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SWEC J.0. NO,: 11600,02 Revision: Insert 12
Document No.: 1R43/1 March 19, 1984

TRANSAMERICA DELAVAL
INSTRUCTION MANUAL

MODEL DSk-48 DIESEL ENGINE
SERLAL NNS, 74010-2604
74011-2605
74012-2606

SHOREKAM NUCLEAR POWER STATION = UNIT 1
LONG ISLAND LIGHTING COMPANY

BROOKHAVEN TOWNSHIP, LONG ISLAND, NEW YORK

"his revizion to the Transamerican Delaval Instruction
Marual incorporates the following E&DCRs:
F-30537, F-32015, F-33599D, F-33599F, F-34711,
F-36214, F=-37605, Fr-38251, F-38813, F-38813A,
F~38813C, F=39832A, F-44681, F~-44795A, F=44564,
F~45051C, F-45089D, F-45416A, F-45416B, F~-45486,
F-45564, F-45577, F-45633, F~45802, F-45802A, F-45840A,
F-4€239P, F=-416245, F-4(325 , F-46361, F-46371, F~4€372,
F=46404, F-40404A, F-4064048 and F=46427,

These E&DCRs have revised or incorporated the follocwinre
pagee in the ainstruction manual:

Pages: )13, 2«4, 2«4-A, 2-4-R, 3~4, =5, &-7, 4-§,
5~B=2, 5=B- 3, S5«B=4, 5-B~5, 5-B-6, 5-D-12,
6-B~3, 6-B~3-A, 6-B~-4, 6-B-5, 6-B~6, €-B-7,
6-g-8, 6-D-2, 6-D-2-A, 6-D-2-B, 6-F-2, 6-F=-3,
6-H~1, 6-H-2, 6-1~-1, B8-3, B8~-3=A, B8-4, B-4~-A,
8-5, 8-5-A, 8~-5-B, 8~8, 8~11C and &~11D.

Drawings: 52071, %2075, 61-560-7096 and 100399 and
100404.
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SWEC J.0, NO,: 11600,02 Revision: Insgsert +2
Document No.: 1R43/1 March 19, 14Y84

TRANSAMERICA DELAVAL
INSTRUCTION MANUAL
MODEL DSR-48 DIESEL ENGINI
SERIAL NOS, 74010-2604
74011-2605
74012-2606
SHOREHAM NUCLEAR POWER STATION - UNIT |

LONG ISLAND LIGHTING COMPANY

BROOKHAVEN TOWNSHIP, LONG ISLAND, NEW YOREK

- —— —— e - e A ——- o - —

The following Engineering and Design Coordination RKeports
have been issued againet the Transamerica Delaval
Instruction Manual (IR43/1 Vel 1), but are not required te
be incorporated::

_E&DCE Description T T L
F-320!5A Incorn. E&DCE F-~32015 inte ranual

F=33%99 Latest torque values (1979)

F~-33599% Latest trrque values (1980)

(Flywheel torque decreased)

F~4" 416 Replece Rocker Arm Tube Plugs
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MODEL +sicovvsonne
SERIAL NUMBERS ..
FUEL +ovvennnnnns
TYPE INSTALLATION
CONF IGURATION ...

NUMBER OF CYLINDERS

BORE ..ivvevvavsn
STROKE v cvvvnnns
CYCLES .ivvvnnnnn
BMEP v vvvrnnnn
HORSEPOWER ......
RATED SPEED .....
ROTATION covsvosn
STARTING SYSTEM ,
FIRING ORCER ....

DISPLACEMENT PER CYLINDER
TOTAL DISPLACEMENT

FLYWHEEL DIAMETER

FUEL INJECTION TIMING
FUEL INJECTION PUMP RACK

v‘LvE CLEARANCE L B I

ENGINE DATA

DSR-48

74010-2604, 74011-2605, 74012-2606
DIESEL

STATIONARY =~ NUCLEAR STANDBY
IN-LINE

8

17 1IN,

21 1IN,

FOUR

225 Ps1

4889

450 RPM

CLOCKWISE - VIEWED FROM FLYWHEEL END
PILOT AIR - GEAR DRIVEN DISTRIBUTOR
1-4~7-3-8-5-2-6

4766.6 CU-IN,

38,133 CU-IN,

73 1IN,

23° (14.65 IN,) BEFORE TOP DEAD CENTER
REFER TO ENGINE NAMEPLATE

N/A (HYDRAULIC VALVE LIFTERS)

NOTES: REFER TO ENGINE NAMEPLATES FOR FIRING ORDER AND FUEL PUMP
RACK SETTINGS AT FULL LOAD,

REFER TO APPENDIX X IN SECTION 8 FOR COPIES OF THE FACTORY
TEST LOGS AND A SUMMARY OF FACTORY TEST RESULTS.

