 en preteed.
i

|
|

054
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PART E - CAMS, CAMSH AFTS AND BEARINGS (Continued)Date Sheet in front of manual).
Set the flywheel to the left henk fuel injection point (see Engine

marks are matched.(3) i

Set the left bank comahaft to that number one fuel injection pump tim ng
(4)t

Install idler per and bracket steembly. if the original gears are beingc.

Comeheft,6dier and crankshaf t beers are match marked at the factory,is being instatied, the following procedures must be
replaced, install and eben pers with these marks, if a new per

(t)e

sned 1o insure correct camshofI timing and enyne fiting order. hng. Alegn with match-f bl

Llf t the per and twecket ensembly into position with a chainfell and suita e sbe moved port of a tooth to allow pers to mesh.
12)

marks (if present) and meih teeth. The comahaf t toer may s a guide. Seat taschot on
*

install a long capsaew through the top twecket mount 6ng hole to serve e
(3)

engine block end install all copicrews. bank fuel injection point.3

flotate flywheel in the detection of normel engine totation to the right
)

(See Engine Data Sheet in front of manuel or enetw nomeplete .
(4)

hd

Set right henk temshaft with nunter one fuel injection pump timing marks matc e .p
The camshaf t gear may(5)

Lift #6sht id6er geer end tracket einembly into place and install capictews.
( (6)

be moved part of a tooth to ellow the three peers to mesh..

'

Adjust becktoeh cAnterus between geers. 6nches long insert shimsd.

Meke four twees shims,0.010 inch thick by one half itxh wide and sis
'

f ars.

totween crankshaf t yet and idler pers, and between idler per and t4meha t ge(1)f

mbhos until shims

Loosen capscrews holding idter geer trocket to engine tdoch, and litt idler per essed backlash between each pet. T6ghten idler geet re-
are held tight betwun per teeth. This will estetdish the require

(2)

teming capocrewe on ee<h idler essembly, nd each pet. Hefer to

Motste the flywheel and check becklesh cleerence in et least four places oroull 6dler aesembly retaming capscrew to torque values
the Tetde of Cleerences. If becklesh is w4 thin tolerances, tighten a

(3)#

shown in Append #e IV. Remove shims. t nd its6 e in place

Drill and toom two holes in each idtet tver.ket, install No.108 2 dowels in ho os, a
(4)

k haf t by the fuel 6njec160n puml>
CAM 8 HAFT TIMING.
The comthefts of fout velve heed model engines must be t6med to the entne eten shydraulically esponded keyless cams and cannot be timertte con tesult in en altered feting orde

toppet lift method only, These c.emshaf ts are equipped withby the com hoy method. f'ailute to observe the proper comohef t timing sequeg
end on incertetily opersting engine,.

$ Meneve number one f uel injection pump on mester fod benk.p mester tod benk, is e(n) E

Ret the fivwheel over until the topset totter for numter one fuel injection pum ,
o.

\ /
I b
'

*

the bees cittle of its com.

6EG
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PART F - FUEL SYSTEM
.

bly. Thefuelsupply tothe
FUEL INJECTION E0utPWENT.
Each cylinder to fitted with an individual fuelinfection pump and 6nlection noule assemcts eoch pumploitstespeclive noule
pumps is from a common header, and a seper ata h6gh pressure line conned noules, es buiti to entremely close

assembly. FuelInject.on equ pment, particularly the injection pumps anc: en a condition asis possible This

tolerances and, therefore, M is essential that the fuel be delivered m as erequires that the fuel filtration equipment be maintained in the highest possib e
cond.teon of cleanlinops forl

effectent operating conditions

"NE7*

|O"cGl#'*"

_,on .w c,

p _

h
rwt6 edCtienepyse _

>'

O 3-1%W.*4.*

p _..%
~l w

%

1ogure 6 f.f. Typical!velinjecten system.

i coveredenthispartof
PARTS LISTS.
Heter tothebelowlistedgrouppartsfesteentheParfsManuelfof abreakdownof the par s
the manuel

365 Oroup Parts List. Fuel injection Equ6pment.
311 Oroup Parts List, Fuel Pump t.inkage

a

44$ Oroup Parts List. Fuel Oil Booster Pumpb

450 Oroup Parts L6st Fuet Oil Header
c
d

45$ Oroup Parts List, Fuel Oil Fetter
$90 Oroup Paris List Special Tools

eO

('"') 825 Oroup Parts List Fuel O.1 Equipment
f
g

!
I

----------- ------ ____6_F 1 _ ____ - - - - - - _ - _ _ _ _ _ _ _ _ _ ' ' ^ ^ ~ - - - - - - - - . , _ _ _ _L



.. . . . . . ._ _ _ _

.-..-__

O~
6F2'

'

lestruction_ Manual_( - .- ,

.

JUEL SYSTEM (C.ontinued) |' -

matty are amongthe |
PUSL ll4JEC700s4 W6ERLES.
because nouttt *.nd ope sie subic.ted to entremet in pressure and temperatute,they nor

_

r pressurewrithout driebte.
|

twat tourcee of engme 'foub4. A nome in good conetion must pop open at the propei d pressure at the openit g pressure, et'

Iban close ccmpleto8y al fiott imraveelely When tubs ted to a t es yd l nety atomiled mittec

should ''chattet", that it, opee and cio*e repiey The totay form thould be a un orm, io e ftomengine and teit a6

petiven, nevet a toisd etteam' if ,he 1991 eoMe $ tutpected of meWunctionmg. tem vl
t toltuwe

| Disconnect he pretoure kne and drain connections
Memove nuts from inr tot studt and remove nouie totamet,

s
ec tembfy putter foot|

Litt or pfy the nome holder attembly fromthe cylindet head The ute of a nouie atalable for purchate from the Tran$ america Detaval
b

li

(pH nt,00 o!K.0) 90)is recommended Ttwo too t av i
c

ombuttion

pent se.t JepAttmentPlea perwng m Cytmht heS te prevent ett of other foreign mattet from entering the c
,

d o ' f ll w ng

Test tFe nome hat /ter ant' tip attembly on a suitable nouie lettet, checking tot the o o ict. amber

e d et it testing

Apply potut med cua onie tot poppng action The valve thould chatterCond.t>oid ie

(t) t

Haile peasu e sto*ty to detof m.ce prettute at which valve opent The valve thould open aThe opening prettute it adiusted byp' ope'fy
- r

3000 pai(211 kg cm') grup 200 uni (14 08 kg.:m'), mmus reto potf the unet See Ogure 642(2)d

te,eans of thstret m it a veh e atta'r.ofy r**uiting detentembly oDry c41 totey tip 46 i ta * a $1ettuen to w+thm 100 poi of the opening pretture and observe tip or
I

(3)
deabing of fuel

O et.a !J tes if any 60f er lip hoMs ate plugged d

Mur a CVan pi4ce of f Apet undet noule tip and check spray patterntot unitorm dentity an a '(4)

($)

Nm# t inat144 to perform tatisfactotely thould be repatted of replaced Metettomanufactutet tay1 meti<ai pariern

(6)
Inst V:t ont en the i 350ested Pia citoont Manuet

|
WARNING1

Th. pe streng powet c stemt.e4 fuel undet high pfetgute in tutticient to8

r t octu't, the sein and lef rout injue y c to result T o avoid this danger,the handt
e

'

a vil be kept a*ey l'otn 6 bytaying nouie

|
|

,

(v)
a

.* i *

6F2
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PART F - FUEL SYSTEM (Continued)

,

(fr,R'",$. *&, ~~

'
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.
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f ogure 6.! 2 f uelInsectron Nottle Assembly'
N0ZZLE ADJUSTMENT (See Figure S F.2).

f40:ste opening pretture is adjusted by means of thems (11), located bot *cen the body (12) and the spring
If tre opening pressure does not conform io 3000 psi, plus 200 psi, minus O psi. ad ust as followsi,o

( ! seat (10)
instait nottle and holder assembly on a pop tester then tapidly actuate pop letter hand!e fou to sin

r

temes to allow the needle 10 set picperly Pump the pressure up to the point where the pressure gauge needf y
a

j g
g f

faits away quickly This poirit is the norite opening pretture
,

b if prettute is not correct, do the following

I (1) Disastemble the holder
Add shimt if opening pressure is too low, or remove shimt if opening pressure is too high

I (2)
Heattemble and check opening pretoure if fuelleaks around the attembly nut. it ind. cates

|3)
poor lapped fits He esamine the parts

Al* sys use a new gasket (1) when installing coiffe and holder attembly on eng'ne(4)

CLEANING SPNAY Tl?S.I
Uendia strettet the importance of maintaining the original high poksh on spray lips.etDecially on the note in

ordet to reduce carbon depotets as far as possible Caref ulref erence should be made to the Bendie putAcationsin the A esociated Publicdhon$ Manual for the recommended proceduf el to be uned in ma+1a,ning this level of
cleanhnett

FUEL INJECTION PUMPS.
The fuelinjection pumps are of the constant attohe. variable output f ype foualty #mportant with clean propff y
ediunted fuel noffles are clean, property adjutfed fuelinjechon pumpt Hetet to the bendia instrueboot in tht!
Associated PubIecahons Wrual for complete details of the fuel 6njection pumps installed on this entne

,_

/

. , . . ,

6 F.3
m



' ~

.'
~~ ~ ~ ~~

.

.

- - - . _ _.

.
_

_

.. ..
_

6-F-4O
instruction Manualj .

PART F - FUEL SYSTEM (Continued)
l

r-

DESCRIPTION OF OPERATION. PASSAGE f
~

f
The 1ollowing is a general discussion of -

.j
the operation of the fuel injectioni *

INLET PORTS-- MET ERING
pumps- "E# I;

a. The pLmps are of the con. !I I
stant stroke design, but the effective

' ' ts
SPILL PORT .

| movement in which fuel is actually { '|stroke, or that portion of the plunger

delivered is governed by a fuel meter- e

ing behx in the plunger (see figure
On some pumps there is a PLUNGER ~'

6-F 3)
second helix to retard the point of
dehvery at low fuel settings. BARREL ---e?

| 0
'

To pump fuel at high pres-,
b.

sure it is necessary to bring it into a Cross 4AR '

pressure chamber through an inlet,
close the inlet and apply pressure for
injection, terminate injection pressure J

O and re-open the inlet to admit more
Figure 6 F 3. Pump Plunger and Barrel ArrangementThe fuel injection cycle is ac-

'

fuel.
( comphshed by the location of intet xtends from the end of the plunger,

and spill ports in the barret. It is furtheraccomphshed by the metering helix and a passage in the plunger tha es f uelin the pr essure chamber to spill ento the
t

( ll

tothe metering helix onthe side of the plunger. This passage a owthe spitt port.
inlet chamber when the hehx uncovers When the p unger is at sts lowest point,

fuel enters the barret throug*1 the inlet port. As the
C.

l

plunger riscs,it closes off the inlet port, pressuiestarts to rise and tr.e cehvery valve opens. Fuet
m

injection cont'nues until the upper edge cf theme 19fing hetix f eaches the lower edge of the spill'l

po't. Ps assure is then release through tne passage'

mLET PORTS CLOSED
rs the p Uncer to 'one spill port and delfvery $ tops.,i #
The rfehvery valve c80ses. The effective stroke isEarECTive PN - I /j the Gstance between the upper edge of the helix,

/ STROKE j

and (ne lower edp of the spilP po't at the moment
the inlet port closes Tne rotation of the plunger( -r

.s
I

and its hetix, then, determines the durabon of the
fuel injection.

PULL DELIVERY
,l

- -
.s

P.oTATE c.w. TO
STcf oELIVERY

i Figure 6 F 4. Effective Stroke

(

,

6-F-4
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PART F - FUEL SYSTEM (Continued)
.

de before removingthe
MALFUNCTIONING PUMP.
Should a fuel pump be suspected of malfunctioning,the following checks should be matain that the pump is defective.f

pump from the engine for inspection and repair, unless it is known or cerCheck to insure that the fuel oil is being delivered to the pump. With the fuel oil sys
k , pressurized,

b ence of air bubbles.
loosen air tweed screw on pump. Fuel should flow freely with complete a sa.

1 holder end and bar

If air is present in fuel oil, loosen nuts on high pressure line connection at no22 e
b.

lfilters are clogged. Check andengine over until all bubbles disappear,'8

c. If fuel oil flow is sluggish at the pump, it is a good indication that the f ue,

l
If fuel oil does not flow, check fuellevelin tank and for closed valves in ines,

clean filter,
tf nctionproperly, remove

e. Having made certainof fueloilflow,operateengineanditpumpstilldoesno u
d.I

and replace with spare pump.
.

PUMP REMOVAL.
Fuel injection pumps are removed from the engine as follows.

Disconnect high pressure line fitt.ing and remove high pressure line from pump.
a.

Disconnect supply and return lines from fuel pump.b.

c. Disconnect fuel control rack from hnkage.
Remove hold down nuts and lift pump off mounting studs.

'

d.

; ."."."- :=
!EE- 5555EF~ "W 71'e

-
: =:= = _.. : _: ==_. x,'

: ==== _ x
=., w . , * * " <:, - . ,4 -

".Z*.'.**".*"",, :""." '

D )* %
c ,a

::=_'" , g) s .

-,. < --* ' ,,,,,

.s
,s

= , _ _
,,- Q *

,/ ' 'a v....

y /
,/ g*hr| "

u / #
b ,/ (\

, / ..
' V "W.

e

v -

O Figure 6 F S. Fuel Pumpv
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PART F - FUEL SYSTEM (Continued)
DISASSEMBLY OF PUMP (See Figure 4-F 8) Manualprovide detailed instructions

The manufacturer's instructions contained in the Associated Publicationsfor the overhaul and repair of fuelinjection equipment, and should be con u
s ttedwhenanyworkisbeingdoneon

fuelinjection pumps. Pumps may ve disassembled as follows.follower andinserta %

Secure pump in the inverted position in a soft jawed vise. Depress the plunger
and remove W inch pin.inch diameter p;n in the hole in the pump flange.

a.

Remove lock ring by prying it out with a screwdriver. Again depress followerefully remove plunger from
c. Remove plunger follower. Take lower spring seat from plunger,then car
b.

barrel. Carefully submerge plunger in spindte oil. d ller, or a pair of pliars

Remove plunger spring,then pull control sleeve using a specially f abricate pui g plate will come out with the control sleeve.
whose jaws are wrapped with masking tape. The upper spr nd.

Remove pump from vise and re-secure in an upright position.d preformed packing.

Remove delivery valve flange and delivery valve holder. Remove and discar
e.

f ttyremovedelivery

Remove delivery valve stop and spring then, using a delivery valve puller, care u
f.

g.

Remove barrellocating screw then slide barrel from housing.indicatoror shimsunJess
valve.

i

Remove contr01 rack locating screw and control rack. Do not remove tim ng
h.

i.
pump is to be re-calibrated.

f
.

O

!

)

\

? |
|

'
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PART F - FUEL SYSTEM (Continued)
ASSEMBLY OF PUMP (See Figure 4-F-5). i the Associated Pubhcations
Assemble the pump as fol|ows, observing the manufacturer's instructions n
Manual.

a. Secure pump housing in a vise in an upright position. h r and controf rack

Position control rack in housing with teeth facing center of pump. Instaillockwas e
locating screw, making sure the screw enters the rack locating groove.b.

i screw hole. Instaillock-
c. Insert barrelin pump housing. Locating groove must be aligned withlocat ng

washer and locating screw. k shes between two

Invert pump and install control sleeve so that tooth directly under timing mar me
d.

teeth indicated by timing dot on control rack. l It should settle in

of its own weight. Turn plunger so marked end of crossbar will go into controf sleeve se. Install upper spring plate and plunger spring then carefully start plunger into barre .
lotthat has a mark adjacent

,

Compress andinsert

Position lower spring plate on end of plunger Fit plunger follower into housing.
to it.

pin in housing flange. Installlock ring and remove pin.
f.

f ed packing andinstall

delivery valve spring and delivery valve stop. Assemble flange in housingg. Install delivery valve assembly in pump housing Lubricate andinstallpre ormsket.

Install pressure screw and new copper gasket. Install bleed screw and new ga; l Therackshould

After pump is completely assembled. hold it horizontally with the controt rack vertica .
h.

L
settle to its lower extreme by its own weight. i l bricatingoiland

If pump will not be immediately instafled, fillinlet and outist wth clean, anti cortos ve u
j.

close openings witn caps.-

.

d e
6

e

l
.

v>>
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PART F - FUEL SYSTEM (Continued)
PUMP INSTALLATION AND TIMING.
Refer to the Engine Data Sheet in the front of the
manual, and to page 6 A-1 for determination of_

f engine rotation, bank designation (V-type en-
* _

i

The flywheel is
gines) and cylinder numbering,,,

marked to locate top dead center (TDC) of each/ ".| : 7*

cylinder, and is laid out in one degree increments
j :*, 5 ;*,

;; for the twenty-five crankshaft degrees preceeding
; ,**,,

/ | NO
For instance, on a six<

TDC (see figure 6-F-6).I

cylinder inline engine, there will be marks "TDCf|
NO,

/ } 1&6", "TDC 2&S" and "TDC 3&4". each pre-"
"

ceeded by degree marks. On eight cylinder inline,

engines the markings will be for cylinder pairs| '
' Y t &8. 2&7,3&6 and 4&5. Markings onthe flywheel

'

t
for V type engines follow the same pattern, except

'

k w i
~

that the banks are also designated. Refer to the.-

Engine Data Sheet inthe front of the manualfor the
=-

Figure 6-F-6. Flywheel Timing Marks fuel injection point Install and time f uel pumps as
follows.

( ee
Before mounting pump on engine, and with the fueltappet roller on the base circle of the f uel cam sbl tothetappetwitha

figure 6-F 7), measure distance from the fuel pump mounting surf ace on the base assem yeasurementof approx-a.
{

depth mictometer. Add or remove shims from the top of the base assembly to obtain a m
Appendix IV.