ALWAYS INCLUDE SERIAL NUMBERS WHEN COMMUNICATING wlTH

TRANSAMERICA

DELAVAL INC., ENGINE AND COMPRESSOR DIV,

CONCERNING ENGINE PERFORMANCE .,
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Section 8 — Overhaul and Repair

s

Part A —

Part B —

Part C —

Pan D —

General

Rotation and Cylinder Designation ...........c.eeviveinnirriinnsensns 6-A-1
ASDIIPRN B PRAB  ouossiscssnsrsnssnsanssinasesvbsessonssnsnsvrns 6-A1
Uss Of Assambly DTBWINGS  ...covovvisironrrisrivsarnsnssssnssonsas 6-A-1
CIBIIRREE  » s osnbavsennsrisesddbssdssdessitisenbussbaibesnsssss o 6-A-2
TOPQUIMD . covivsosresrannnsnrsnnnassosansssesssossnsbsnisassinsss 6-A-2
VUMD THIIOE v 505 v 5 obobos ivs s oy o35 wosn b4 54TE LERDEAFE 95005 53 b0 6-A-2
AUDISIVES B0 BRBIBE '« ocovs v sn e vunsnstnstirabs it Buass bey bRyt ¥ 6-A-3
BRIty PIBBUBOME « v oviincroonninnnsnbibisariotibresdahossosssiney 6-A 6
Cyinder Heads and Valves

CYinger HeBU REMOVEL  .....ccvvvvinrinsrssisnerererssninsnsvssiss 6-8-1
WBPBEHON  (souvsssvnvmobssirondsoensshrebinisonesstnsdenssbsssonts 6-8-1
VBE o i si v oo tod s6dinrnosb e b eauanicnl o-sabwe-ShsmR e e e 6-8-2
Valve Spring RepIBcemMent . ..........ooovvvvuirrrisvrnrrisssnsiiriis 682
Valve Removal From Cylinder Head ...........ccovivvivinnniiens vory GBS
Valve Ingpection and Recondtioning . ........ovevvmivreseroninsorins 6-8-3
Cylinder Hoad INSIANAtON .. ......ovvvirrrrrriiesiossussnssiiiieess 6-8-3
Pistons and Rods

T R SN WA RRER RS I S N L e, £ SN 6-C-1
PERE LIS & o ooonncnin s mihinvme s o obbnbs ke VoRE s on e vamKs s o 6-C
DG TOON «vousresvsnsns R N SR U _ PN 1 L T TS 6-C1
Replacing Connecting Rod Bearnngs ...........ccovvvveivines e A 6-C
Removing Piston and Connecting ROd  ........covvvinrvsnviniinis vos §9C-3
Inspecting Connecting Rod Bearngs ................couvus L 6-C-5
Checking Piston PINCIOBIBNEES . ....o.ocvvivsmssrrsrirsnionvsvining 6-C-5
INSPRcHing CONNBBING MBT  ....ovavisessivivrinionivssnna srstisos i 6-C6
Checking Pision Ring Side Clearances ..............cocviviviivensiis 6-C-6
PISIOn NG MOPIBCEMBNE < .. oicavisricissroarsinsbsrsstvasesesissss 6-C6
CIonng PISION PN .o cooorivsnsasanbnsssisrtbns VEabossbasvvs ans 6-C-7
Checking Piston Ring Gap Clearances .............ccoivvvvvnisinins 6C-7
INDDDEIOE PHION  oivivn v sons i i sbiavas sodns bissbwsernont stsEeiss 6:-C-7
DIOOaMBING TUIIOM o uuoovnvurnmiiopinnssvonasvaomnesdesssnssdos 6-C.7
ASDOMBNND PRPIBI.  + o oo usvusussinveshbnposhtvesssosnssngrbonynbes 6CB
IO PO TR oo cvcvooisoivinersosasopsmasoynobororsvemnsss 6-C-9
Replacing Piston Pin Bushing . .....couvvvviiiriivririviniininiirnns 6C-9
INSPECHNG Cynaer LINGIS .. .oovuvuvsvinsnisisrisssissniscrsrssses 6-C-10
Lingr DODIBENG PIODBBUMD .o oo i vavivoiiosrvnmess abaas s barsssrsin e 6-C-11
ROMOving CHINENE LIBBY ..oousiissssossrnssvbonrsntovasisbasisness 6-C1n
Instaling Cylinder Lin@r . ........oovivvvinns Ty SR 6-C-1
NIING PISION SNG MOB .. coovvvuniivobosiossomseraosiusbnsinsss 6C12
DRNIND NOW FIREE VLI ooaioeioriorssvionscisosnigontinmsss oo 6C12
Crankshaht and Bearnings

MDD BUBNIEE cvscccievonsiosesrsrninsdeonnendyses sorasesdosusuesres 601
Bearng Removal ..........coiiiiiiiiie PR PR N 601
Installation of Bearing Cap .......... CbE FRRR B e BRI PR VLA 0 3 601
Crankshatt Ahgnment and Thrust Clearance .............ccooovivuine 6-01
Choching TRUBt CIBIIBNBR ... ..ovivsorioivrianibosoisribiinsninins 601
Crankahal Wob DORBCHON .. ...icoviivisnaviinsivstiorstinsraisnses 6-0-2
DORDONON DINDIIEIE. 55 oo sooibreossraesesbpasedfianive e sdusmasiss 602
CUNDOINS AU 255 4 5o 00 1605 405 bR passvsmrores s s fNEH g3 0in 603

vi



Instruction Manual vii

Section 6§ — Overhaul and Repair (Continued)
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Transamenca e
Engine and Compressor Division

550 BS5th Avenue
PO Box 2161

T Oakland. California 94621

GUARANTEE

Unless otherwise specifically stated, all machinery and equipment purchased hereunder is subject to the following
warranty: Transamerica Delaval Inc., Engine and Compressor Division (hereinafter called Company) warrants that
machinery and equipment manufactured by Company and furnished and delivered to the Purchaser hereunder shall
be of the kind and quality described in the Company's specifications, and no other warranty or guaranty except of
title is made or shall be implied. If any part of said machinery and equipment thus manufactured by the Company fails
because of defective workmanship or material within one year from the date of starting the engine after delivery but
not exceeding fifteen months from the date of shipment, the Company will, provided such machinery and equipment
has been used for the purpose and in the manner intended and the Company’s examination shall disclose to its satis
faction that such parts are defective, replace such defective parts free of charge, f.0.b. cars at its warehouse in Qakland,
Calitornia, but the Company will not be liable for repairs or alterations unless the same are made with its written con

sent or approval. The Company will not be liable for damages or delays caused by such defective material or work

manship, and it is agreed that the Company’s liability under all guaranties or warranties, either express or implied, 1s
expressly limited to the replacing of parts failing through defective workmanship or material within the times and in
the manner aforesaid. Parts claimed to be defective are to be returned to the Company at its option, transportation
prepaid. The Company makes no guaranties or warranties whatsoever in respect to products other than that manu
factured by the Company as they are sold under the regular warranties of the respective manufacturers, copies of
which will be furnished if requested. All warranties and 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 title) arising out of the supplying of said machinery or equipment or its use,
whether on warranties or otherwise, shall not in any case exceed the cost of correcting defects in the machinery or
equipment as herein provided, and upon the expiration of said warranty, as herein provided, all such liability shall
terminate

PRODUCT IMPROVEMENTS

The Company reserves the right, where possible, to include changes in design or material which are improvements
Also reserved 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 after start of production on Purchaser’s equipment

FormS 901 (A2 79
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SECTION 1
INTRODUCTION

The purpose of this Instruction Manual 18 10 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 specificaliy by these instructions. they should be referrea to
Customer Service Department Transamerica Delaval Inc . Engine and Compressor Division for further detaied
information and technical assistance The name Transamerca Delaval as used inthis manual shall be taxen 1o
mean the Engine and Compressor Division uniess another Transamenca Delaval divison is specifically named

SCOPE OF MANUAL.