Place pump on base assembly and instalf nuts on studs. Torque nuts as specifiedin
,imately 0.197 inch.

b. -_

Ba; engins over in the direction of ncrmal rotation 2% ( * * * rn. 1*t=L.
"

until the flywheel rsointed is aligned with the fuelinlection point-

-

,' ' ,3
c '

(degrees BTDC specified on Engine Data Sheet or Name-plate) f or the cylinder served cy the fuel pump being instatted.
y

A p/
Observe p!unger fol|ower timing mark in pump g P

timing window If the plunger fol:ower timing mark does not_,,/ Ad

line up wrtn tne index mark on the tardng winr'ow, remove g

puTp and add or rernove stirns between the pump and the Ce{ ,.,,,,

pump base assembly as necessary so that the marks will!ine
_ , , ,
' ' " * * *

up. Re-instalt the pump and bar enginethrough one complete
p*

inlection cycle to insure that marks do align at the fuel l

kinjection point. -

Figure 6 F-7. Pump Base To Tappet
Adjustment

CAUTION
The timing mark on tne plunger follower must never go beyond Ine upper orIf it does, the pump may be severelyO

'M lower edge of the timing window.
damaged.

w



.
.

.- - -
_

m .Ow

O _

SG1

Instruction Manual(
w..

. PART G - ENGINE CONTROLS
.

OVERSPEED TRIP (See Figure 641). ie

A Woodward Model SG owrspeed trip governor is mounted on the gearcase end of the engine. At a pre-set eng ndump velve which vents the

speed (15% above rated speed) it will initiate positive engine shutdown by tripping a
automatic safety shutdown system. Operation of the overspeed trip governor is as follows.

" E """
WRv0 LHelf hN\\\M\\\\\\\\\\\\\NN 808C808

pestT sPANsG
**"A W/ m anonoor

M gawM - 73 MT
Mio ADaASTweG q
LEVth

h bTenns=AL LavanO'

y .= t ,,,s.
. . - , ,

h k $eLv= san-j
atlet, vALvf

%f
~

h__ ; y; /13.L .n .

g
gLgvALv

''PILoTWALvt,
PLussGa ni

g .p
J euuretAm

, 4_ isunsP i

_;-

== ee m oscaA ,

. . . .

Figure 641. Overspeed Trip Governor

Oil enters the overspeed trip at the oil inlet, drops down into the cavity on the suction side of the pumph i ed, the pump

gears, then around to the pressure side of the pump. If the supply of pressu.e oil is greater t an requ rbuilds up pressure until the relief valve plunger is pushed to the left against the force of the relief va ve spr
a.

l ing This
If the overspeed trip

uncovers the bypass hole in the relief valve sleeve and oil is recirculated through the pump.lf al e to the
requires more oil than is being recirculated, pressure will be reduced and the spring will move the re ie v vll enter the pump

right, blocking the recirculating passage to maintain operating pressure. Additional oil, as needed,wi$
j

through the inlet port.
i y

ii
i

|
,

|

|

|
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PART G - ENGINE CONTROLS (Continued)by directing oil to or from the area

The pilot valve plunger controls the movement of the power pistonition of the terminal lever, and, therefore, thet

beneath the power piston. The power piston in turn controls the posthe pilot valve plunger . the speeder Spring force tendsb.

position of the terminal shaft.Two opposing forces act upon d by the rotafing flyweights tends to lift the plunger.
;

I l

to push the plunger down and the centrifugal force deve ope ce holds the pilot valve plungeri f

When the engine is operating below the trip set point the speeder spr ng orpushing the reset rod against the terminali

down and connects the oil under the power piston to drain.The reset spr ng,c.

lever, holds the power piston down. flyweights overcomes the speeder

If engine speed rises above tripping speed the centrifugal force of thepressure oil flows to the underside of the power
ard moverrent of the power piston, the pin

i
spring force and lifts the pilot valve plunger. As the plunger r ses,

d.

piston, forcing the piston up. As the terminal lever is rotated by t e upwThis decreases the downward force of the speeder
h

in the speed droop bracket raises the right end of the floatinglever.r piston then moves to the top of its stroke,

spring and the flyweights move to their extreme out position.The poweThe external lever on the terminal shaf t thenf
as allowed by the terminal lever, which rotates the terminal sha t.'

f
actuates the trip valve. h the pilot valve plunger

When engine speed drops back below the reset speed the speeder spring pus esThe reset spring rotates the terminal lever
down and the area under the power piston is again connected to the sump.

e.
h p as before.A

and pushes the power piston down. Oil is then recirculated through t e pum(

e

d adjusting screw. Turning the screw intok OVERSPEED TRIP ADJUSTMENT.
'

The speed at which the unit trips is determined by the position of the speet lowers tripping speed. The overspeed set point is adjusted at
the cover raises the tripping speed, and turning it oube changed in the field, if it becomes necessary to reset the trip

,

the factory, and under normal conditions should noti

point, follow these steps. i

Back out servo limit ediusting screw so that it does not limit travel in the power p ston.
I'

l from minimum to maximurns.

Make tentative speed droop bracket setting at approximately one-half its trave
b.

droop.

Make preliminary tripping speed adjustment with speed adjusting screw.h n readjust trippngi e c.

Readjust speed droop bracket to obtain approximately ten perant excess range, t ehigli speed stop screw against the speedh

speed. The speed adjusting lever can be locked in place by tightening t e
d.

The servo limit adjusting screwadjusting lever.

Roset overspeed trip at a speed slightly below the desired reset speed.i d le
affects only the reset speed. Turn in to raise the reset speed to the des re va u .

e.

?.
*

e
Yr
a

I

d( b ,

1
1

!
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PART G - ENGINE CONTROLS (Continued)
,

GOVERNOR DRIVE ELEMENT REPLACEMENT. drive

Because of its operating environment, the Buna N flexible drive element (part no. AK@7@1) in the governorG 2). joined by a spht insert

coupling should be changed annually. The element is a wrap around design (see Fipre 6 -
which permits easy removal and installation.

Remove f asteners all around on both hubs.a.

Pull end of element at split insert and remove element.b.
i

Install new element. Use Locktite on f astener threads,c. b nt is

If couphng was in proper abgnment before replacement of the drive element, no additional a gnme)

d. |

necessary.
,

If abgnment is considered necessary,it may be accomphshed with only a straight edge.e.

o.

i I
,

,

'

.

,
-..

~~

.
$ ,igu,, e a.2 acano, oriva couoting

- - - - - - - - - - ' - - ~ - - - - - ---- _ _ - - -
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PART G - ENGINE CONTROLS (Continued) .

LOGIC DOARD TftOUBLE SHOOTING.
Trouble shooting of the logic boards should be approoched in a logical manner, eliminating the obvious first. The
following steps will assist in the finding of faults in the system.

Check that there is proper supply pressure in the system, as specified on the applicable system drawings
a.

Check that all operator controls are in the (xarrect positions f or the selected mode of operation.b.

Check the board for the proper output signals. Sina the system is designed to provide a predictable series
of output signals, the first place to start trouble shooting is to determine if the output signals that should be present are

c.
i di idual logic

present, and which ones should not be present when the problem occurs. Check out procedures for n vboards are shown on the drawing for that board. Also, check to see if the signals come on and off sharply without6
'

i decrease

gradual increases or decreases in pressure unless this is called for in the check out procedures. If the ncrease oris slow, check for leaks, pinched tubes, etc. If the proper signals are present, then the malfunction may be n one oi f the
'

power devices.

Check for proper input signals to the logic board. Once the determination has been made that the output
sig uts from the board are not on and off at the proper time, check the input signals to the board to make sure they are

d.'
ih

correct. Once again, return to the control schematic drawings and determine which input signals are to be on and wh cff
are supposed to be off when the problem occurs. Of equal importance is the order in which they go on and o ,

Once the output signal conditions have been checked and found to be incorrect,and af ter the input signals
have been checked and found to be correct, then and only then is the circuit board to be considered for troublee.

f
shooting Make sure the problem is in the circuit board before proceeding.6

'

CHECKING LOGIC ELEMENTS.t

If a logic board is not performing properly, the logic elements should be checked for proper installation on the board
before removing them. Then,if the functioning of an element is suspect,it may be removed and replaced. Testing and6

d Fub// cations
the repair of the elements should be in accordaxe with the manufacturer's instructions in the Associate,

neanual.

Refer to the layout diagravi on the apptcpriate assembly drawing and check element location on the*
a.

circuit board to make certain that all elements are in their proper locations.

Check for proper rotation of each element. Elements can be rotated 180 , prc<iding two diff erent positions
0

i h the
that it can assume on the board. The rotation is selected at the time the circuit is designed and must agree w t

b.
I

circuit pattern layout. Each element has an "a" or a "b" located on its top cover and these letters are to be oriented as
shown on the assembly drawing. Any element that is mislocated of rotated should be changed and the circuit rechecked.

M :
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PART H - ENGINE BALANCING
linders. It it is not, one or more of the cylinders

The load on a diesel engine should be evenly divided between a cyd while other cylinders loaf with a resulting loss in operating
GENERAL. ll

l
will be forced to carry more than their share of the oa f the following conditions.
economy and the possibility of experiencing one or more o

Scored pistons and liners.a.
,

Excessive vibration.b.

| Excessive piston, valve, bearing and crankshaft wear,
c.

Excessive fuel consumption.e
d.

Excessive lubricating oil usage.e.

btained by having all the fuel injection pumpso

CYLINDER SALANCE. nor is in a position equivalent to full load. In order to
i

The balance between power cylinders on Enterprise diesel engines s od in accordance with the fuel pump manuf acturer'sread the same millimeter of rock position when the gover
accomplish this it is essential that all fuel pumps be calibratef ctory test and the lever clamps are then doweled to thei

Os
specifications. The fuel pump rack levers are adjusted dur ng a
f uel rack shaft.

(
_~

CAUTION
-_ be used between

This setting should not be sanged in the field, nor should shimming evere fuel rack settings for individualh
the fuel rack lever clamp and the fuel rack lever to c angk lever to the fuel racir should
cylinders. Also, the female rod end which connects the fuel racratures indicates on overloaded or
not be adjusted. When a variation in cylinder exhaust temped by changing the individual fuel

an underloaded cylinder, this condition should not be remedield be determined and omrected.
/

h

rack settings. Rather, the real cause of the malfunction s ou

ent is manufactured with close working
FUEL INJECTION EQUIPMENT. lli

Clean fuel is essential to the operation of a diesel engine. Injection equ pmh f el can cause pumps or spray nortles to malf unction. Sma
the naked eye, may be caused by small particlestolerances and, therefore, dirt or other impurities in t e u

.

Pumps and valves must be checked and cleaned
ilt

depressions in injector valve seats, some so srcall they are not vis b e o
d from experience, however, care must be taken not toof dirt and will affect spray patterns in the combustion chamber.exact amounts of fuel according to the millimeter settings ofi

periodically. The frequency of cleaning can best be determ nebalance of the cylinders will be af fected and the problem must beli
wait too long before cleaning. Fuel pumps should de serl d for any reason,it be recalibrated in accordance

their fuel pump racks. If they do not, obviously thecorrected. It is recommended that whenever a fuel pump is disassemb e
with the manuf acturer's specifications. ,

There are other factors which may al$
ENGINE OUT OF TUNE.
Spray norries are usually suspect if an engine is out of tune or smoking.

e
I evaluating engine performance.d h

contribute to these conditions. All of them should be considere w end ?

t

|

* _
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PART H - ENGINE bat.ANCING (Continued)

,

lenition timing.s.

Short or long burning lag in some fuels.b.

Cetane rating of the fuel.c.

Low compr ession pressure due to leaking valves.d.

Worn piston rings and/or liners,e.

A change in fuel oil.f.

Def octive fuel injection pump (s).g.

Valve or linkage maladjustment.h.

determining the condition of an engine and
PREVENTIVE IWAINTENANCE. f
All available operating information should be used as diagnostic tools oreak operating condition. Among the conditionsi i i

in planning preventive maintenance actions to maintain the eng ne n pt mperatures are very valuable indicators of the condit on
to be considered, peak firing pressures and cylinder exhaust elinder exhaust temperature information. There

O of a cylinder. The pyrometer and thermocouples provide individua cyk firing pressures and cold compression pressures, and
l

(-
are a number of commercial instruments available to take peadetailed instructions for its use. The engine log is also an excellent
the manufacturer of the model selected can providediagnostic evaluations for preventive maintenance purposes.

b ervations of all pertinent f actors.

tool for use in recording engine performance and makingReadir'gs should be taken and recorded hourly and be supplemented with written o s
determine the cause of a malfunction.TROUBLE SHOOTING.

When trouble shooting the engine, all available information should be used toThe trouble shooting tables in Section 7 can be of assistance, as well as t e prev
entive maintenance curves and theh

engine logs.

2
5
5
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PART I-STARTING AIR SYSTEM
.

c linders during the equivalent

The engine is started by the timed admission of high pressure starting air to the power yimately top center of the power stroke,
GENERAL. .

of the power strokes of the respectEve cylinders. The air is admitted at approxl es. The pressure is then relieved, therebyt

and admission continues until approximately the opening of the exhaus va vAs the engine accelerates on starting air, the
coating rotation of the engine comparable to the normal power stroke.t temperature to ignite the injected

ff i'

heat of compression of.the combustion air plus the starting air develops su ic end begins to accelerate under its own
fuel within a few revolutions and the engine then initiates normal combustion an
power without further aid of starting air.,

driven air compressor, a refrigerantAIR SUPPLY,
There are two separate, independent air supply systems, each consisting of a motort of the other The starting air suDoly isd

drier and a storage tank. Each supply is available to the engine,indepen enstored at 250 psig(17.57 kg/cm ),and the full 250 psig pressure is availab e to
the starting air header without reductionl

' 8
l t ting

to provide maximum acceleration for extremely f ast and reliab e s ar

ated diaphragm valve in the
OPERATION. l

The on-engine portion of the starting air system consists of a remotely controlled,pi ot operli der barik, an air filter for each distri-
i

air supply line, two camshaf t driven starting air distributors, one for each cy nd When the starting air admission valve

butor, and a pilot operated air starting valve (figure 6.l 1) in each cylinder hea .in the supply line is opened. 250 psig (17.57 kg/cm ) starting air is admitted ntoll as to the starting air distributors. Individuat spool
the starting air manifold and,i2

therefore, to the starting air valves in the cylinder heads as we d) are engaged by air pressure and f ollow the profilei
h h t at least one spool valve is alwaysvalves in the distributors (one for each cylinder of the bank serv ce

of the starting cam attached to the end of the camshaft. The am profite issuc t ain position to emit a pilot signal to its respective starting valve in the cylinder, allow ng sstarting air cam will cause the spool
,

i tarting air to enter the com-
| {

h

bustion chamber of that cylinder, rotating the engine. As the engine rotates, t ealves The starting prowss will continue untilI
i i

valves to emit timed and sequenced pilot air signals to the start ng a r vir distributors emit a timed pilot air signal thati

the signal to the starting air admission valve is terminated. The start ng astarts five degrees bef ore top dead wger and ends at 115 degrees af ter top dead cen er
t on the power stroke.'
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PART I - STARTING AIR SYSTEM (Continued)
,

l

1 u.

STARTING AIR VALVE REMOVAL. /
Disconnect pilot air line(s) from volve cap and remove 12 Z.___ / |

point flanged cepeerews holding valve to cylinder head.
Pull volve ensembly from cylinder hood. ~ " " * " '%-

k, P

I"", , , , , ,

VALVE DISASSEMBLY (See Figure 8 l.1). j,k 'E 9l>

The starting air valve may be disassembled for inspection_ .,5_ h | [ '(H'

7 * *'" [i ' L k| 4~1!
and/or repair as follows. *

}Lift valve cap from housing and remove piston.
,

,
\ *

a. -.

Remove roll pin securing hem nut then, using a } 'I |

pin spanner or other suitable device in the two holes inthe}|b. ' - , .

|o e hem nut
Velve head to hold the vetve in position, rem v |

g-

fI
iifrom threaded end of volve stem. I| 6 :

' C "*":y

Slide valve outthrough bottom of wetve housing. I ff
7 -

,

!! |c. f : f s
Slide spacers and guides off volve stem. ""

i 3

|| |'
. j

j T_ ','', '"**"

Remove spring, retaining washer and apring ./
-

rA d.
-

wether from housing. ,,,

Remove 0+ings and valve-toheed gasket. wrs . |e. -

Inspect all surf aces of valve, guides, rings andf.
piston. Replace defective ports. Figure 61.F. Starting Air Valve

i

VALVE ASSEMBLY (See Figure 311). t

A.aembly of the volve is the reverse of disassembf y.
l t

Aseemble lower guide with rings in ptoce,long spacer and upper guide to va ve s em,
a. ide.

Slide valve into housing from tnattom, taking core not to demoge rings on tower gu
b. id

Slide short spacer down over top of volve stem, ensuring it seats in the upper valve gu e.
f the housing bore. S'idec.

Slide retaining weeher down over short spacer, ensuring it seats on the shoulder o
[d.

down the spacer and install spring wesher. i d alve cap. l

Assemble hem nut to the volve stem and tighten. Install roll pin then inetall p ston an v
e.

VALVE INSTALLATION. insert volve essembly ento waive hole in cylinder head
oi and powdered grapnete and thread capscre*(s)Assemble O.nngs and volve.to head gasket to the valve assembly t s the

150 ft.ibs Connect pilot air kne(s) Toinsure that the capscreas stay regn ald be retorqued every eighthout s of operation|
Lubrecate threads of capscrew(s) with a 50 50 menture of tubrecating s

into cyhnder head Toroue capscrews tocopper gasketsqueezesintothevoedsenthegashetcavnf.thecapscrewss out capscrew fategue, et es emportant that they maintain ther
h

until no change in the high torque value is observed To prevenb
) protoad

.s. s n.
N
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PART I- STARTING AIR SYSTEM (Continued)
.

TIMING THE STARTING AIR DISTRIBUTOR. ry to re time

The starting air distributors are timed at the factory when they are installed. It it should become necessa
them, the following procedure may be used. d is five

Bar engine over in direction of normal rotation until number one cylinder of bank being time,

degrees before top dead conter (STDC) on the end of the compression stroke.
s.

,

Remove hem head capscrews that secure distributor cover to housing Remove cover and gasket to gamI b.

access to interior of distributor. l
| Disconnect tubing and elbow at number one cylmder port on distributor. Remove cap, spring and spoo

c.
'

from number one position. Re-install spool.., f housing

Loosen capscrews in elongated holes in distributor housing sufficiently to permit shght rotation o
d.

; assembly. f

Direct a beam of bright light into spool valve opening at top of distributor housing to observe poset+on o
p

b port. While holdmg ,

spool valve for number one cylinder. When valve is open hght should be visible through tu mg
e. i h correct timing point. |

spool light against cam, rotate housing until light is just visMe through tubing port. This s t eWithout moving distributor housing, lighten capscrews in elongated holes to secure distributor housing o
t engme. J

Re check timing by rotating crankshaft in direction of normal rotation until light just becomes visible in|
TDC with number one cylinder on

| tubing port. The flywheel pointer should indicate that crankshaft is five degrees B
f.

end of its compression stroke, if it is not, repeat timing procedure.

Remove spool from number one position in distributor housing, install spring, spool and c.p. Connect
|

elbow and tubing to port on housing install gasket, cover and hem heed bolts.
g.I

h

If timing of the other cylmder bank is necessary, insure that number one cylinder of that bank is on t eg

il f that bank to crank l

end of its compression stroke. An error in selecting the correct position will result in a fa ure o
h.I

:j
when a starting air signal is apphed to the anyne.

f .I.

AIR FILTER INSPECTION. The frequency

The air filter in the supply line to the distributor should be inspected and cleaned at regular intervals.I
j

of inspection and clean >ng should be determined by opor ating conditions and emperience.I

i n

Low point water collectors. "Y" strainers and air receiver tanks must be drained daily whether engine / generator s ru
STRAINERS.a

f nt inspection is
$

or not. Inspect and clean "Y" strainers weekly. If the fouleng of the strainers is such that more reque
$ wortented, shorten the inspection interval.
E
3
L
U

S
e
t

Ok
V

(
,
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PART J - COOUNG WATER SYSTEMS

GENERAL. l

All Enterprise engines are cooled by a closed loop system in which a fened supply of treated ater is continuous y|

circulated through the system by a jacket water pump with practiczity no loss m quahty. The water supply for thejacket water system must be completely treated for both scale and corrosion, and raw, untreated water must never bee

f
introduced mto the system. For the first run of an engme, distilled water is imperative. 1

WATER TREATMENT PROGRAM.
Transamerica Defavel does not specify any particular water treatment program, recommending mstead that a water

'
d There

speciahst be consulted about the degree and frequency of treatment, depending upon the type of water useare a number of rehable water treatment companies who will contract to properly condition eng ne lacket water to'g
t Nateo Chemical

prevent cortosion and/or scale m the engme iacket water passages,and m the pipmg systems and coo ers. Company, Drew Corporation, and Magnus Maritec international are examples of such companies it is recommended
,

|'
t d that a weekly test

that tiuch a company be employed for thes purpose When a contract is entered mto, it is sugges e
i

requirement be written into the contract.
p

OPERATION, b

All coohng surfaces must be kept free of scale or other deposits as any such accumulation will deyede the coo ngf l

capabihty of the system and, therefore, the coohng water temperatures will not accurately indicate the entent o coo -
'

ing Any coatmg on the cootmg surfaces will act as an insulatmg material, and will prevent transfer of heat if for anyreason there is a disruption of the circulation of the coohng weter flow, the engme should be shut down as soon as' shock;

practicable tc prevent a build up of temperatures, and possible serious damage to the engme. To avoid thermat re of the
which could cause damage to the engme, do not admit cold water to the system until af ter the tempera u| 4

conting surfaces have dropped to approximately that of the ini.t water.l

USE OF ETHYLENE Gl.YCOL.
The use of ethylene glycol antifteets m the coohng water will materially affect the coohng capacity of rad.ators and

'

other coohng devices A $0% ethylene glycol misture will toduce the radiator cooling capacity approximately 12%'I

Theref ore,unless the coohng system was oriomatly designed for this coolant misture, the Transamerica Delaval Customer
Service Department should be consulted prior to the use of such a coolant.

SCALE AND COft1908fON, l

All water contams some impurities suspended in the weter. The impurities m an eng ne coohng system can foem va ,f datilled or
which will prevent the proper transfer of heat from the hot enigne parts to the coohng water, The use o

*

sof tened water m the system simphfies the control of scale forming substances. Generally scale only f orms on the hot
1 ,

surf aces of the mternal passages of an engme coohng system and not throughout the entire system Scale is a very poor

conductor of heat. Imptoper heat transfer,pertecularly uneven heat transfer, causes stresses m the affected par ts Thewstresses may cause cyhnder liners, cyhnder heads and other parts of the engine to fail prematurely, improperty treatedf d steef is
water may allow the internal surfaces of, an engine to become pitted by corrosion. The f atigue hmit o iton an
yestly reduced by corrosion. Corrosion in the coohng system may leed to failure 6n the knees and heads, and may
cause serious damage to other parts of the coohng system.

TREATMENT Of JACKET WATER.
To minimise wrious coreosion and sca e deposits, and to proions the hfe of the coohng system, tne treated water mustr The

be mamtained within specified hmits Actual treatment will vary depend <ng upon the nature of the watee supply8 t

treatment of water m an engme coohng system requires the use of chemicals to mamta<n the sikahnity and theoma e/ 8

concentration of water as specified levels. If the alkshnity and chromate concentrations are properly ma nta ned, scte()
formation and corrosive actior' will be yestly reduced The pH value of the water must be maintained w. thin the rangei

lo avoid
of 8 25 to 9 75. A minimum value is specified because lower values can result m accelerated torrosion

-. - - _ _ _ _ _ _ _ __ __ _ _ _ --- - - - - - - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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PART J - COOLING WATER SYSTEMS (Continued)
.

d to en&ed a 9 75 ph value.l

corrosion which occurs in highly alkahne waters, the alkahnity should not be al owent

SODIUM DICHROM ATE AND BOILER COMPOUND T RE ATMENT - Sodium dichromate is a convenief lm on meta'lic sutf aces which

and inexpensive source of stkahne chromate which has been found to form a protective i
a.

be noted that sodium dichromate is an

prevents attack on the metal by corrosive elementsin the pcket water,it mustacid compound which must have an alkaline compound such as boiler compound added to convert the sodium dichro-

mate to an offective alkahne chromate f orm. disodium

SODIUM AND DISODIUM PHOSPHATE TREATMENT - When using sodium chromate andsystem, mining the solution, testing andh

phosphate for coohng water treatment, the procedures for preparing t ed for sodium dichromate and boiler
b

controihng the chromate concentration and alkahnity are the same as that usecompound treatment The only detferences between the two are first, the chemicals use ,ld be recommended by a water
d and second, the amounts

h

used. When using either of the above chemical treatments, specific prnportions s out of the system
treatment company for the specific water to be treated and for the water capaci y

'

The chromate chemicals used for water treatment of coohng systems are classified as a healthl d form,

hazard. Personnel should avoid any contact of skin or eyes with chromates when in a so iG l

or in a solution Breathing of chromate dust or solvtson Spray should be avoided Plant personne ,pment which is
| ( when handhng chromate chemicafs, should be provided with protective equi

consistent with the type and degree of hatard mvolved.
'

Whert sken has come into contact viith chrcmates, the affected areas should be washed wrth
large quantities of soap and water immediately af ter exposure

ENVIRONMENTAL CONSIDERATIONS, nt, nitrite compou ds such as sodium nitrite, NANO are sugested as2n
l rged Nitrites mayWhen environmental cantiderations are paramco

a substitute. However, the selection of a chromate treatment over a nitrite treatment is strong y ul h omate compounds

adversety af fect the f atigue lif e of the maior cast parts such as cyhnder heads. Whenever possib e, c r
,

*

should be used

CLEANINO THE JACKET WATER SYSTEM, da-

Should the cleaning of the pcket water system te trouired to remove rust or scale from the system, the recommenTransamerica Delaval's Customer

tions of the water treatment company should be obtained as to a suitable cleaner. Service Department should be called upon for advece as to the compatibihty of the cleaner with the coc ng sy
h stem

completely drain and flush

materials Wnenever it is necessary to change from one type of water treatment to another,f these materials
the system f ree of any chromates or gtycol antefrecie to prevent any mining o

,

I(N
/ ) 8

i
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PART K - LUSRICATING OIL SYSTEM
.

'

mp before it passes to the oil strainer.
FILTERS ANDSTRAINER$. h

The full flow filter continuously filters all of the lubricating oil from t e pud op across the oil filter, Change period will very with
main in service con best be determined by

The length of time that the lubriceting oil and the filter elements may rei e is subjected. During the first two or ttwee days of engine
carefully watching the result of oil analysis and the pressure rl the strainer at the pump suction and the strainer et thel
the operating conditions to which each individue eng n

,

e any debris and other lovvign matter that rney be
operation after initial installetion, or after a maior overhau , oil header inlet should be checked and cleened as nar== mary to removding, the following should be done to the degree newssaryl
present. If at any time the oil pressure gauge shows a ow reae

to correct the situation.
,|

Check the oillevel in the sump tank. be detected by a sudden increasea.

Inspect strainer, filter and lubricating oil cooler. A leek in the moler maystem. Leekage may occur in the packing between
in oil mnsumption, and by the presence of oil in the cooling water syending on the construction of the moler,

b.
d

the tubes and the tube sheet, or may be due to tube erosson, epbt ctionL
Inspe:t all externel and internel piping for tightness and freedom from o s rug

c.

Dismantle and inspect pump,d. i

ee,.
"
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1 ELSOw 1150VARE KEY
2 CAPSCREW 12 HEM NUT i

3 OASKET 13 COTTER PlN
$ 4 L.O.Puter to LOCKING CLIP

5 CArtCREW 15 CAPSCREWd 8 GASKET 16 DOWEL
g 7 AoAPTER 17 CAPSCREW _,

8 OASKET 18 GEAR CARRIER'
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PART K - LUBRICATING OIL SYSTEM (Continued)
.

'

il pump is used. Lubriceting oil in the pump
LUBRICATING OIL PUMP.
A Delaval IMO, constant displacement, rotary screw type lubricating of but three moving parts - a power rotor and
is propelled axially in a constant, uniform flow through the action otors propells the lubricating oil in a steady flow without any

afves, sliding vanes or reciprocating parts to weartwo idler rotors. The smooth intertneshing of these ro and is coupled to a carrier assembly by a splinedchurning, pocketing or pulsation. There are no timing gears, cams, vine base, and is driven by the crankshaft speedupor become noisy, The pump is mounted or, the front of the geercase,to operate satisfactorily with little attention other
h

coupling. The carrier assembly is mounted on the front of t e engi i sually indicative of excessive suction lift, air in the system.i
gear, Once the pump has been placed in service it should cont nue
than an occasional inspection. Noisy pump operat on s u
misalignment or,in the case of an oil pump, excessive wear.

REMOVING PUMP (See Fipre 6 K 1).
To remove the pump from the engine, do the following. cessories.

Remove the inlet and discharge piping as well as any other interf ering piping or ac
ka.

Position a sling on the pump and attach to a chainfall and take up the slac .directly away from theb.

Remove the capscrews that secure the pump to the adapter and pull the pump
c.

engine until it is clear.'~N

fV\

DISCHARGE
cAPsCRtw<*

LOCKWASHER
.... . LOCKWAsHER

LOCEWASHERq ,

,CAPsCRtW
,

. [ ;

SPLINE
) ,

!

\\\\\{ \ $+
Axxxu ' '

f ?. ?'
,

|
b -

' 3 N ~ Ald__

-1QYW' 7'A'%'::"5'555S'SS'35555nus ::X:THRUSTSHDE_
"

- - * - - - - -
- -
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h
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E
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} Figure 6-K 2. Lubricating OilPump Assembly
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PART K - LUSR(CATING OIL SYSTEM (Continued).

PUMP DISASSEMBLY (see Fipre 8 K.2). ht o dirt, grit or other foreign

If it is necessary to disassemble the pump, exercise care to keep the parts clean to t a n
metter will be present when the pump is assembled. Disassemble as follows.i i pump

Set pump on suction end and remove capscrews and lockwashers holding belance piston hous ng n180 degrees apart and insert % - 13 eyebolts
,I

casing. Remove two capscrews with lockwashers from opposing positions,into vacated holes. Lift internal assembly out of pump case and set eenembly on its side.
Do not set it down on thrust '

a.

plate. Remove eyebolts. Note location of

Remove bolts, lockwashers, spacers and thrust plate from suction end of rotor housing.s each bolt is removed. Set parts aside
each spacer with respect to the rotor housing. Support and remove each spacer a

b.

in order of removal Do not remove

Grasp thrust shoe on end of each idler rotor and unscrew idler rotors from rotor housing.
c.

thrust shoe f rom idler rotor, haft and pull

Remove capscrew with lockwashers and bearing retainer. Grasp coupling end of power rotor sas it is removed. Inspect power rotor
t

power rotor out of rotor housing. Avoid hitting bushing with end of power ro or
d.

and bell bearing. h l or

If it is necessary to replace the bell bearing, proceed as follows. Remove retaining ring. Obtain w eeh ft and use puller to remove the
gear puller and small piece of soft metal. Place soft metal over end of power rotor s a

e.

bell bearing from belance piston. Discard bearing. housing. Do

Remove retaining capscrews with lockwesher and separate befence piston housing from rotort This completes disessem3|y neces-
not disassemble bushing from belance piston housing unless it requires replacemen .

f.

sery for meintenance purposes.

PUMP REASSEMBLY (See Fipre 8 K 2),
l taining

It ball beering was removed, pressure a new bearing into position on the belance piston. Rep ace reLock tire Retoining Compound and insert
ring. If a new bushing is required, coat outside diameter of new bushing with

s.

bushing into belance piston housing. d of

S:t rotor housing on suction end and install new O-ring. Place belance piston housing on discharge enholes,180 degrees apart, vacant.
rotor housing and fasten down with four cepecrews and lockwashers, leaving two

b.

) i

Lay rotor housing on its side and ir: sert power rotor into housing from discharge end. Fasten bear ng
,

retainer to balance piston housing with capscrews and lockwashers.
c.

i ith bolts

Insert idler rotors into rotor housing from suction end. Reessemble thrust p!ste to rotor hous ng wi ll ti n Note: The four spacers

and weshers, making sure that each spacer is assembled to the housing in itsorig na oca o .have been machined to cloer tolerances to sesure accurate spacing between thrust plate an rotor outplate and rotor housing. Improper
d.{ d h sing. A minimum

g h
torstue of 800 in. Ib applied to each bolt akudd annure proper spacing between s rusy

3
apacing will result in accelerated weer of internels. l i to| Insert two %" x 13 eyebolts into vacated holes in belance piston housing and lift internal assemb y ndamage 0 ring during process. Fastenh
polition over pump case. Insert assembly into pump case, being careful not to

e.
E

internal assembly to pump case with capocrews and lockwashers.
'

i ,

6-K 3
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PART K - LUBRICATING OIL SYSTEM (Continued) .

This completes pump ressaembly. Before mounting to gearcase, make sure that pump turr s freely. Do notf.
force piping into place as the strain on the casing may cause excessive pump weer,

h 3 I t
s s 5

c
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t CARRIER ASSEMBLY "

2 ausHING
3 ROLL PIN
4 OEAR

MCTION A-A
S$ LNG

7 ORIFICE
%/

k
Figure SK 3. Geer Carrier Assembly

1 04L PUMP GEAR CARRIER ASSEMBLY (See Fipre SK 3).
The pump gear carrier setembly mnsists of a shaft supported by two bronze bushings, pressed into the carrier assemblyd li ttached to the shaft by
with their flanges to the inside. The pump end of the shaft has an internally spline coup ng, aThe drivegear

a roll pin, which accepts the external spline adapter secured to the end of the pump power rotor shaft.I i d to the
is mounted on the shaft between the two bushings and engages the speedup gear. The carrier assembly s secure,

engine block by capsceews and locking c ips, and is located by two dowels.8

DISASSEMBLY AND ASSEMBLY OF GEAR CARRIER ASSEMBLY (See Figure 6 K 31.
To remove the pump per carrier assembly, the pump must be removed as outlined above, then the gaircase removed.

3

Remove lubricating oil lines from carrier assembly,a.

Send back locking clips and remove capscrews. Remove carrier assembly.b.

To remove gear, shaft and bushings from carrier assembly, remove gear to shaft roll pin then press shaft2 i

s out of gear. With shaft and gear removed, press bushing out of drive bradet, ,

c.

9 i

4 Assembly is the reverse of disassembly. Use new locking clips.a d.

5
N
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PART K - LUBRICATING OIL SYSTEM (Continued).
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( Figure 6 K-4. OilPressure Regulating Votre

f*RESSURE REGULATING VALVE. discharge

Lubricating oil heeder pressure in the engine is regulated by a pressure regulating volve, mounted on the pumpt m components. Set at 50 psig,

piping so that the pump discharge is directed to this valve before reaching any other sys eit senses header pressure and regulates the bypass volume to maintain the set header pre.sure. Besides regu at ng e
l i h ader

il h flow in the system is

pressure, the vefve protects the system from excessive pressure du ing starts with mld o ,or w enrestricted between the pressure regulating volve and the header pressure sensing point. The unct on
r

f i ing of the valve is

as follows.

The "lN" port of the velve is connected to the pump dismarge line and the "OUT" port is connected to ai i

bypass line feeding back to the engine base. A sensing tube, connecting the volve seat cap to a point on the ma n eng nea.*

oil header, applies header pressure to the valve pressure sensing chamber.

The pressure in the sensing chamber acts against the end of a spool volve, compressing a spring at thefh s ool valve will

adjustirq screw and of the assembly, if the sensed pressure rises above the set point, the lands o t e pclear the lands on a sleeve. Oil then flows from the inlet section to the outlet section of the regulating va ve an
b.

l d back

d
to the engine base to bypass a part of the pump d:scharge to reduce the pressure in the hoo er.

h

A drilled passage connects the inlet section of the wlve to the annular space around the spool valve at t ed oppose the sprang

adjusting screw end. This allows pump discharge pressure to act against the end of the sleeve anforce at the other end. When an excessive pressure differential exists between the pump discharge and the
c. header

the regulating valve

pressures, such as when starting with cold oil, or because of an obstruction in the system betweenthe spring

and the header pressure sensing point, the sleeve is forced towards the sensing camber end, compressingThis will uncover the lands of the spool volve and the estats oil will bypass through the spool valve and t e ex
h cess

oil will bypass through the outlet side of the volve boek to the engine base.f

--
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~( PART K - LUBRICATING OIL SYSTEM (Continued)end, will leek past the seeling

The oil in the annular specs around the spool wive, et the adjusting screwThis cavity functions as a buffer chamber. To stop volvel
the buffer evity to the outlet section of the ve ve.

poows of the spool volve and into a cavity in the cap.cecillation, an adjustable needle w!ve controls oil spillage romacting against the header pressure

d.
f

f
The oil heeder preuure is set by increasing or decreasing the spring orceill increase header pressure, and backing it out will

in the velve sensing chamber. Tuming the adjusting screw in wI e.