This manual cannot possibly cover every situahon connected with the operation. adjustment inspection tes!

overhaul and maintenance of the equipment furmshed Every effort is made to prepare the text of the manual so
that engineering and design data 1s transformed 10 the most easily understood wording Transamernca Delaval
in turnishing this equipment. must presume that the operating and maintenance personnel assigned theretc
have sutficient technical knowledge 10 apply sound salety and operational practices which may not be other

wise covered herein |n applications where Transamerca Delaval equipment s to be integrated with a process
or other machinery these instructions should be thoroughly reviewed (o determine the proper integraton of the
equipment into the overall plant operational procedures

RELATED MANUALS.

In adamion 1o ths Instruction Manual. @ Parts Manual and an Associaled Pubhications Manual are normally
provided The contents of these manuals 8 as follows

a The Parts Manyal contains engine specihications. assembly pans lists and assembly draw ngs
Instructions are provided 10 assist in the ordering of spare and replacement pans T he assembly drawings are
intended 1o assist in the identitication of parts. however it is recommanded that the pan numbers appear ng on
these drawings not be used when ordenng pars Rather use the pan numbers Shown on the Approprate group
parts hs!

b The Associated Pubkcanons Manual is a compilation of manufacturer s bulleling forms instructions
arawings. etc  which are apphcable to components and equipment which s furnished with the engine byt not
manufactured by the Engine and Compressor Division The contents are indexed. both alphabetically by
manutacturer s name. and numencally by Transamerca Delaval pant number Complete instructions 'or Lsing
the manual are contaned n the manual

CUSTOMER ASSISTANCE.

Transamernica Delaval maintains a stalt of lactory trained customer service personnel who are avalabie at
nominal rates 10 assist or advise in the instaliahon. overhaul of repar of Emerprnse machingry 1t s rec oo
menaed that one of these cuslomer service representatives be requested when exlensive repas are beng
made on the equipment It assistance is required wrie or wire the Engine ana Compressor Dvimon Customer
Service Department furmishing complate information including all seral numbers

w 1-1



Instruction Manual 1-2

NOTES, CAUTIONS AND WARNINGS.
Notes, cautions and warnings as used in this manual are intended 10 convey the following meaning,

8 NOTES ~ operating procedures, cOngimons eic . which it 1§ essential 10 emphasze or highighnt
because of thew importance 10 the proper operation of the machinery

b CAUTIONS - Ow.‘m procedures. practices. eic which if not stnglly observed Could resyt
damage 10 or destruchon of equipment

¢ WARNINGS — Operaing procedures. practices e1c which Could result in Mty of pus sibile f il
it not foliowed correctly

SAFETY PRECAUTIONS.

Anthough the design leatures of the Transamenca Delaval engine include considerations 1of the sate ope’ st on
of the machine all cperating and mantenance personnel should be tully aware of the potental ' szards tha' are
present during the operation and mantenance of any large medium speed iNternal combuston engine These
NaZards eNCOMpass Many areas — rotaling machinery lemperatures pressures handing o' heavy wegnis
flammable iquids shppery Surlaces and an environment of figh nose levels Thig Ingtruchon Manual should not
be considered all inclusive in the area of salety. but rather as bul one saurce of intormahion tor the formylaton of
a comprehensive plant satety program Spechic satety precautions in the form of Cautions and warnings are
given throughou! this manual for specihc condmons and situatons In addihan general precautons ate
proviged in Section 4 tor operation of the equipment. and in the beginning of Section 6 or overhay! and repar
activiies Salety programs 1o be effective must be the concern of all levels o management as wel as the
individual worker  Transamenca Delaval wil De pleased 10 advise on any specihic Stuations which are no!
consigered 10 be adequately covered by these nstryctions