I

ngine lubricating oil strainer and thedecrease pressure.

d other instrumentation that show or indicate enginef,h

Normal lubriosting oil pressure is 50 psi, measured between t e e
may take their sensing point at the opposite end of

engine oil header which is also the pickup point for all gauges anlubricating oil pressure. Lubricating oil pressure shutdown devices
I f.

ill take into account the normel change in pressure between the|
nditions of engine speedhnd lubriating oil temperature.| the engine in which case the shutdown set pressure wll

supply and of the engine and the shutdown sensor under a co l
g '

i k located onthetopof theintake section
ADDING LUSRICATING OIL. l for monitoring purposes, however, the level in theThe lubriating oil sump tank is provided with a fill connectionandadipst c ,
of the tank. A level indicator rney be provided at the mntrol panef h dipstick before oil is added to the system, and thei s of the dipstick. Oil may be added to the systemsump tank should be verified by means of a visual reading o t e

The dipstick has two sets of marks, one for the static conditiond " Low Static" on one side of the dipstick, andexpected rise in the level in the sump tank must be verified by mean
with the engine running or with the engine stopped.

ld be determined that the correct oil is available.
i"

and one for the running condition. The markings are " Full Stat c anh

" Full Run" and " Low Run" on the other. Before oilis added,it s ouAppendix VI of this manual contains the recommended specifications for t e u
h l bricating oil to be used.

m

( L CAUTION '
,

a
u h mp tank. Do

Oil must never be added from any location other than the fill connection on t e sul in oil reaching other thanI

not overfill. Attempting to fill from any other location could resu t)

i design locations.
a

h

i .

1

To
-

\vi

1
1
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PART K - LUBRICATING OIL SYSTEM (Continued)
,

and is very important to the engine's
SELECTION OF A LUSRICATING OfL.
The selection of a lubricating oil to be used in the engine is a complex matter,nd the engine manufacturer should be carefullyi g oil are stated in Section 8, Appendix VI.successful operation. The recommendations of both the oil supplier ai

considered. Transamerica Delavel's recommendations for a suitable lubr cat nd fuel sulphur content as well as the filtration
Other f actors to be considered include the price, service life, load factor an

,

and oil purification system used,

li r should map out a plan for periodic
CHANGING LUSRICATING OIL.
Once an oil has been selected the engine user, in consultation with the oil supp e ,lts by the owner, the oil suppher and the

i

semphng and laboratory analysis of the oil. A careful review of these resuher or not the oil needs to be changed. Transamerica|
d oil rather than on a time schedule.

h

testing laboratory can then become the basis for deciding w etDelaval recommends that oil be changed on the basis of condition of the usee

n w oil,and to determine what changes
ANALYS18 OF OIL. f

Various chemical and physical tests have been developed to classif y and identi y eTesting Materials (ASTM) has standardited these

have occured in these oils while in service. The American Society orAmerican National Standard by the American National
f,

5, recommends that representative oil
tests, and certain of these tests have been approved as an
Standards Institute, Inc. (ANSil. Transomerica Delavel, as stated m Sectionhly basis, or of tener if operating conditions
samples be submitted to a qualified laboratory for analysis on a mont
indicate The following tests should be conducted. d ANSI 211.107. The2

OIL VISCOSITY - Tested in accordance with ASTM D88 D445, ANSI 211. anil is being used, and will indecate oxidation (by increasedV

f viscosity test will indrcate whether the proper grade o o lier can provide advice regardmg the significance of the
fe-'
il

viscosity) or fuel dilut.on (decreased viscosity). The o supp
|

specific values obta ned. ntamination of the oil canl

WATER / GLYCOL CONTAMINATION - A measure of water and/or glyco come from Imer seats, turbocharger casmgs or
#

g#ve warning of potential problems. Water or glycol contamination can co
b.

f aulty lubricating oil heat eachangers. D974, ANSI 211.59 and ANSIi

6
NEUTRALIZATION VALUE - Test in accordance with ASTM D6 4, pable of neutrahimg the acido

Engme oits are intentionally formulated shghtly alka:ine so that they are caGeneral'y th.s reserve alkahnity is depletevc.

compounds that form from products of combustion and of oil outdation,and the week organic acids that attack bearing surfaces can be destructiveil degradetion. As time goes on, TBN is depletePeriodic evaluation of Total Base Numba211.131.

f
(TBN) and Total Acid Number (TAN) are an important measure o o

,

and TAN begms to rise. f oil mioluble materiat

PENTANE AND BEZINE INSOLUBLES - ASTM 0893. This test is a measure ofuel carbon and highly urbontred materui

oilresmous matter f rom oil or additive degradetion, esternel contaminat on,f rom degradation of fuet, oil, additives, engme weer and corrosive materials _
d.

i l etements m the i

SPECTROGR APHIC AN ALYSIS - This test is used to measure quantitively the m nerar lead and tm, Also, dirt contail

including wear or corrosion metals such as aluminum, chromium, iron, copper, si ve ,e.

nants from the cootent such as boron, poteesium and sodium,
M l meanr

The Transemerica Delsel Customer Service Depertment in Ookland,Cahf ornia will we co
,

Detaval cannot

correspondence regarding oil selection and/or testmg Although Transameriui nce of the lubre

recommend a specific lubrecent, nor accept any responsibihty for the per ormacant selected by the owner, it will be pleased to discuss 61s emperience with a g>ven i
o l product,

or ieview you oil analysis and offar commentsr

m __ - - - - - - _ _ _ _ _ _ _ _ _ _ . _ _ _
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PART K - LUBRICATING OlL SYSTEM (Continued)
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F%rs 6 K 5. Turbocherger Beering Orip Lubricetion System

TURBOCHARGER BEARING LUSRICATION, l ne operation. On the

The turbochargw bearings are fubitcated by the engine tubricating oil system during norma engirbocharger. The desdn features of the
other hand, when the engine is m standby status oil is not circulated to the tuElliott BCO 90G turbocharget are sudi that the prolonged circulation of oil to the beermgs whi e t e u

l h t rbocharger is at
t failure of the bearings during a

rest will result in oil intruding past the bearings into the turbine section. To prevenstart, howevw it is essential that the bearings be property lubricated during prolonged perio s
d in standby. A drip*

il f rom the " keep warm" supply

lubriation system is provided to perform this function (see figure 6 K 3). Lubricatmg ois passed theough a 60 micron filter then through a 0.0t4 inch diameter orifice to a sight glau.b arings. This flow is sufficient to
The sight glau, one for

h

each turbocharger, provides a means for positive determination of oil flow to t e eLittle snaintenance should be required
provide for proper lubrication of the bearings without flooding the turbocharger.
other than the pouible replamment of filter elements.

T.

7

e

--



. _ _ . . - . _ _ _ _ _ _ _ _

.
,

-
.

- ._

o s.t.i
'G) |nStruction Manual

I- PART L- MISCELLANEOUS .

I-

!MANOMETER.
The U type manometer is a primary standard for the measurement of pressure. No other device offers a higher degree
of accuracy of result. The vertical distance between the two levels of fluid in the U tube is a measurement of thetfif-
ference in pressure between the two sides of the manometer. The difference may be expressed in linear units of thed acts directly on the
endicating fluid. Such as inches of water or inches of mercury. Because the pressure being measure
indicating tiquid in the tube rather than through any mechanical devices, the column will respond directly and ip
diately to the slightest change in applied pressure. For example,if water is the indicating medium, a pressure charg of
one ounce per square inch will change the indicating levels approximately one ench. As standard scates are gradogtedS

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

gg

being merely the degree to which the pressure has been brought below PUMP
,

atmospheric pressure. Vacuum is normally read in inches of mercury, .

1
if a vacuum pump v,ere to be connected to one leg of a U type manom- g
eter while the other leg remained open to atmosphere (see figure GL f), 1
the pressure on the pump side would be reduced as the pump works. 8

- - -

Atmospheric pressure, then being the greater pressure, will force the 1
column of mercury down on the open side and consequently, the
column of the leg will rise. The resultant differencar in the height of
the column is the measure of vacuum in inches of mercury created Figure SL 1. Manometer wi5

\ by the pump. Vacuum Pump

l

OPERATION AND MAINTENANCE.
With both legs of the manometer open to atmosphere as shown in figure GL.2, indicating fluid is placed in the tube
untel the level is at the center, or zero graduation of the scale. If the level of the two columns is less than zero. fluid

should be added, if the reading is more than zero, fluid should
be removed. Minor adjustments may be made by moving the

4 A . scale to obtain an exact zero reading. Application of pressure to,

1 1
the right leg will force the fluid column down in the right feg
and up in the left. The instrument is then read by not'ing t'heJ 1

1 1
deflection from aero in both legs, then adding the two.15.the
case of the manometer illustrated on the right side of figure-

) | GL 2, the difference is the sum of two inchts below terp ;end
y y j ttwo inches above, or four inches.
4 4 :w

.

i .

Figure GL 2. Reading Manometer

Z
E
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CRANKCASE PRESSURE. f the crankcase, crankcase

The crankcase is fully enclosed and theoretically air tight. To remove gases and vapors romof water by a standard U type mano-i h

pressure is maintained at a level slightly below atmospheric, measured in nc es
meter,

CRANKCASE VENTILATION SYSTEM.
ine is running. Theh

The crankcase ventilation system is desiysed to expel vapors from the crankcase while t e engl rly piston ring and cylinder lineri

system will also assist in determining the general condition of the engine, part cu aill cause a rise in crankcasepressure and,l b
wear. If piston ring and/or liner wear becomes excessive, piston b ow y wards a positive pressure. Two motor 4 rivent

therefore, will be evidenced by a change in the crankesas pressure owd discharge directly to atmosphere
j

blowers are used to draw directly from the crankcase through an oil separator anthrough the separators, and the

outside the engine room. Oil particles suspended in the air are removed as the air passeslly when the engine is started, and
'

i

oil drains back to the engine crankcase. The blower motors are started automat ca
shut down when the engine is stopped,

CRANKCASE VACUUM.
d d peed. Crankcase

A crankcase vacuum of 0.2 to 0.5 in..H O is normal when the engine is operating at rated loa an sin this way gradual changes can be
i

2 di
vacuum readings should be taken carefully, and compared with previous rea ngs. h major proportions. Should the
detected and investigated so that minor problems con be corrected before they reacd d orrected.
readings indicate a loss of crankcase vacuum, the cause should be promptly determine an c

(

.

I

I
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Section 7
Trouble Shooting

GE%ERAL
Maintenance trouble shooting, to be effective demands a sound knowledge of the engine in both a theoretical and a
practical sense. The mechanic must analyze the causes and effects, and where the cause is not readily apparent, he
must employ a fine sense of logic based upon the use of all tools available. Section 1 discussed preventive maintenance.
The technique of that program is, to varying degrees, applicable to 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.

RECORDS.

All possible malfunctions and their probable causes cannot be accurately foreseen and recorded in advance. Eadi
enyne will develop and display daracteristics which may not be common to all ergines of the same model or type.
Also, the same operator or mechanic will not always perform the trochle shooting and repair work. It is, therefore,
suggested that the owner establish a detailed repair and trouble shooting record system. Each malfunction should
be recorded in a readily usable form,li 'ing the indications and findiny for each malfunction encountered together
with the repair action required. This record will be of assistance in determining the cause of any future malfunctions
and will be a valuable training aid for all operatcrs a.4 mechanics.

1(VRT RECORDERS.
The nuclear application requires fast starting and loading at random intervals, and associated diesel generator records
should reflect the effects of both structural (acceleration) and thermal (temperature dange) loading. To accomplish
this purpose, two chart recorders are included at the Local Generator Control Panel, which are of special significance
in rec:rd keeping, and in the entire maintenance / trouble shooting concept.The records provided by the chart recorders
effer highly accurate documentation of vital parameters, and should be used in conjunction with records of other
syst:m variables and repair and maintenance proadures records to form a complete portrait of unit performance and
condition. Capabilities of the respective $ art recorders are as follows.

The high speed Gould model 2600 (6 channel,2-event) recorder with a chart speed of 2.5 inches per seconda.
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

(5) Governor position
,

(6) Generator voltage

(7) Timing mark (1 second interval on recording paper)

(8) Fuel header pressure

(g) Generator breaker close (event) (Owner supplied contract)1

l

71 bos .v 7sosutsosa



_.

.
.

. ..-. - -

. , , .
-

Instruction Manual 7-1 A-O
Vi

J

b. The slow speed Westronics engine temperature recorder shall run continuously and will be used to monitor
standby as well as operating temperatures uf die following.

(1) Jacket Water IN

(2) Jocket Water OUT

(3) Lubricating Oil IN

(4) Lubricating Oil OUT
s

(5) Manifold

(6) Stator (hottest point thermocouple as determined by test will be monitored.)

(7) Ambient Air

The chart record'rrs are an important tool in the total maintenance / trouble shooting proyam. It mustc.

be emphasized, however, that relevant data from all sources must be analyzed and compared before a logical ciagnosis
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 is experienced in one or more variables, comparison with other
parameters in the same start event profile may reveal the cause of the problem. For !nstance,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 individaal start profiles with those of other units, or comparison of start

( event profiles over a period of time, will reveat Fadual 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 to 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 to other relevant data as a first step in troubleshooting.

D

! !
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TROUS LE POSSISLE CAUSE ACTION

f. Engine falls to turn over when e. Air line wolves closed Check alt line wolves,
car stort wa6ve turned on. b. Air pressure too low. Check preneure. Check for clogged air

strainer,

s. Air stort velve leekIng or stuck. Roleses cylinder prosaure by opening
Indicator cockt Remove air start volve
and enemine.

d. Air distrbutor out of time. Adjust timing.
e. Control system electrical power turned Turn switch ON.

O F F.

2. Engine turns on starting ele but e. Fuelline valve closed. Open all fuel waives.
will not start, b. Fuel low in day tank. Fall tank.

c. Air in fuel system. Vent system by opening fuel pump bleeder
screws.

d. Fuel lines caogged. Clean 46nes.
e. Dirty or plugged fuel oil filter (s). C6een filterls).
f. Water in fuel oil. Drain and refill system with clean fuel oil.
g. F uel control link ese stickine. Free and lubr6cato.
h. Fuel oil relief valve stuck open. Free velve.
6. Fuel rock shutoff cylinder not actuated. Check en0lne control eystem,
l. Overspeed shutoff cylinder not Check overspeed trip and volve. Check

ectuated. control system.
k. Stuck waive. Free, clean and lubricate.
f. Air intake blocked. Check overspeed shutdown butterfly velve.

Check intake air filter and lines.
m. Velves riding open. Adjust valve clearonce or,if equipped with

hvormulac lif ters, check lifter adjustment,
n. Velve seate worn. Reseet valves.
c. Leeking cylinder head gasket. Replace with new gesket(s).
p. Fiston rings stuck. Replace rings es required, using oversised

rings if necessary. Replace liners if scored
or worn.

3. Running engine slows or stops. a. Safety shutdown system tripped. Check control panel annunciator for caves.[ b. Low fuel levelin day tank. Fill tank.$ #

b/ c. Water in fuel oil system. Drain end fill with new oil,
d. Fuel filters plugged or dirty. Clean filters.i e. Engine overloaded. R educe load.
f. Restriction in exhaust line. Clear obstruction,
g. Inteko air supply restricted. Check and clear obstruction. Check intene

e6r filter overspeed air butterfly volve,
g h. Seired piston. Actual piston sierute makes a high pitched,

causeking noise. STOP ENGIN E
IMM EDI ATE LY. Check pistons. liners
and coolen0 system.

4. Engine fires 6rregularly when e. Low fuel oil day tank level. Fill tank.! runn 6ng. b. Air in fuel oil system. Vent system by opening fuel pump header
screws.

c. Water in fuel oli system. Drain and fill with new fuel oil.
d. Fuel lines clogged. Clean lines.
e. Flugged or dirty fuel oli filter (s). Clean filters,
f. Fuel injection nortle stuck, clogged, Replace with spore and enemine.

damaged of dirty.
9 Injection tube connections leaking. Clean joints and fl hten,0h. Fuel notale bleeder volve open. Close volve.
4. Fuel injection pump dirty, worn or Replace with spare and enemine,

damaged.
J. Puoiinjection pums,s out of time. Adjust timing (see entine data sheet),
k. Fuel injection pumps out of balance Check millimeter setting of all pumps with

with other pumps. settin0 et f ull iced shown on engine date
sheet. Check individual cylinder enhewst
temperatures,

l. Lack of compression. See peregraph 2 above.

6. Engine has black enhoust while e. F uel norale stuck, elogged, damaged Replace with spare and enemine.
runn6ng. or worn.

b. Fuel injection pumpf s) out of time. Adjust timin0-
c. Fuel injection pump out of belance. See 4.k. above.
d. Air intake blocked. See 2.l. ebove,
e. Engine overloaded. Check load. Reduce as necessary.

/ \
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TROUBLE POSSIOLE CAUSE ACTION

S. Engine hee blue smoky exhaust. a. P6ston rings stuck. Free, cleen ring grooves and oil drain holes.
b. Worn piston rings or liners. Replace ringe es required. If necesesry use

oversised ringsw Replace liners if scored
or worn,

c. Burning tubricating oil. Check platon Fl.igs. ring grooves and liners,
d. Crack or hole in piston. Replace piston,

7. Engine knocks while running. a. Puoi naasle stuck, clogged. demoged Replace with spare end enemine.

or worn.
b. Fuel injection pump out of time. Adjust timing.

c. Poor f uel oil quality. Check specifications of fuel being used
against standards.

d. Defective fue4 toppet. Check, replace worn parts.
e. Piston looes in liner. Ehut eff fuel to suspected cylinder. If

knock decreases. check piston and ring
clearances. Replace worn parte,

f. Loose p6ston pin or pin bushing. Place piston et bottom dead center. With
pry bar, check piston for toons fit. Replace
p6n or bushing as necessary,

g. Connect 6ng rod beerIng defective. Check clearances.
h. Defective main beerings. Check clearances.

8. Low lubricating oil preneure. a. Low oil levelin sump tank. Add oil.
b. Lubricating oil suction clogged. Check strainer and clean.
c. Loose lubriceting oil piping. Check and retighton es necessary.
d. Loaded filter elements. Clean or replace elements.

e. Sticking relief velve. Free and clean valve.
f. Defective lubricating oil pump. Inspect pump. Repair or replace.

g. Prosaure regulating valve set too low. Adjust valve.

h. Loose or worn bearings. Check bearing clearances.

9. High lubriceting oil pressure. a. Rel6ef veno stuck. Free and cleen.

[N b. Dirty lubricating oli cooler or full flow Clea n.

] fliter.*

/ c. Pressure regulating velve est too high. Adjust to correct pressure.

10. H.gh jacket water inlet tempere. a. Jacket water pressure too low. Check and tighten connections.
ture. b. Air in water system. Check water pump - blood air,

c. Pump suction or discharge clogged. Check and cleon,

d. Pump airbound. Open vents on pump, or on top of suction.

e. Water passage clogged w4h scale. Clean with recognized solvent.
f. Inadequate heet enchanger coolant. Onepect and clean es necessary.

g. Dirty heet eschanger. Inspect and clean,

h. Engine overloaded. Reduce loed.
l. Loose piping. Check and tighten.
l. Inedequate row water mapply. C heck.

11. Encessive vibration, s. Cylinder misfir6ng. Check fuelinjector nozales, fuel pump.
cyl6nder fuel cut off.

b. Stuck volve. Free. re-face. resset or replace.
c. Mechanical problems. Investigate all systems and auxliieries.

petticularly moving or rotating parts.

12. Excessive exhaust temperatures. e. Engine overloaded. Reduce load,

all cylinders. b. Low manifold air preneurs, incrosse manifold pressure.

c. Piston sticking. Remove, clean, check clearances.

d. Bearing f ailure. Inspect and check clearances.

e. Dirty intake air filter. Cleen.

13. Unequal exhaust temperatures e. Velve leakage. Chech. velves, grind and resset.
(w6de spread with engine loaded) b. Fuelinjection pump out of adjustment. Adju st.

14. Rising exhavet temperature in e. Burned exhaust velve. Replace valve.

one cylinder. b. Bad fuel injection norsie. Check and replace if necessary.

c. Faulty pyrometer. Check thermoenuples and pyrometer.

16. High prarturbine enheust e. Engine over60eded. R educe loed.
temperature, b. Low mentfold air pressure, increase pressure.

c. Sticking piston. Remove, clean, check clearances.
d. Searing f ailure inspect and check clearances.

n .. Dirty inieke eir filter. Clea n.

|
\ /v
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TROUELE POSSl5LE CAUSE ACTION

16. Low enhaust temperature in one e. Sed fuel pump. Check end repiece if Indicated.
cylinder. b. Bad fuel purre nosale. Check and replace if Indicated.

c. Peutty pyrometer. Check thermocouples and pyrometer.

17. Erratic speed verletions (hunting) e. Injection pump improperty timed. R etime r ump.
b. Injection noaale tio clogged. Clean nostle.
c. Injection nosale improperly adjusted. Adjust.
d. Insection pump plunger stuck. Proe plunger.
e. Low oli level in governor. Fill governor with clean 011.
f. Low fust oil pressure. Incrosse pressure.
g. Governor or linkage sticking. Lubricate linkege with engine oil. Refer

to governor manufacturer's bulletins.
h. Governor adjvetment. Ref er to manufacturer's bulletint

18. Constant engine speed e. Governor. Ref er to manufacturer's bulletinafluctuation, b. Sticking control link ege. Cloen and lubricate with engine oil,
c. Speed signal control air pressure. Check system and supply.

%

19. Excessive venting and/or vapors a. Leeking starting air velves. Check velves. Repaar or replace.
from vent holes in each end of
eterting air header.

20. Low locket water pressure. e. Defective water pump. Check and receir.
b. Water pump elebound. Sleed air.

21. Low row water pressure. a. Defect 6ve water pump. Check and ropeer.
b. Air in system. Bleed air.
c. Dirty strainer. Cleen.

22. Low cornpression pressure, s. Worn p6ston rings. R eplace.
b. Surned velwes. Replace,
c. Velve tappets improperly adjusted. Adjvet vetwo clearence. or if equipped with

hydraulle volve lifters. edjust litters.

(Ad 23. Low fuel oil pressure. a. Olrty filters or stre6ners. Check and clean.
b. Relief velve stuck open. Proe and check.

{ c. Defecttwo booster pump Check and repair or replace,
d. Air leek in auct6cn line. R ep ast.

24. Encessive lubr6ceting oil e. Worn piston r6ngs or ilners. Check cieerences. Replace if clearance leconsumption.
encessive.

D. Leek en aump or pip 6ng. R ep e.r.
c. Lequering of liners Hone.

26. Loss of crankcase vacuum, s. Poulty monometer indications Check tub 6ng for Iceks or obstructiont
b. Def ectlwe blower motor. Repair or replace.
c. Defective pressure sensing switch. R eplac e.
d. Loose electrical connection. R epeer.
e. Air leek around cylinder head covert Check geeket condition and tightness of

cover.
f. Air leek at fuelline entrance to head Check grommet and fuelline gaskets,

sub covers.
g. Air leek past valve guides. Check clearancet
h. Piston blowing by. Check for stuck piston rings.)

Check for excessive piston ring wear.
n. Piugged vent line. Check and cieen line.

I1 Puming tubricating oit. Check for hot spots in erenkcese.
|

This heavy voper may be very emplosive
and the engine should be stopped
immediately. Allow to rest for 15 ,

minutes to allow fumes and vapors
to diesipate before removing any
engine covers.

h
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TROUSLE POesisLE CAUSE ACTION
26. No fuel pump dellwery, or a. Fuel tank empty, or volve in line closed. Aefill tank with fuel oli. Check if treneferinsufficient eethrery. pump delivers fuel to tenk. Open all

talves in fuel lines.
b. Fuel inlet pipe slogged or filter Cimon pipe. Cleon filter etement.

element dirty.

e. Air lock in pump. Vent pump and nossle.
d. Pump plunger remains swepended in Thoroughly steen all parts, porticularly

barrel. plunger and berrel. If either are damaged,
repleos both with operos.

e. Broken plunger apring. Replace with opers.
f. Delivery weNo not emeting properly. Cloen delivery velve and seat. If either

are damaged. replace with opero.
g. Delivery velve spring broken. Replace.
h. Lookege back to suction charnber from Cleon f aces. Remove burre end scratches

I surfaces between top of barrel end from delivery velve seat and barrel.
del 6very velve east.

1. Wern or defective plunger or barrel. Replace with opere.
J. Olrt causing purno plunger to jem. Diementle pump and steen.

g k. Control rect (s) seated with dirt. Cloen and lubricate.
l. Supply connection leeks. Install new geeket or replace connection

if demoged. *
g rn. Leekage poet spring guide seuesd by Replace defective perto with operes,

worn plunger, or improper emel of
barrel in aneln body,

n. Hgh pressure connection leeks. Install high pressure tube only on the
cylinder for which it was factory fitted.

y Repiece line if cone is demoped.

27. Injection nossle vesve sticking. e. Oirt in nossie. Remove and cieen nossle.
b. Poor lubr6ceting guelity of fuel ell. ' Anelise fuel 011 esmple. Change if teste

indic ete.
S. Nossle body and velve terroded, or Check fuel and filters. Reolece nossleeroded due to ;.cid, weter or dirt in body and velve with operes,

fuel oil.
d. Joint between nossto holder and Clean faces. Remove burre end scratchesnossie not tight. from nossie body and holder.~

) ( e. Nossie volve worn and tooes in nostle Replace nostle body and volve with spares.
body. Ch.ch fu.i .nd f elte,s.

f. Nossie valve stuck in sloemd position Remove end sleen possle.
or nossie orifices cloend.

3 Carbon deposite on nossie. Cloen nossie.
I

' Check fuel being used for conformance to
approved specificatient introduce

add 6tive in fuelif recommended.

I 2s. H.gh peek firing pressure. a. Overload condit6on. ReduceBoed.b. Early injection,
s. Melfunctioning possie.

2s. Low peek firing preneure. e. Lete ognition.

1
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( Section 8
Appendices

The purpose of this sectson of the manualis to provide a single location for data which. if located within the text of
the manual, would be more difficult to locate. As a general rule, specific values, such as pressures, clearances,
torques, etc., have been omitted from the text and, where appropriate, reference is made to the applicable
appendix.

The following appendices are provided in this section:

Conversion Factors and Other Useful InformationAppendix l

Appendix || Operating Pressures and Temperatures

Appendix ill Table of Clearances

Appendix IV Torque Values

Appendix V Timing Diagram

Appendix VI Lubricating Oil Recommendations

Appendix VII Alarms and Safety Shutdowns

O Appendix Vill Fuel Oil Recommendations
!

(
Appendix IX Torsional Stress and Cntical Speeds

Appendix X Factory Test Logs and Test Results

t

+

O
,

b1m
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Appendix i

1 Conversion Factors And Other Useful Information
|'
I'

The purpose of this appendix is to provide a ready reference for frequently used formulae, conversion factorsi

.

and other data.
i i

i FORMULAE
'

I

1

}
Brake Mean Effective Pressure (bmep)

< *
-

f bmep= LxAxN
I
J

I
)
! where
I Brake horsepower per cylinder
i

bhp =

j L = Stroke of piston in feet
Net piston area (sq in )' A =

Number of power strokes per cylinder per minute.

N =
j
a
j diameter x 3.1416a

Circumference of a Circlej [ Circumference x 0159155=
Radius of a Circle'

Radius' x 31416 ,=

i Area of a Circle I

i ;.

1

I

|

1

) i

,

1
,

'
.

!
i

!
i

$

}

1

i e

I
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Conversion Factors and Other Useful Information
j

,

Areas of Circles
(Diameters In inches, Area in Square Inches)

i

Diametas Area Diameters Aree Diameter Aree Diametws Atee_ Diameters Area _ !

| 1/2 1046.349 1

to 22

tit .01227 t/s tR3200 t/4 32.5141 1/2 2 7.000 3/4 1060.732
Ille .00307 3

1 3/16 .02Mt 11/16 10.6783 3/5 34.5400 3/4 40L464 37 1075.213

114 .04900 3/4 11.0447 t/2 06.5003 23 416.477 t/4 139.792

6116 .0M70 13/16 if.4198 S/5 5 8843 1/4 424 M S t/2 1104469f

I

1/8 .1104 7ts t1.7933 3/4 90.1628 1/2 433.737 3/4 1119.244

7116 .1603 16/16 12.1787 7/8 92.00W 3/4 441 015 35 1134.118'

1/2 .1M4 4 12. tem i1 96.0334 24 462.2 9 1/4 1149.089

: 9/16 .2485 1/3 11 3841 1/5 97.256 1/4 est.ged t/2 1too,t59
,

1 6/8 .3088 tid 14.tM3 t/4 30.4022 1/2 471.436 3/4 1979.327

19116 .3712 1/5 16.0330 WB 101.8234 3/4 481.107 30 11M.693

) 3/4 4418 112 16.9043 1/2 103 8e01 25 400.075 114 1209 96
!

'. 13/16 5185 6/8 14.0002 S/S 908.1394 1/4 900.742 1/2 122642

7/8 4013 3/4 17.7206 3/4 tW 4343 1/2 610.706 3/4 1240.98

l' 1btl6 .5 03 7/8 18 te66 7/8 110.7537 3/4 520.799 40 1266 64J

1 .7864 5 19.6349 12 113.0 5 26 63 929 114 1272.39
'

{ ilt6 .3306 1/8 30 6799 114 117.000 t/4 Mt.190 1/2 1798 25

t/8 .9040 1/4 f t.M76 1/2 122.719 1/2 961.W7 3/4 1304.20

3/t6 1.107S 3/8 22.0007 3/4 127.677 3/4 542.003 41 1320.25

t/4 1.2272 1/2 217983 13 132.733 27 572.667 1/4 1336.40

S/to 1. 3 30 54 24.0006 114 137.57 t/4 343.200 1/2 15286
,

1/8 1.4849 3/4 25.9673 1/2 143.1 N t/2 902369 3/4 130000

7/16 1.4230 7/8 27.196 3/4 148.400 3/4 004.007 42 1386.46

1/2 1.7671 6 282744 14 163.9 3 3 4tt.M4 t/4 1401.99

{ 9/16 1.917$ 1/8 N 4MS 1/4 ite.46S 1/4 436 780 t/2 1418 63

6/8 2.0739 1/4 M 4797 t/2 106 122 1/2 437.941 3/4 1436.37

11/16 2.2366 3/8 31.9199 3/4 170.074 3/4 640.182 43 1462.20

3/4 2.4063 1/2 311831 16 176.716 2e 800.621 t/4 1489.14

13/16 2.6002 6/8 34 4717 114 te2.ml 1/4 471.960 t/2 1406 17

7/8 2.7612 3/4 3L7048 t/2 15e02 1/2 33404 3/4 1903 30

i 16/16 2.9483 7/8 37.1224 3/4 194 BN 3/4 est.1M 44 1620 S3

2 11414 7 3 4046 to 201.082 30 708. 5 8 1/4 1637.88

t/to 23450 Itt 308713 1/4 307.3 6 t/4 718.000 t/2 tM6.29l

t/s 36466 114 41.2026 1/2 211828 t/2 7M618 3/4 1872.81'
,

) 3/t6 17643 3/8 42.7184 3/4 230.3M 3/4 742.M6 46 1990.43 I

j t/4 29761 1/2 44.1787 17 236.881 3t 7M.799 1/4 1908.16 ,

6/16 4.2000 t/S 46 46M 1/4 233.708 t/4 706992 1/2 1876.97

1/8 4 4301 3/4 47.1731 1/2 240.SN 1/2 779.313 3/4 1M189

! 7/16 40064 7/8 48.7071 3/4 247.447 3/4 791.732 48 iMt.91I

1/2 4 9007 8 90.2e64 18 2 4.489 32 004.247 t/4 150.02

9/16 k1672 t/S St.8407 1/4 381.607 tie 316.806 t/2 1400.23)

6/8 6.4119 t/4 S34643 1/2 200003 1/2 029.679 3/4 1716.64| ,

' 11/16 S.4727 3/8 M.0884 3/4 276.117 3/4 e42.381 47 1734 96;

|
3/4 19336 t/2 M.7461 19 353 SM 33 366.301 1/4 1763 46'

13/16 42126 S/S 98.4204 t/4 201.040 tid 384.300 1/2 t??2 06

; 7/8 44018 3/4 80.1322 1/2 235.648 1/2 5 1.416 3/4 1790.76

. 16/t6 47779 7/8 41.M26 3/4 30s. 2 6 3/4 M4 518 45 tace u

3 7.Gese t 9 414174 20 314.169 34 307.922 1/4 te2s 46

t/t4 7.3042' l/B 053000 114 322 0$3 t/4 921.3 3 1/2 1M7.44|

t/8 7.4699 114 87.2005 1/2 330 064 t/2 934.822 3/4 1966. %

3/t6 7.9798 3/8 N 0293 3/4 33.lM 3/4 948.418 4e 1986.75 i

t/4 3 2364 112 70.8823 21 346.381 3 332.116 1/4 1906.04 |

S/18 88179 6/8 72.M99 1/4 384 857 t/4 975.90s 1/2 1924 43 i

I SIS 8.9462 3/4 74.8821 1/2 353 061 1/2 3 0.798 3/4 194191 i

7/16 9.200s 7/E 78.9888 3/4 371.M3 3/4 1003 788 60 1963 49 l

1/2 96211 10 70 6335 22 3 0.134 35 1017.079 t/4 1853 18 '

l 9/16 9 9678 t/W 80 6164 1/4 38822 1/4 1032 006 t/2 2002 97 |I

3/4 2022.86

'. (

:

I
.

l
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{ Conversion Factors and Other Useful Information (contd)

Temperature Conversion Chart
.

Is01E. Tim swiese sahema el sneseers a henseems se4mrs is ise esensesewe in chyees e.eews Cmespesh er iansese. t. usum se es abwed as
earmeet sees one ashes tr.As if sesmertete trarn f.fuenhset to Cangaymer doyees too oesmaenne tonigergewe udt to toiseed as the left saW
enhde of sesmertees base abeyeen Caseyear es doyeen Fafweedes e she,amenos wel he Gesad m the ashe in en she sapitss

_

c-=y as e.n c .e. e. hse c ems r.hs c ,ses e.ses.mo.