Transamaence Delaval Enterprise engines operate on the four siroke cycie principle The complete Cycie fur
each Cyinder conmists of the iNake COMPression POWe (Of S1pANSION) @nd exhaus! strores and regures Twd
complete revolutions of the crankshat

rRon
. .-

Figure 11 Diagram ol Working Principh

8 INTAKE STRORE -~ Duting the downward movement of the piston on he olame siroke (e 0w
vAiIve 1§ OREN NG COMDUSHON B s the Cynder The Sehaus! valve rem@ns apen furg oo carly part *
SOk 10 SCAVANGE the Cylinder of 8hy uhBUNed Gases oM the previous poaer Srose L amibgalon e ontes,
the Cylnder o the 1uthocharger under pressure

" el e ".
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b COMPRESSION STROKE - Shortly after the piston passes bollom center and stafs upward the
inake valve Closes and the & s COMPressed raming the lemperature of the ar 10 well above the gnien
temperature of the dwsel luel Just betore the piston reaches op center. diesel fuel s inecied 1o the cormbus
memmncmmmmmwmwmn.nummmw.cmowmumcmumon
eMciency The heat of compression gnites the fuel

s POWER STROKE — The burning fuel-air Misture expands and forces the piston downward  This
downward thrust (ransmits power thr cugh the CoNnecting rod 1o the crankshalt caus ngtiorolate Towarcsthe
#nd of 1he powe: SIroke the exhaus! val.e opens and exhaus! gases star (0 leave Ihe Cyhnder

4 EXMAUST STROKE — Ag the piston moves upward past bottom canter ex Naus! ga es are lorced out
o the cylinger Ihrough the open exhaust vaives Dunng ihe last nall of the exhauil siroke the lase valve oper s
10 adMit COMDUSHION &I INO the Cyhnder 101 SCAVENQING Purposes

GENERAL ENGINE DESCRIPTION

The Madel R engine is & four stroke cyele turbocharged aftercooled, inhne diese! sngae bt inoan 8 eylinder arrango
ment Trunk type pistons, removable wet type cylinder Liners, prossure lubrieation and mecharice! fuel inpetion are
foatures of the R engine. Individual fusl injection pumps are provided for eseh cylinde: and o they are of candard
design, are interchangssbile. The fuel lines are of squal length and are relatively short, reducing lne surgs 1o e moomum
Fuel pumps, nozties and orifice size and angle are il caretully matched 10 the enging and the Tusl 1o Lo used 1o g
manimum thermal eMicency A gear driven starting air distributor provides 8 timed dgiribution of pdot & o open
he &t ATt valves, permitting the engine 1o be started cold in & few seconds with a starting wif wupply h-qw‘
rotation and cylinder designation are determined while facing the engine at the | andl, number one oy lingder
always being the farthest from the flywhes!

NUCLEAR POWER STANDBY SERVICE

The engines turnished the Long iland Lighting company s Shoreham Nuciear Powe: Station, Unit No | are desgred
1o operate 0 case of § compiete loss ot AOrMal ool TeEerve MAtION BuRhiary power 10 suply BMegen g pawer 1o v e
eauipment Bach engoe generator st s & complete unit embndying the engine. geae: ator and the Base accesones
mourtet on & Higed sammon wib base Fach angine generator Wt 4 capatie of being (tarted Bithe: mgius iy o suto
matically by wiectical ngnel without locs' sttendance

* Rel, EADCR F=I81214

AR 14010 94011 1.9
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SECTION 2
INSTALLATION

GENERAL.

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

FOUNDATION DRAWING.

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

INSTALLATION DRAWING.

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

SYSTEM SCHEMATIC DRAWINGS.

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

HANDLING AND SHIPMENT.

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

21
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e |

FOUNDATION.

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

MATERIAL WOODENPLANKS SECURELY NAILED TOGETHER

| — o . J
] )
| |
: : /2-6 SNAILED TOGE THER
— * - - : # * 126 CROSS BRACING
* \\ NOTCH TOP OF 2 x 6 AT CORNERS TO SUIT
¢ //7-00-. €0GE e SPene
\ ‘
| . A - | /
+ /YN ¢
\,
4 \#
| —— LA L 3 1 14 1L i e Y | /7
A a ALLOW 132 CLEARANCE
L-- - \4 ON DIANE TE A
|
| [
| |
| I
. e y Sp— 1 o | |
PLAN VIEW SECTIONA A
‘*
Figure 2 1. Suggested Foundation Bolt Template
FOUNDATION BOLT ASSEMBLIES

The foundation bolts are so designed that the anchor studs can be remaved from the anchors atter the foundation
has been poured. This permits the engine to be placed over the foundation without any interference o danger of
damage to the studs. Once the engine 1s in place the studs are installed and screwed into the anchor assemblies

GRRVIE 18 22
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PREPARATION FOR INSTALLATION.