27317 -est 26 4 6 23 0 f t.1 62 126 6 M4 130 2es

fee ee 17 0 e 32 0 ll ? 63 127 4 57.2 15 275

M2 440 12 3 M IM2 00 0 140 204

267 -430 172 1 33 0 12 8 96 131 O et t SM M3
264 -4Je t&7 2 3E6 43 3 M 132 8 E6 See 22
244 -410 14 1 3 37 4 08 3 104 311

240 -400 .th$ 4 22 139 67 IMS 79 1 tes 320

2 34 20 160 t ' 49 0 le d to 13m 4

14 4 8 42 0 16 0 to 1312 73 9 tot 329

229 30 139 7 44 8 96 4 Se 140 0 MP 1M 3M

223 3M 133 0 46 4 14 9 81 148 8 M4 175 347

fes 3ee 14 7 42 telt 82 2 tes 366

292 34 12 8 9 48 2 17 2 63 1444 840 SEE 26
-207 3ee 12 2 H 94 0 17 8 64 1472 018 tot 374

201 -330 19 7 11 50 8 SES 986 383

IM 20e 11 t 12 63 6 183 e6 140 0 933 See 382

190 -a te 10 6 13 M4 18 9 to 190 0 96 8 aos 401

50 0 14 67 2 19 4 67 162 4 989 fle 410

104 3ee 94 16 to 0 20 0 08 164 4 900 0 212 ele

3 79 fee 49 M 880 20 6 M 196 2 102 Pit 419

173 -ame 21 1 70 194 0 104 2M 429

969 273 444 4 83 17 S24 21 7 ft 198 8 107 Est 437

164 2M 464 78 to 04 4 22 2 22 141.4 110 am ese

162 3e0 4M 72 19 GE 2 113 22 4%
Inf 34 418 47 3e 88 0 22 8 73 M14 tit See 464

llt 240 400 49 21 MO 213 74 1642
l4 22 Pl4 23 9 75 197 0 189 345 473i

(
146 230 382 60 23 73 4 N4 76 let t 121 300 482

940 220 364 44 24 PE 2 FS O 27 170 8 124 M4 est
13% 210 344 24 6 79 172 4 127 300 000
129 300 320 -19 M 77 0 M1 79 174 2 120 306 tot

123 .tes 310 13 as fit M7 Se 174 0 1 32 F70 610
tte .tes 202 20 27 OE4 in FPS 627

112 .tM 274 22 20 82 4 27 2 et 177 8 130 age &38 ,

'

107 let 294 -t 7 30 M2 27 0 82 979 0 let att MS
tt as OS O 24 3 83 199 4 143 age Me

101 .Me 234 46 31 070 MS M telt 148 385 M3
M tee 220 00 32 te s 20 4 M 186 0 14e me 672

90 130 202 30 0 e4 198 0 IM 310 600
84 13e tM 06 33 98 4 3ts 97 tete 100 300 000
79 510 .tM It 34 93 2 31.9 es 1904 106 Sie SM
73 3 100 144 0 27 36 MO 171 See 844
470 -se 430 0 22 30 MG 11 7 SG 192 2 177 30 M2
422 -80 192 0 28 37 OS S 32 2 Se 194 0

33 30 100 4 32 0 91 IMO 102 30 Geo

69 4 75 103 0 19 m 902 2 33 3 92 197 6 tes 370 ett

M7 7e 94 0 44 40 104 0 339 93 198 4 193 See 714

63 9 44 05 0 34 4 94 Nt2 19e 20 734

10 44 tra A MO M 2010 300 ese 75260 l 4e
76, 0 . m. M M.0 .10 m07.

m.
0 . M3 M

. ft =. . . ..e MO &1 M
42 . .M 0 .7 iii 2 =t .7 .. ni Me -
40 0 40 4E0 7.2 M t110 36 ? Se 308 4

70 48 194 0 37.2 90 210 2 227 440 874

373 2 31 0 43 47 196 4 37 8 tee 212 0 232 ee M2
.M. .. .n 0 .. M ii 4 0. . ni 2. Me .0
3i , .. .i30 u3 11. 2. m 4,. 07.

i
.M9 .. 40 .4 M m2 .6 i it. 2. 248 MO .- ,

. 24 M4 Me .t.at .. .0 .00 M In D ., m n, .00 Sn ,n3 . t. 94 0 10 . .I me ..
!n'. . .,::: ; es--- 0 w. . p . . q,e, e...se.e,.p..,..p.,,,,

V ' - - " " - -
0 e. . es. 8. ,37 . o. es.... 0,,

w
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Conversion Factors and Other Useful Information (cont'd)
4

( Altitude mnd Atmospheric Pressures
;

! Attitude Abare See Level Temperseure** Serometer* Atmospheric Promure

"" WM
Feet Mises Meters' 'F 8C Ps:A

H6 Abt HS Abt em Abs
_ _..._' _

6000 .t&M 77 25 3 58 9017 17.4 f.229

4600 9373 76 24 X OO 830.0 17.19 1.209

40uo .f220 73 23 34.42 874.3 16.90 1.tes

3600 . tem 79 22 3184 me.5 1&S2 1.tes

-3000 916 70 21 3127 846.t 94 34 4.148

2500 .M3 as 20 32.70 8 30.5 t&Os 1.129

2000 480 as 99 32.14 St&4 16.M l.10e

1600 des 64 le 31.te W2.1 18 51 1.039

1000 3D6 43 17 39.02 M7.9 15.23 1.071

900 353 et 96 M47 7719 14.95 1.067

0 0 39 76 39 92 MOO 14.3 6 1.0333

600 363 57 14 R3 74& 3 14.43 1.015

1000 36 36 13 EM 7310 1&te .366

1900 es to 32 R 33 7tts t191 ,979

2000 810 52 11 27A2 78&G tags .300

2500 763 to to 27.32 esat 1141 .943

3000 915 4 9 3&S2 51.2 1117 .926

3600 toes 47 8 3E33 W8 12.93 .900

4000 1230 4 7 35 84 S&3 12.53 .992

4600 1373 43 6 3.37 044.4 12.46 .5 76

6000 0.96 16M 41 & 24 90 632.6 12.23 .300

0000 1.1 1838 3 3 2190 em.3 11.M 3 20

7000 f.3 2035 3e 1 2110 908.7 11.34 797

0000 9.5 2441 31 1 22.23 384.8 10.91 .M7

90GJ 1.7 2746 27 3 21.3 6413 10.60 7J8

10.000 1.9 3060 23 4 2&Se 522.7 t&to ,780

16 000 28 4677 4 14 1&SS 420.0 E29 .543

20 000 38 4102 12 24 11M 380.5 EM 475

25000 4. 7 PEM 30 34 11.12 324 6.46 .34e

30.000 E7 9153 45 .44 S.903 224.1 4.37 .307

3S.000 SS 10.679 48 7.ceo 179.3 1 47 .244

40 000 7.6 12.204 70 47 Ette 141.2 2.73 192

45.000 et 13.730 70 47 4 375 tit.t 2.16 161

60 000 95 16.265 70 57 1 444 87.5 1.5 119

th.000 144 16.701 70 47 2.712 W.9 1.33 .0036

60.uu0 19 4 13.306 70 87 1135 64.2 1.05 .0735

70,000 113 29.357 47 46 f.325 317 At .0458
I

80 000 16 2 24.4us 42 42 t&27Y 21.0 406 .02e5
4

90 0u0 17.1 27.469 47 4e 6.200 132 .366 .0179

100.0u0 18 9 30.610 41 .48 1 290'I a3 102 .0114

120.000 22.8 3.312 26 48 f.3tt'I
1 46, 1

140.000 26 8 42.714 4 .to S9472 g ,g

460.000 30 4 4.816 38 2 17482 ,g gy
2 33,4

180.000 34.2 64.918 19 7 f.254
3

200 000 37 9 St,030 3 19 S S46 1.48

6 41'f
3

220.000 49.7 67,122 .44 42 2.52Y

2- . w ,4 . . 9 1s
260,000 de 3 73,3M 129 .g0 1 61 E92*3

2MO,010 $31 gb.4M 13 93 1.14 147
1 737'I 9 49"4

3Ma.000 to t 99,630 127 m
I 1.00'I

400.000 7&S 122.040 E7
I '

600.000 94 e i62.960 1.4'4 130'4
000.000 114 181030 n.9 1.50

4 4.Os'I
800 000 152 244.0e0 1.e

s. t * 1.30'I
1.000.000 109 ans.100 4

2 0''M S.5
1.200 000 220 2ns,t30 4
1.400 000 ans 427,140 &Y 3.084

as M as,s9.600.000 ans es,teo 9
t.s.10 4 7'1.800 000 342 649.1e0 II

2.000 000 379 410,200 &Y EM

Data from N ASA Standard Atmosphere H982).
'Temperstare end ber0 meter are approsimete for nogethre altitadet

"Temperstares are overese en toting et 40 lettsade and are rounded to even numbers,8

tNe9 steve esponent shows number of spaces the decimal point Invet he moved to the left.

8-2-Coo si
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Conversion Factors and Other Useful information (cont'd) l

Conversion Factors
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( Conversion Factors and Other Useful Information (cont'd)

Conversion Factors (cont'd)
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(. Conversion Table
m w.e . w meme = = .

1/64 0 015625 0 3969 33/64 0 515625 13 0969

1/32 0 031250 0 7936 17/32 0 531250 134938

3/64 0 0467875 1.1906 35/64 0 546875 138906 '

1/10 0 062500 1.5875 9/16 0 562500 14 2875
i

5/64 0 078125 1 9844 37/64 0 578125 14 6844

8 3/32 0 093750 2 3812 19/32 0 593750 15 0812

7/64 0 109375 2,7781 39/64 0 609375 15 4781

1/8 0 125000 31750 5/8 0 625000 15 8750

1 41/64 0 640625 16 2719

9/64 0 140625 35719 21/32 0 656250 16 6688

5/32 0156250 3 9688 43/64 0 671875 17 0656
I

11/64 0 171875 4 3656 11/16 0 681500 17 4625

3/16 0187500 4 7625
45/64 0703125 17 8594

13/64 0 203125 51594 23/32 0 718750 18 2562'

7/32 0 218750 55562 47/64 0 734375 18 6531

15/64 0 234375 59531 3/4 0 750000 19 0500

1/4 0 250000 63500
49/64 0 765625 19 44690 17/64 0 265625 6 7469 25/32 0 781250 19 8437

I ( 9/32 0201250 7.1438 51/64 0 196875 20 2406

19/64 0296875 7 5406 13/16 0 812500 20 6375

5/16 0 312500 79375
53/64 0 828125 21 0344'

21/64 0 328125 83344 27/32 0 843750 21 4312

11/32 0 343750 8 7312 55/64 0 859375 21 8281

23/64 0 359375 91281 1/8 0 875000 22 2250'

3/8 0 375000 9 5250

25/64 0 390625 99219 57/64 0 890625 22 6219

13/32 0 406250 10 3188 29/32 0 906250 23 0188

27/64 0 421875 10 7156 59/64 0 921875 23 4156

7/16 0 437500 11 1125 15/10 0 937500 238125

29/64 0 453125 11 5094 61/64 0 953125 24 2094

15/32 0 468750 11 9062 31/32 0 968750 24 6062

31/64 0 404375 12 3031 63/64 0 984375 250031

1/2 0 500000 12 7000 1 1 000000 25 4000
'
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APPENO4X 11

OPERATING PRESSURES AND TEMPERATURES

PMassumas
The follo*Ing pressures should be present for starting'

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 7 6 k g / sq cm250 psi 17 6 kg/sq cmStartmg Air Suppfy 250 psi ......................................
Startmg Air Header

,
While runnmg at rated speed, the operalmg pressures should be at follows

pel in..hg kg/sq cm

352 - 3071018 - 1120 ..........$0 - 65 .......... 141 - 1.76i Lubricating Oil' 40 7 - 60 g ..........

Lubncating Oil at Turbocharger inlet 20 - 25 070 - 211..........
20 4 - 61.1 ..........10 - 30 .......... 141 - 211Jacket Watet 20 - 30 40 7 - 61.1 ..........

..........
Fuel 0:1'

,

TEMPERATURES
While running under rated load, the outlet temperaturet should be as foHows'

o 170' F - 180' F (76 6' C - 82 2' C)
,

Lubricating Oil out of Engmo'
170' F - 1808 F (76 6' C - 82 2' C)g

I Jacket Water out of Engina

i
EXHAUST TEMPERATunts.
The enhaust temperaturet shown on the '' Factory Test Hesults" page are the average for all cylinders dormg

f actory test under local ambient condiftons Temperatures in the field, therefore, may enceed this averagetemperature Enhaust temperatures may be considered normal of withm plus or minut 50* F of the average
,

taken for all cylmdera Temperatures, htgh or low, esceedmg this tange should be 6nvestigated (see Section 1)

FIMING PRitsWMit.
Firmg pressu es may be considered normal d withm plut of minut 16 ptl 0f the average for allcylmdurs Highr

or low pressures escoedmg this range should be investigated (see Section 7),

NOTES.

Operat ng p'essures and temperatures listed are established as a guide to proper operation Encept as notedfor enhaust temperatures and firing pressures, they should be held to within plus or minus 10 percent Sudden
changes in f eedings require 6mmediate lhvost'gation and correction
When makmg saluttments as a result of a high or low cytmder enhaust temperature, or firmg pressure. both
temperature and pressure readmge must be taken into account when determinmg the propet corrective
action

'When uling SAE 40 lubricatmg oif in engine
\d

.

g,3
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GEAR SET AND SACKLASH CLEARANCES
MODEL RV ENGINE

b B' C
3

'

1 1
- s

/-'u| 8 g R
, ' ,_ - , 'N #,/ sg

\
# \,

i
s' \ I :

/ g' il n

n,'As ( ,,//|,| \4 ' t
,'

I t,
, . .n > > .:==, s' //.

s, -- *s /
A ', ., ,

' s%

NN / gg
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,; s I r. M,'s |y @
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'q.i ,
'

s\ g/ )%
,
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|

~
.. ,

@
@ 9 w ,. 9..I

- .. ' 7
5

8

C
8

. SACKLAsn

OPL POS INCHES CENilWEftMS
b OtScmiPfl0N

titu

360 A 0 008 - 0 010 0 020 - 0 025

t CAW 9 HAFT OtAR.LtFT HANO 365 8 0 004 - 0 006 0 010 - 0 016

{ t0ttM Of AM. LEFT MANDi 350 C 0 006 - 0 004 0 013 - 0 026

3 CAMSHAFT Of AM. Mt0Hf HAND,
3SS-

4 IDLtR OfAM.RiOHf HAND
,$ 310

& CRANW.SHAf f Qt AM
36S

LutmeCAfING Ott PUWP 08Wyt Of AM4
! LutR(,AfiNG Oil PUWP 08tytN Of AM

420

O3
,

7
4it

00vtRNOM & T ACHOWt fiM Oftvt GE AM) 0 4it
00vtRNOR Dmivt4 AND OnivtN of Am9 410!'
FutL Oil PUWP & OvtR9'ItD TRIP DMlvt Gt Am

I 50 all
JACatf WAf tR PUMP Dnivt Gt AMti

i

_ _ _ _ _ . _ - - - - _ - _ - - _ - _ _ _ _ _ _ _ - - - _ _ _ _ . _ _ _ - - _ _ _ _ _ _ _ _ _ _ - - - - - _ - _ _ _ _ _



.

4
. . . _ . _ . . . . . . _ . ...

.

_ _ , . .
.-

I
I

e4s
instruction Manual

~

(. APPENDlX lil-2
VALVE SPRINGS

Port Number: 03 360-02-OM
. . . . . . . . . . . . . . . R ight hand

. . . . . . . . . . . . . .Direction of coils 10

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Active coils 12. . .................. . . . . . . . . . .Total coils 163.5 lbs/in.. ................... . . . . . . . . . .Load Rate
. . . . . . . . . . . . . . . , . . .

281/310 lbs.
Load at maximum working length 475/525 lbs.

. . .

. . . . . . . . . . . . . . . . . . . . , . .
Load at minimum working length . 9.060 in.*

. . . . . . . . . . . .
, . . . . . . . . . . . . . . .

Free length 7.250 in.
. . . . . . . . . . . . . . . . . . . . . . .

Maximum working length 6.000 in.
. . . . . . . . . . . . . . . . . . . . . . . . .Minimum working length 4.872 in.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .Sold length (ref.)
. . . . . . . . . . . . . . . . . . . 2 15/32 in.

|. . , , , . . . . .Inside diameter 39/32 in.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .Outside diameter 0.409/0.403 in.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I ' Wire diameter

.

P
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APPENDlX IV

TORQUE TABLES
Model RV-4 Engine

The hrst portion of this torque table Special Torque Values, applies to those nuts, bolts, capscrews and other
threaded f asteners for which a specific torque value has been assigned. If no specific torque value is hsted for a
f astener, refer to the General Torque Va'ues portion of the table, using the torque hsted 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 apphcable, 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 steel) ............................. 3000' 415.....

NUT. Main Bearing Cap Stud (1 %") . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3000** 415.....

NOT. Base to Crankcase Thru Bolt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8000 .... 1106

CAPSCREW. Crankcase to Base (1") . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425 58 8.....

NUT Cylinder Block to Crankcase Thru Bolt (2W") . . . . . . . . . . . . . . . . . . . . . 4500 622.....

[,} NUT. Cylinder Block to Crankcase Thru Bolt (2") 3000 425....................... .....

b NUT. Connecting Rod Bolt (1%") .................................... 1700 235. .....

I | NUT. Connecting Rod Bolt (1 h") . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2600 359 5.....

BOLT. Link Connecting Rod to Link Pin (1 %") . . . . . . . . . . . . . . . . . . . . . . . . . . 1050 145 2.....

NUT, Cylinder Head Stud (2 8NC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3600* * 497.7.....

NUT. Fuel injection Nozzle Retainer Minimum 75"* 10 37......................... .....

Maximum 80 11.....

-| N UT, Fu el P um p St ud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 11.....

C APSCREW, Fuel Pump Base ( Allen) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 16 6.....

CAPSCREW, Carnshaft Bearing Cap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 27.6.....

CAPSCREW, idler Gear Mount Bracket 120 16 6................................ .....

NUT, Flywheel Bolt .................................... 4500 622.3... . . ... . . .. . .....

NUT, Crankshaft Counter Weight (13" Crankpin) 2450 338 7........................ .....

C A PSC R EW Roc k er Shaft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365 50 5.....

l CnPSCREW, Sub Cover to Cyknder Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 16 6.....

Camshaf t G ear Retainer Nut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1800 248 9.....

CAPSCREW, Air Start Valve to Cyknder Head . . . . . . . . . . . . . . . . . . . . . . . . . . . 150"' 20.74.....

* Heat treated bolts are identified by the figure "4" stamped on end of bolt. ,

"Not opphcable if pre. stressing method is used
"*Retorque this item every 8 hours of operation after instalkng new copper tjaskets until no change in tight

torque is observed.

O)\
v

/\ rt .
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GENERAL TOROUE VALUES
The torque values given on the preceding page are for specific applications and are to be used. The following torque
values are for general application where no specific values are given.

Bolt Sise ai .Tsuaia

No. Threads ifidit) lha21
12 1.663/8-16 ............ ...

. . . .
15 2.083/8-24 ............ ...

. . . .
30 4.151/2-13 ............ ...

. . . .
36 4.741/2-20 .... . . . ............
80 8.295/8-11 ............ ...

. . . .
70 9.685/8-18 ............ ...

. . . .

100 . . 13.833/4-10 ............. . . .
115 16.903/4-16 . . .. . . . ............
ISO 22.137/8-9 . . .. . . . ............
ISO 24.897/8-14 .. .. . . . ............
245 31781-8 . . .. . . . ............
200 40.111-14 . .. . . . ............
336 46.3311/8-7 .. .. . . . ............
366 48.00

J 11/8-8 ............. .. .. . .

386 54.531 1/8-12 ............. . . .. . .

400 86.3811/4-7 ............. .. .. . .

600 88.1511/4-8 ............. . . .. . .i
[ 560 76.071 1/4-12 ............. . . .. . .

620 86.7513/8-6 ............. .. .. . .

800 94.0413/8-8 ............. . . .. . .

745 . 103.031 3/8-12 ............. . .. . .

736 . 101.6511/2-6 .............' . .. . .

800 . 110.641 11/2-8 ............. . .. . .

865 . 119.631 1/2-12 ............. . .. . .

i

I'

r

I

(

- N---- __________ _._____________.____M _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ .-
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( Appendix V
Timing Diagram

ENGINE MODEL: R/RV
STATIONARYENGINE TYPE:
DIESELFUEL:
CLOCKWISEROTATION:
02-350-04-0TINTAKE CAM:

EXH AUST CAM: 02-350-06-AH

TDC
set

m

6'

4
lo ~ 20'

__

-

))'.... ...u
t...

!

k
%

Sl* %

BDC

|

TOC TOP Of AD CENTt84
8DC 907 TOM DE AD CtNTIM

'

to INT ARE V ALVE Of tNS
l INT AKC V ALVE CLOtt S NOf f t. 1. Degrem le in erentiheff deg,,ee

O e

to EMHAulf VALVE OPENS 2. See engine dois sheet en front of menuet.

te tNHAUST V ALVE CLO$t S 8' ''9"e menweises for finne order
'",',[* "Qute for cylimfee e4Ao Am St AnfiNG V ALVE OPENS 3

,,
' Ae AIM StAMf fNO VALVE CLOSIS 4 See engine dote sheet for diewt fuel

6nsetten poent.

g,}
- us
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APPENDlX VI

LUBRICATING OIL RECOMMENDATIONS

|

The Transemetice Delevel Engine and Compressor Division does not recommend lubelcans by brand name. The final,l l

measure of the quality of en eslls la performece in service. The lubricent supplier must work with the fuel oi supp eetk heavy duty oil muet, j

to insure the uee of the proper lubricent. The conslesent quality ed performenee of a suleek
therefore, be the feeponarbility of the compey mehIng ehe k6tical.

_ _ .

UM
lt must be the concern of the operator to sonsult with the oil supplier concerning the proper
selection of a lubrioent whidi will perform compatibly with the type of fuel to be used in
order to insure the most setlefactory performance and life with overall economical operation,
in the case of unresolved ovestions, the Trenumeties Delevel Engine and Compressor Division
should be consulted.

To determine the condemning limits for o61 In servloe, have the oil supplier tehe reprewntative sempfes et regular
intervals for oil entlysis. His recommendetions, then, for either further service of for condemnation will be based on
qualitative f actors. The following spelwe to new oil only.

RECOMMENDED LUSMICATING OIL CHAMACTERf874C8
(

SAE QM ADE 40 OIL

Me Imum %nimum

70-

V6scosity Inden (ASTM D667) 30 20
Otav6ty, A.P.I. et 60'F (25 6*Cl IASTM D267) 426(218 C)0

-

Finh Point 'F (ASTM 0921 10 ($ 6' C)-

Pout Point'F (ASTM 0911 below toldest
oiliterting
tempetstu er

OlL MECOMMtNDAfl0NS

DIESEL EN0lNES (Using fuel 061 with leis then f.06% sulfurl:

Engines reted 206 bmep and below - APl/SAE Cloulticat6cn "CC" of twtter.2
-

I
Engirws ested 't06 bmeo end above - APl/SAE Claulfication "CD" or lattet.

,

-
n

^^ ^-'~~---_m. _ _ _ _ _ _ _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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( APPENDIX Vil

ALARMS AND SAFETY SHUTDOWNS

ill
The folkiwing conditions are monitored by the systems protective network. Those items klentified as shutchtwns wi rked *

stop the unit and open the generstors cecult beeener in the EXEllCISE or TESTING state only. Those tems me
8

will stop the unit eveft if tunning in respones to a LOCA swinel.

.

At ARed leettia91 SHUTD0vvN (lett.aal
f UNCTION __ _728 F'

I
__ _ ,, 91 __. 200 FH'9_ temperature,8estings _ _h 190

H_igh Temperature Jocketwater, 190" F _'
! _

!
_

f 2 I'mp*raturg LubricatingO! _ 140"fh
Low Temperature Lutriceting_Oel- IN_ 140" F

_

_ Low Temperature Lutnicetmg Oil- OUT 175$f
32 .Itmjwroturitubr!ceti"2 O!1- IN 190'_F

, ,

h

lish_T!mpt sture.Lu br icat!pg 011 ._QUT _140'J
.

I _ Low Temperstu_rfje htt Wett! _JN
. _ . .

._.140" F - _ _

..

S _ Low _Ifmmf atyrtJochemetti _0ut

_. _ 190"_f
_ 14*1

.!!2 .Tempef stufe JocheLWateWN(g) $ 5

| K__j j._ttah_lemperatuttJe<6 tmetet - 0VT
<

I I y
--

__

|
-

- __

| _

---

_

. - . _ _ _
- .

. _ - -

| .3 s0 pilt __3 ptef

f
)J9h P''**u'tcrankcate_ -_,_

___

___ 2000f_ __ _
10 pof

_Lett DenATutinheerr Oil Prenute Low . _20 90f __ -_

.,_.,_.10 ptit
_ 10 001

J2ht Denklvrtaherre Oil Prepute Low . _16 pe69
Low Pt_etture Jacket Water __40 ptif __30 00 f

_ Low Pressure,Lutnicating Oil _
_

_20 ptit_g Low Preuute Fuel Oil _60 ps6f.)
, Control Ale Propure Low

____

( Jert,ing A__it Pressure _ tow
__ ,, ,j 50 ptif _

$
___

70 psif
Jgh Ditterentist Frenure - F.O. F 61ter _ 20 pilty g

Hift 06tforentief Pressure - F.O. Strainerg h 3 gh7 Nferenteel7tetture - Moottet Pump str.
20 psir ~~g

3.gh bitteriniistrenare - L.0T hitor~
__20 pit __ - _ _ . _.tu _

__ _

6 g
__

20piit_ __ _ _ _ ___
3,5n;##e,entiere,e.su,e-Lort,,,ese,

_

_ __
- _

g --

_ . _ .y
- --t;

__

$ 4. :- --

_-
-_

---

__

._, _ _ .
~

-

_

_ _ - -

--
-

- _ _ . _ _ _ _.
- . _ . _ _

--
_. _

g
.a___

-- -_ _
-..

hm_

30osav tsoeinsoie
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APPENOlX Vil (Continus4
, ,

puescTeces ALAans lessegt swufgeuses lessemel

_V_olter Mogulaten_ Svetem Trouble
Any Control Switati Not in AUTO

Jelf10AOft}gt _Ensamed
Fuel _pev_Tenk Level JWLow

J_uel Tren_t e Pump _tfo. 2 Munninah
._9_enweLotf_M9tgel Emitt!0s
.Fuei storeylenk Level ILoey) _Lgw _

i

Fuel Storey Tank Level 11 Dev) Low

FwId Flash 12t_VOC PowerLow
_

Anerator katorlemperature _,,,ti.gh

_Ach.!LWe'3LBW!dP_3PLL*l __ Low
_DieteL0tivret9' _8edwit to_ Star.L_
JvtLbMlDitt10ettDrite 13t!vre

| J eterney_Mert$snel . Meind
*

e Jitt!LGe_ne.rpt9e Differentiel3* lev Jt6p Trip
'

3
Jh*Ineved_1til%.shortJetetspeedi __51LI N M 517.5 RPM'

308 0t3)lpf#tl0n Agggglye Engggive6*

i

,
's
<E
-

!
=

'41e

o
__

O
,

1

C Dv C Ji m eos 3 8A
_ _ _ _ _ _ _ _ _ _ _ _ - .
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I Fuel Oil Speelfications

!
Maximum Minimum

Viscosity, S S.U. at 100' F 45 32

38 26
| ' Gravity, Dog A P.I.

1.05 -

Sulphur, %

Sulphur, Corrosion Test (Copper Strip,3 hrs. at 212' F) Pass Pass

Contadson Carbon, % 0.20 -

0.10 -Ash,%
Water & Sediment, % 0.50 -

Flash Point. * F (P.M.C C.)
150 orlegal

Pour Point, at least 10' F below coldest fuel oil temperature

DISTILLATION, * F

90% Point 675

IGNITION QUALITY
40Cetane Number

' Heat Value - determine from A.P.l. gravity limits shown to determine total or net Blu/lb or gallon
I

The above specification covers fuel oils classed as Grade F.S No 2.

Fuels heavier than the above can be burned in Enterprise engines provided proper treating and pre heating
;

f acilities are available in the event it is desirable to use such fuels. Transamerica Delaval Engine and

| Compressor Divis on should be consulted for advice as to the arrangements that need to be mado An analysis

I of the particular fuel to be used must be provided.

f For lubricating oil recommendations, refer to Appendix vl.

|

!
,

.

4

I v
l

|
,

|
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( Appendix IX
,

Torsional Stress and Critical Speeds
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k. Appendix X

Factory Test Logs

!
Copees of the Power Engine Factory Test Logs and a sumrqary of the tests are providedin this appendix to assist
ope;ating personnel in ber oming familiar with the oporating characteristics of the engine (s). The data included

,

is that rocorded during the actual f actory test of the e.1gine For ready reference, a summary of the factory test
results ir also provided it should be noted that 1bs exhaust temperatures are those recorded at the factory,
under local ambient cotidetions. Temperatures expo <ier cod by the owner / operator, therefore, may exceed this

i

J average temperature
1

2

*

;

J
4

1

1

|0,
,

I

;
i

1

I

i

6

.
" V

l s

g.j j
- - - - - _ . _ rn _ _ , __ _ _ _ .



*
;.

-

-

__ _ _ _

ke

8-11 A
p |nStruction Manual

V
( FACTORY TEST RESULTS.

Below is a summary of the results of the factory tests to which the engine (s) was/were subsected Exhaust
temperatures are the average for all cyhnders under LOCAL AMSIENT CONDITIONS. Temperatures in the
field, therefore, may exceed this average temperature. Refer to the Factory Test Lo9s that follow for a more
complete detail of the factory tests

'.c, . ^%"".Jf* f@M ** = * C*ine. 1 /'.?Jr...,

29 82 IN.-HG 74*F 974*F
75051-2814 51.0 IN.-HG ---

75052-2815 49.5 IN.-HG 133*F 29 83 IN.-HG 71*F 973*F

75053-2836 48.0 IN.-HG 125'F 29.75 IN.-HG 75'F 982*F

75054-2817 49 4 IN.-HG 129'F 29.85 IN.-HG 62*F 958'F

O
O
I

I

O

8-11 Aosav-75051/75054
_ _ _ _ ___ _ _ _ _ _ __ _ ___ _ _ _ _ __- _____ ________ ______ -__ - - _ _-_ _ _-_ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _
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SECTION 9
DRAWINGS

The drawings listed below apply to this installation, and are intended to assist in the installation operation,
overhaul and repair of the engine. In addition, the pages in the front part of this section containinformation toassist in the use Of the drawings as well as other information of a general nature intended to provide ready
reference data to the user.

Dwg No Ry. Tetle

INSTALLATION DRAWINGGR-3951 FOUNDATION DRAWINGDR-3952
00-500-75051 F CONTROL PANEL INSTALLATION

09-500-75051 L CONTROL PANEL SCHEMATIC (10 SHEETS)
SKID ELECTRICAL SCHEMATIC

09-688-75051 E ENGINE &
ENGINE PNEUMATIC SCHEMATIC SCHEMATIC09-695-75051 D

INTAKE & CRANKCASE PIPING09-805-75051 B EXHAUST,
JACKET WATER PIPING SCHEMATIC09-810-75051 EO 09-820-75051 E LUBE OIL PIPING SCHEMATIC
FUEL OIL PIPING SCHEMATICv 09-827-75051 D
STARTING AIR PIPING SCHEMATIC

I 09-835-75051 D

61-560-6147 E PNEUMATIC LOGIC BOARD ASSEMBLY
INTERCONNECT DIAGRAM52433
ELECTRICAL INTERCONNECT DIAGRAM

-

A52434

bG

4/83
A'V M-52OOOM 7005 4 g.1
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N
( Piping Connection Numbers

All enene and related availiary equipment connectione are identified by a standard series of numbers applicable to all
series of onenes. These numbers are used on att equipment and installation deasymy for the identification of entemal
connections. FUEL Ott AND GAS CONNECTIONS
[ lim LUBE OIL CONNECTIONS IIjM,

106 - Emerpncy Fuel Oil - inlet
104 - Lube Oil Preneure Pump Suction 107 - Fuel Oil Suction Engine
105 - Lube Oil Scaveny Pump Dischery 122.. Fuel Oil Drain114 - Four way Valve to Lube Oil Cooier 134 - Fuel Oil Suction Transfer115 - Four.Way Valve from Lube Oil Cooler 135 - Fuel Oil Discharp Transfer
123 - Emeryncy Lube Oil inlet 148 - Fuel Oil Header Inlet124 - Lube Oil Sump Outlet 149 - Emerpacy Fuel Oil Outlet
125 - Lube Oil to Carifer 153 - Heavy Fuel Oil inlet
128 - Emeryncy tube Oil Outlet 157 - Fuel Oil Pressure Pump Discharge
152 - Line to Relief Valve - Lube Oil 162 - Fuel Oil inlet - Settimg Tank to Filter
155 - Lube Oil intet 178 - Gas inlet167 - Lube Oil Preneurs Pump Outlet 181 - Fuel Oil Return
168 - Lube Oil Strainer inlet 183 - Heavy Oil Bypass Outlet
182 - Lube Oil Regulating Valve Outlet 197 - Vent, Gak Shut Of f Valve
18C - Lube Oil from Clanfer 199 - Fuel Oil Bypass Outlet
190 - Lube Oil Pump Safety Valve Outlet 229 - Relief Valve Discharp - Gas
191 - Lutw Oil Scaveny Pump Inlet 139 - Fuel injecei,on Line Shroud - Drain
193 - Lube Oil Retwf Valve Return 244 - Fuel Oil Pressure Pump Inlet
198 - LO. Sump Tank Vent Connection 284 - Fuel Oil Centrifuge Sludge Outlet
200 - L.O. Promure Control Connection 285 - Diesel Oil Centrifuy Studge Outlet
208 - Pro Lube Pump Suction Conn. - Compressor 286 - Fuel Oil Centrifup Outlet
209 - Pro Lube Pump Discharp Conn. - Compresor 287 - Diesel Oil Centrifuge Outlet
210 - Compressor LO. Regulefor inlet 288 - Diesel Oil inlet - Storey Tank to Stramer
211 - Compressor Crankcase LO. Drain 289 - Diesel Oil Pressure Pump InletO 212 - Entne LO. Repfator inlet

290 - Diesel Oil Fitter OutletD 213 - Engme LO. Oram 291 - Fuel Oil Heater - Steam inlet218 - Pre Lube Pump Suction (Entne)
292 - Fuel Oil Heater - Stum Outlet{ 219 - Lubricator Supply - Compressor
295 - Fuel Oil Filter Steam inlet220 - Pre Lube Pump Inlet - Engme
296 - Fuel Oil Filter Steam Outlet221 - Turbo LO. Dram 297 - Fuel Oil Viacometer Outtet224 - Engme LO. Fill 303 - Fuel Oil Drip Tank Vent225 - Compressor LO. Fill 313 - Centrifuge Destudge water inlet226 - Compressor Cytmder Lube Oil Pump Inlet

227 - Compressor Lube Oil Meter intet
241 - L O. Pressure Replator Return
242 - L O. Stramer & Filter Vent
245 - LO. Return from By Pass Filter IIIM STARTING AIR EXHAUST.
246 - Lube Oil Return from Gear MISCELLANEOUS CONNECTf 0NS
247 - LO. Supply to Compressor
248 - Compressor Seal Oil Recarc. 108 - Startmg Air inlet (or Gas)
249 - Compressor Seal Oil Pump Outlet 108 - Exhaust Outlet
255 - Entra Distance Piece Lube 061 Dram 113 - Compressor Outlet
258 - Vent from Lube Oil Falter 156 - Air inlet - Fuel Shut Doven Valve
259 - Compressor Motor LO. Inte: 176 - Air inlet - Supercharger
260 - Compressor Motor LO. Outlet 196 - Crankcase Exhaust Outlet
261 - Compressor Motor L O. Supply 203 - Starting Air Outtet (or Gas)
262 - Compressor Motor LO. Return 204 - Cylmder Head Vent
263 - Cornpressor LO. Module inlet 2J5 - Turbo Air Vent
264 - Comprenor LO. Module Outtet 214 - Distance Piece Vent, Cornpressor
265 - Comprenor LO. Module inlet for Aum. LO. Pumps 215 - Distance Piece Dram, Compressor
266 - Filter Dirty LO. Dram 236 - Control System Vent
267 - Filter Claen LO. Dram 238 - Power Air for unloaders
268 - LO. Stramer Dram 254 - Entra Distance Piece Vent
269 - LO. Cooler Dram 256 - Sweet Gas Inlet
280 - LO Filter Outlet 257 - Rod Pecking Vent
281 - L O. Clantier Skid inlet 279 - Starting Air Tank Deam
282 - LO. Clanfier Skid Outlet 302 - Air Intet - 8errmg Device
283 - LO. Clanfier Sludy Outlet 308 - Start Air Module Outlet

V, 293 - L.O. Heater Steam intet 309 - Air Dryer inlet
294 - L O. Heater Stum Outlet 310 - Start Air Tank Outlet

-

!
300 - L 0 Inlet to Filter 312 - Air intake - Intake Silencer
311 - L.O. Sump Tank Dram

I

92 J

,
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( Piping Connection Numbers (cont'd)

INSTRUMENTS. ALARMS.
WATER CONNECTIONS

[l[g
T_HE RMOMETE RS. ETC1ITEM

100 - Fresh Water Pump Suction 111 - Fresh Water Alarm
101 - Fresh Water Pump Dischary 118 - Lube Oil Alarm'
102 - Salt Water Pump Suction - Marine 127 - See Water Alarm Contact Connector

Raw Water Pump Suction - Stateonary 129 - Lube Oil Alarm - Supercharpr
8 103 - Salt Water Pump Dissary - Marine 132 - Water Temp. Alarm - Supercharpr

Raw Water Pump Descharge - Stationary 136 - Thermocouple to Instrument Board
110 - Jacket Water Vent 139 - Lube Oil Premure Gage Connection
112 - Emerency Circulating Water - Inlet 140 - Jacket Water Circ. Pump Discharge
116 - Fresh Watet inlet to Engine Manifold Promure Gage Connection

117 - Jacket Water Manifold Outlet 141 - Lube Oil Promure Switch Connection
119 - Thrust Bearing Water Outlet 142 - Thermometer - Lube Oil to Engine

I 120 - Belge Pump Suction 143 - Lube Oil Promure Gage to Engine
121 - Bilge Pump Discharge 144 - Lube Oil Pressure Gay Connection - Supercharpr
126 - Sea Water Dischary 145 - Intake Manifold Pressure Manometer
130 - Sury Tank Connection from Tenk 146 - Fuel Oil Pressure Gage Connection
131 - Fill Line - Water System 147 - Conduit Terminal to Alarm
133 - Circulating Water Outlet - Supercharpr 150 - Jacket Water inlet Thermometer
137 - Cooling Water Vent - Supercharpr 151 - Jacket Water Outlet Thermometer138 - Alt. Cooling Water Vent - Superchery' 172 - Pilot House Remote Control inlet (Astern)8

154 - Bily Pump Prirring Connection 173 - Pilot House Remote Control inlet (Ahead)
158 - Thrust Beating Water inlet 174 - Pilot House Governor Control inlet (Slow)
159 - Water inlet - Lutw Oil Cooler 175 - Pilot House Governor Control intet (Fast)
160 - Therrrestatic Valve - Intet 177 - Pilot House Governor Control (Speed)
161 - Jacket Water Outlet to Cooler 195 - Lube Oil Temp. Gage
163 - Emerency Circulating Water Outlet 305 - Fuel Oil Inlet - Auu. Module

] 164 - Emergency Sea Water Intet 306 - Fuel Oil Drip Return - Aum. Module
\.