Before landing the unit on the foundation, the surfaces of the foundation must be roughened wherever grout 15 1o be
applied. Chip and clean as necessary to remove all laitance and foreign matter so that the clean, dry, sharp aggregate
required for a good bond to epoxy grout 1s exposed. The machined surfaces of the sole plates and chocks must be
thoroughly cleaned and the leveling screws waxed to prevent their sticking to the grout. The machined bottom face
of the engine base must also be cleaned thoroughly. Remove engine foundation bolts. Place steel plates at jacking scrow
locations, level plates and grout in place

PLACING ENGINE OVER FOUNDATION.

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

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

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

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

d.  Lubricate lower threads of the foundation bolts with standard graphite and oil mixture install bolts o
sleeves and screw firmly into the threads at the bottom of the sleeve. Lubricate threads at the upper end of foundator
balts with o1l and graphite powder then place washers and nuts on bolts

e Level and align the engine. Reter to Section 6, Part D of this manual for the method of tak ing crankshatt
web deflection measurements Record web deflection measurements on Form D-1063. Insure that all sole plate jacking
screws are so adjusted as to distribute the weight evenly on all sole plates. When leveling and alignment i« satistactory
snug down the foundation bolt nuts to prevent movement of the engine during installation of the driven equipment
and grouting

23 TR L
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MOUNTING FLYWHEEL AND CONNECTIIG SHAFT.

Caretully clean and de-burr the bores and mating surfaces of the liywheel the cransshall Ha ge aro the
connecting flange Dirt or burrs will cause misalignment between the crankshaft and the connecting s aft The
mating surfaces of the tiywheel and the Hange must be free of all lubncaton Maximum thehon & requred tor
power transmission

a WMMMWW‘ Wt the
fiywheel on the engine crankshaft lange Make sure no Jirt 18 allowed between the mahing surtacos while
flywhee! 1s being mounted Install tnree retaining plates (see higure 2-2) and draw the yw ol up o the tan g
until it 1s sealed

b Brng the connecting shaft into position
ahgn the halt.inch locating hole in the connecting
shalt tange with the locating hole in the liywhee! and
move "he connecting shalt info engagement with the
fiywhee! Keep art from enternng the mating aea
Jse two long ore or one and one-guaner inch
giametor temporary bolts with washers and nuls 1o
dtaw the connecting shaft 1o the tiywheel until it 1§
seated Check with fgeler gauges between tace of
connecting shatt Hange anc fiywhee! 1o be sure the
nange s fully seated and square with the fiywheel

¢ Specal tapered algning dowels and a
fiywhee! bolt reamer are avalable from the
Transamenca QDelaval Engne and Compressor

\ e e
e

Dwision Service Department tor yse in akgning and S Ak o

ning the fiywhee! bolts Lubricate the two ahgning —

fow@ls aith a thin coat of anti-seze lubricant 1hen tap T— f

them into two opposite tywheel bolt holes, algmng .

1he boit holes with those of the shalt tlanges. (o not

wrive gows's up hard  Ream two liywheel bolt holes Ry p—

& 1h the Speca reamer ang measure giamaeler of S
reames nole 1o the nearest 00005 inch Figure 2:2 Flywhee Mouit

and compare gameter of reamed hole with diameter

ot bolt  Reamed holes should be approxnately

L 0005 inch larger than the bois 10 allow for an easy tap it Do not grive the Doits i1 with a siedge My 3 4

ar ack Coat bolts with an anti-seze lubncant anag it into reamed holas  Lubrcate thionds with Dowieie !
graphite ang engine ol assemble nuts on Bolts and draw up hght  Remove two Tempatary DOty ad aligmng
duwe's and it remaiming bolts  Torque all bolts 1o the torque specified in Appendx IV and serv i
fnformation memo No, 640, »

*Pef, TADCR F=388113A
“hpuef. EADCR F=464040
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SUBJECT: FLYWHEEL BOLT, TORQUL INCREASE
AFPECTLD ENGINES:

DSR=36 & 46 DMR=36 & 46 DCSR-1 & 4¢
PSR +3B & 48 DMR=18 & 48 DGER=3F & 48
DESCRIPTION:

b The torque on the flywheel bolt nut, on all tedol "R"
engines, has been increased to J000 ft/lbr (from A
previous torque of 2000 ft/1lbs).