165 - Jacket Sea Water Inlet 307 - Fuel Oil Drip Tank Drain

i 166 - Jacket Sea Water Outfet
170 - Jacket Water Outlet By Pass
171 - Water By Pass Inlet
179 - Water Inlet Compressor
180 - Water Outlet Compressor
184 - Raw Water inlet - Turbo Water Cooler
185 - Raw Water Outlet - Turbo Water Cooler
187 - Water Outlet - Lube Oil Cooler
188 - Water inlet - Intercooter
189 - Water Outlet - Intercooler
192 - Ra* Water inlet
194 - Water Intet Turbocharger

POWER GAS CONNECTIONS206 - Cochng Water to Compensor LO. Cooler ITEM _
207 - Coohng Water from Comprusor L.O. Coole,
228 - Jacket Water Drain & Fill Conn. 216 - Pro Lube Pump Motor intet
230 - Intercooler Pump Suction 217 - Pre-Lube Pufm Motor Outlet
231 - J W. Standpipe Overflow to Aux. Surge Tank 222 - Pro Lube Purm Motor Inlet (Compressor)
232 - Return to J W. Standpipe from Aum. Sury Tank 223 - Pre Lube Purm Motor Outlet (Compressor)
243 - Cylinder Block Drain
250 - Cooling Water to Radiator
251 - Coohng Water from Radiator
252 - Sea Water to Cooter
253 - Sea Water from Coofer
270 - Drain, Compressor Water Supply Pepe HYDR AULIC CONNECTIONS
271 - J.W. Skid inlet

jHM

272 - J W. Skid Outlet 201 - Hydraulic Connections
273 - Raw Water Pump Outlet 202 - Hydrauhc Pump Discharge
274 - Raw Water - L.O. Cooler inlet 233 - Expansion Tank Gas Supply
275 - Raw Water - LO. Cooler Outlet 234 - Espansion Tank Relief Valve Outlet

.

276 - Raw Water - J.W. Cooler inlet 235 - Bleed Line Return to Expansion Tank j
277 - Raw Water - J W. Cooler Outlet 237 - Hydraube Pump Discharp (Comoressori[ s

2 278 - Raw Water - Dischary 240 - Hydrauhc Pump Rehet Valve Discharge
V 298 - Governor - LO. C@r Wet:r enlet\

299 - Governor - LO. Cooler Water Outlet
301 - J W. Drain
304 - Steam Condensate Outtet

9-3



.
- -

. .
-

.
__

_._ .. . _ _ _ _.

.

-.

O Instruction Manual
9-4

1 Piping Symbols

LEVEL GAUGE
PRESSURE REOUCER

M ANOMET ER

- PLUGGED
% GATE VALVEPRES $uRE SWITCH

ST R AINER
CLOSE V ALVE

DI AL THE RMOMETE R

-* oiRECTiON OF FLOW
k PLUG VALVE)

T TEMPE RATuRE SWITCH

|g| SUTTERFLY VALV E h WELD REDUCER

@ SIGHT PLOW GAUGE
(T6 tat Sealmg Type)

ENGINE SHUT DOWN
CHgCnVALVE -J SCREWED CAP AND"

NtPPLE
PRESSURE SWITCH 4

-4|F UNIONh STOP COCK
PY R OMET E R

WELD C AP
SAFETY OR RELIEF

PRES $URE SHUT DOWN ELEMENT VALVE

PRESSURE CONNECTION -
TEMPER ATURE CONNECTION - Regulvet %" touoting, nipple, b @E IWND

[
Requeret to" nati couptmg for all dial stop Cock, h*' a %" Dunning

-O ineemometeen and separablenochetine.m ome .. .enlan. %n.i. cou.i.ngt _ o _ .n w iug. (F.e..iocas.
at directed by owner.)

O f or tempeestuvo twittnet, etc. (Feeld
locate al airected by ownet.)

SOLENOIO V ALVE
ST R AINE R "V"

TEMPE RATURE SHUT DOWN h ORES $ER COUPLING
ELEMENT

EXPANSION JOINT
ELECT RIC WIRING- . .

ORIFICE
.--.- C APf LLARY TUBING

ALARM CIRCulf
HI SLINO FLANGE

.

PRES $URE GAUGE
THE RMOMET ER

METER
TEMPERATURE GAUGE

FLOAT SWITCH
FLOAT VALVE

Tais form name as
THERMOSTATIC TEMP.

1 Ol APH R AGM CONT ROL CONT ROL V ALVE Form D-4313
VALVE

M J
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( Electrical Schematic Symbols Device
Device Symbol

Symbol | Time Delay Relay Coil-Symbol | Device'

SELECTORS Slow Operating Type -
SWITCHES - Generat Normatly Closed On energitation, con-)" Manual tacts change state af ter, o

Disconnect (2 pole) "
Normally Open..

} delay and reset imme-
Manual

detely on de-energiza-o o

-- Circuit Bresker (2 pole)
Normally Open tion. $ sec. town)o o

Held Closed Time Delay Relay Coil-o o
NormaHy Closed L

Slow Release Type on
Normally Open Umst M Held Opengo

'[,* ,* '#**
ce P t n , ;

Normativ Closed Umst ly and reset atter delayom
to Center on de'energization

V Held Closed Limit ~'' *--
Slow Operating Normat.

M Held Open Limit
Three Position ly Open Energized**

MA Maintained Position Contacto NormaHy Open
(shown in Hand position)

ad Level
Slow Operating Normah

PUSHBUTTONS ly C'osed Energized

Y Normally Closed

Q Liquid Level T Om Contact
o o

Normally Closed Slow Release NormattyNormany Open .T.

(_,/ oTo Normally Closed Held
- Open Energized ContactM* p"53"'8[ h Q

OpenNormally Closed Slow Release Normally
Pressure o-pv

( T 4 Closed Energized

*!* Muttiple Contacts. Contact

b Mechanically Connectedo Normally Open
Differentiat Pressure OTHER COILS

" "
'

CONDUCTORS goteno,dNormally Closed
Differentiat Pressure ( Not Connected

Dual Contact
-

Connected

Overload. Thermal
Differential Pressure RELAYS

Relay Coil - numbers
I to right of tadder indi-

o Normally Open 4 sr cate contact locations .Temperature
normally Closed con-

tacts are underlined
Normally Closed
Temperature Normally Open contact

NormaHy Open
Thermostatic - Normally Clos (d contact
Adjustable

Latch / Reset Relay Coil -

7--- ;| numbers indicaw comg

Adiustable tact iocations, normallyj se
closed contacts under-44.i:Normally Open

s g,nedFlow
(3
k 'l'

Normally Closed.

g Flow 1

|

9-5



.
--

. . .

.
. - . . . . . . ~ .

-

. -.
--

s.8O Instruction Manual 1

(- Electrical Schematic Symbols (con,t'd)
Symbol Device

Symbol | Device

MISCELLANEOUS A Rheastat

-4C:D- Fuse um-,,e
f__, ,,

,

Terminals<>

I I
Alarm Bell

Plug & Receptacle Wtes-e-
Line Plug

*"*#*"
Receptacle

Magnetic Pick Up
Fixed Capacitor

With Shield(A~
""

/ djustable Capacitor

O Motor, AC

Diode

{

__ . M-
SCR

Earth Ground-

Chassis Ground
/7777777

Lamp

Motor Starter or
Contactor

h Motor, DC

@ ..|M Remote Location

c. - Resistor

A Adjustable Resistor

t ---

e
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- Valve Symbols
.

ACTUATORS
TWO POSITION VALVE fW/O ACTUATOR)

W Spring return
Basic two position

M u.no.ipush scio.iorA -

Two way, two poetson
y

w M usavai puii .ctuator
,,

Ihree way, two positson

M Oei.nied m.no. eciu.ior'

X -
Four w.y two posaisca

Oet. Y

Five way,two position - P pressure scivator

h
THREE POSITION VALVE tW/O ACTU ATOR) W Solenoid actuator

-

Basic three position

Y Vibration actuator-
j-

A i

Three way, closed center, three position
,y y3 y

E Flow actuator-

"

h' h Three way, open center, three position
,,

b Liquid level actuator-

( , ,3
F our way, closed center, three position

, 7y

_T v.p.reture .cto.io,
. e .A

F our way, open conter, three position 1. Actuators (there may be one or twol are shown attachedq ,7

to either end of volve symbol.
2. Velve symbols are alweys shown in non actuated,I e.,

Five way, open center, three position " Normal, reland'* condition.
3. The tube or pipe connections to the velve are considered

to be immoveable, while the mternal possage blocks are
mentally shif ted between the enternel connections to,

Five way, closed center, three position
T ffT i visualize volve action.

EXAMPLES.

T T
~ Threeway valve, two position, pressure actuated, spring return

Output

*
_

Valve connected normally closed (supply shut of f when no pilot pressure esists).
Note output is connected to enhaust.

"T T. _
E nhaust - 4-Supoly pressure

Output
Velve shown with pilot pressure applied (actuated). Supply is now connected to output,' -

p T( _p* pilot end enh.usi is biock.d. Note that conn.cisons have noi moved .nd weiv. bod, siihivied
to the lett, causing the right passage block to come beneath the connections Also note,'i

Enhaust' ' Supply this view will not show up on drawings.

.

|

|

L 97-
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t

i Pneumatic Control Device Symbols
Device __

symbos
DeviceSymbot

Tubeng connections.
Pneumatic Flag Indicator,,

ConnectedHH ,
,

'#
Not connectedWy

Pneumatic Indicator.
Spring Return Type

o Pneumatic Indicator.
Pressure Switch Spring Return Type.

,_

,W
,

With Position Lock
-

- - , - ,
,

-r
Pressure Regufator with.h* Pressure Gauge

Ditferential Pressure h b d3,
Switch "

. Y ':
. "

FilterManually Operated
Two way Valve - V
normally open unless

otherwise indicated

Filter Regulator with
Menually OperatedO Pressure Gauge
Three way valve

v
I '

Shuttle Valve -(, IM Cy Spri Et ded.

Pressure Retracts Pistonj,
.L

-

Single Acting Pneumatic

Pressure Rehef Valve
. ,j Cyhnder - Spring Retracted.

Pressure Extends Pistony

"''
Pilot Opersted Two way
Valve - normatty closed

unless otherwise indicated

ep,s. Pr_,e e g.ym _e,e, . .. ,y.

x

'||
Bulkheed Termination'

O Capped Test Tee
1 / , _ ,

-
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L Pneumatic Logic Element Symbols

Devico
Symbol Device Symbol

ACClasulATON
AND A fined volume chambee used fce tunmePressure fiows from port 5 to part C purposes Commonly used 6n consunction
sehen there es pream,re et A and 8. If enth en or f ee.the occumvietor is filled
either A or 5 6s depressurised. C will by a enetered pressure to delay or dampenJ
sent through internel enheust port, cercuit functions3 With 90 pas supply at S. siement snap
actes et 40 pae emne end 20 pse foisme MEMORY
f typicall. Pressure flows from 8 to C of A is pres.q * " " ' ' ' ' ' " '

'",''''' '' '''''"''*"''n'e"d becau seOR J MEML A 3 to C fion is mainte.Pressure flows from poet A to port C.or some port C pessoute bleeds back to port
_

a
~ L from poet a to poet C when there is A to overcome pressure leeksee,if any.
7 poseure et A or 5. Without pressure et if port A vents comp 6etely. port C vents

eithee A ce S. pressure vents back frorn through seternei eshevst port
~

C to O

ggyfmgag7 . MEMORY8007
Pressure flows from port 3 to port C Common configuration of Set / Reset and

eacept when there is pressure et port A. Memory e6emenet comoined to conve't
momentary meut signets to enamteiaodj g With peneure et A. C vents through 3 S/R g_a Ey g,

i
. internal eshowst port Elament snap ,,,,,,,,. p,,,,v,e ,n,ut M ,o,t C ot Sf R

couess e,ewure fion to poet a of Sm.ectine et 40 pu essene end 20 pas feihne Y Y sahach fiows to port A of MEM element(typicett
With preneure et pari A of MEM enomeat.

NOT Weth PW E shaust Performs pressure fiosus from port 9 of MEM to

NOT function es above, but eshaust port port C of MEM When penswa removed

,,om port C of S,/R enoment, pressureis beecked. Peessure fiows from B to C
,,,o,,, ,,,,,,, o,,o,, ,o,i e of S/Reg - NOT eye,, ,,,,,, the,e ,, ,,e,,u,e et A. W,th

preneure et A.preneure flow from 5 to C yes poet A et MgM pressure fum from

stops.but C does not vent Proesu's port e of MEM to pcrt C of MEM con-- y
' s

rete ned downetesem of C.
tenun, despite tou of t/R enput seene

('
TIME R

With no preesce et poet C of SIR elemeat.
prosaure applied et port A of SIR eiement
counes pressure between poet 3 of S/RProvases tienene with slow pressure rise,

from 0 08 to 7.5 escoeuss adsustable
yes po,, A of MgM to esheusi theough

d TIM ' *'th supp'v *e"*e e' A. W*" 'mae ,o,i C of S/R. With no pennute et port
proteure et C. reechme fuit o'esaute when A of MgM, no pressure fian from port 8

deney completed Without peeeeure et A. to port C of MIM.
C veats throueh internet eshaust poet

CoetCK VALVE
Permits one way preneute fion from poet

OttAY .E g. O to common output ports A end C. Pre-
with pressure et 3 onty, no pressure flow

vents avseeues backfion feom commonfrom 5 to C. When preneuve opphed to poris A and C fe e
a DEL L ^ "'" 8''*"'*8 *om o to C enee time

dway Output deoey ediustable from
0 0s to 7 6 seconds Ports A and a some.y . nenonnected io u,,n non source to, ''''"8'' ' "'''iction betwna two parts

.eentwne deley output functions _a - e_ of a circuit With pressure eponed to

l common ports A seus C.preuvre es^
,

I' meived theeveh oretite to port t
With peessure et port 3 only, pressure Oedeu pu e seusieved p de m
flows from poet 8 to port C. When
preneure is nephed to port A. preneure PAR ALLE L ORIF8CE/CHE CEh L fion teorn pore e to port C is teemmeted C ibanos functio,,s of o,dete ev., chec.

,
-

Mies deey. Output.ter.ninmoon ti,no vevoin pe,enei With pre.s ,e w ied .T, o. sus fr- 0 0 o r -onds.
Po,ts A and . -ime.covinocted to 2 r?, .omenon sapui poeis A cad C. rese-o is

e
metered theough ordice portion of the

common sowce f or senene shot putse s-
-

| element to port t When peessee es*"
output vented voeteeem of common inputs A

seuf C.peessure et port 5 enhauses oughly
Of t f ERGNTIATOR '"'**'"'"''' "*' '*"'" # '"'''''
*"""'""''"'"*"''"'''p'"o"rtC. mont. Oed<e esse indicated oa drowiae

**
J DtF L sensie shot output putw from

Puise output duestion a 30 eneoc.
SemitS ORIF fCE/CMECK

O(j
SETdRSSET Combinee function of o# dice and chuk
Pesesure fion teom port C to port 8 weif veve in wries Weih p,. sce oppned at
se coment Peewee ovipui a port a '"'"'''*"*8'"''*8*'""'
''"**"'"'**""'"'"'"''''"'C* '"'''n'd is moeted theoveh orifice toJ S/R 8- ve8ve a
renoved Pressure apphed et port A common output poets A and C The
causes pressure et pet t to enhaust chuh velve potf on of the rement pee.q theoven port C Pressure e port C oge. wats menswo fion hem poets A and C
redes preesse et poet A of both poseures to port B Ordice s.se ind<ced on drawing
present et the some time

u

V
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'y LONG ISLAND LIGHTING COM PANY
ew d8m* SHOREHAM NUCLEAR POWER STATION

|
P.O. BOX 618. NORTH COUNTRY ROAD . WADING RIVER, N.Y.11792_- -

Direct Dial Number

April 27, 1984 TDI-20
'

H. R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission gl/Washington, D. C. 20555 TI"

Dear Mr. Denton:

Your letter of February 28, 1984 requested certain information
relating to the TDI Diesels from the TDI Owners' Group, the majority
of which have been responded to. The last request outstanding from
this letter is for a copy of the Engine Instruction Manual for each
of the TDI Owners' Group Diesel Engines.

Accordingly, enclosed please find one copy each of the TDI Engine
Instruction Manual for all TDI Owners' Group Diesel Engines with the
exception of River Dend (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, tha't -

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,

\.9 -
W. J. Museler
Technical Program Director
TDI Diesel Generator Owners' Group

.

enclosure

RA/vf

cc: C. Berlinger
R. Caruso f

W. Laity (Battelle Pacific %
Northwest Lab.) ,

';.
.
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