HETHOD ¢
1. Untorque each nut in its turn,
P Clean the bolt threads and the flywheel face,

3 Lubricate the bolt thread with a 50+=50 mixture of
engine lube oil and powdered graphite.

4. Make a wrench (see Figure 1) to fit the nut,

. 4.1 Use an overhead chainfall or come-alona to torque
the nut, measuring torquing with a Dillen
dynamometer,

4.1.1 The Customer Service Department hai
Dilleon dynamometers for rent, as per
8.1.M, 209,

L " Torgue the nuts to Y000 ft/lbs, in four equa’ lifts
(750, 1500, 2250, 3000) using a erism-cross pat.err,

PURPOSL

b Thie torque increase i(p derigned to improve the holted
joint integrity between the engine crankshaft flang
and the flywheel,

J=10-01 [ Andrew Rush Ject  PLYWHEFL WOTY
TORQUE ¥ ENGINES

‘ Q 14:4“: AL :::m; - o i




TranSamenca Lo metunnrs .  Service Information Memo

m Ok ang Catloma 4721 d=d=D

RECO!MMENDED_WRENC I

1" Hele ftor Dillon
Dynamometer Cable Connectior

Cut Out of 1" Plate 'nl

—

- g4' s

TORQUE CALCULATION:
Torque required = 3000 ft/ibs

Uning a wreneh lenath of 24", the reading required on the
Dilion Dynamometer for 000 ft/lba is

3.-% % 3000 s 1500 1bs.

(750 fe/1bn = 375 1be;p 1500 fe/1lbe = 750 lbey
2250 fe/1lbn = 1135 lbs)

=10-W] Androw Rush | Bubjeey FLYWNELT DoLY
TORQUE R _ENGINES

MEMO NO, 640

" « OF 4
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Check alignment of crankshatt then align driven equipment. Tighten foundation bolts on dr iven equipment moder ately
with jacking screws in place, then recheck entire slignment including crankshaft. Record crankshatt deflections on
Form D 1083, Cranksheft Alignment Record. Engine and Compressor Division service representative must be present
to supervis alignment procedures

. Pour and vibrate the grout under the engine and dr iven equipment 11 s recommended that & representalive
of the grout supplier be present at the installation to be sure that grout is prepared and placed (1 accordance with
specitications. Do nat 1l bolt shield holes with grout

b After grout has cured, back off the sole plate jacking sorews one turn sach and toraue the foungat on boit
1o the spwcified value Srug all DO (0 & criss-crom pattern, then apply 8 ght 101aue 16 Bach | Using the sme cHiss Cros
pattern. Continue applying torgue 0 inorements end in the same pattern until the tinal torgue velue i+ resched
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Transamerica Delaval Engine and Compressor Division furnishes suitable piping diagrams 1o the purchaser or his uesign
sgent, recommending minimum pipe sizes for all service lines. In addition, the following should be observed in the
fabrication and installation of piping not furnished with the unit, but procured from ather sources

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

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

¢ Chill rings should not be used in welded pipe joints as they tend 1o retain scale, welding slag and beads
which can come loose as the pipe becomes hot during operation

TREATMENT OF PIPING.

It is strongly recommended by Transamerica Delaval Engine and Compressor Division that all lubricating o/l and fuel
@ system piping be pickled by & company specializing in this kind of work. Such a company will have the necesiary
equipment and possess the technical knowledge to completely clean and prepare the pipe for service Piping which s
furnished by Tramsamerica Delaval Engine and Compressor Division with the unit will have been pickled at the time of
fabr ication. All piping procured from other sources should be pickled and prepared as follows

. Accessible welds inside carbon steel pipes and fittings must be visibly inspected and the welding beads
ground off Al fabricated steel pipes. valves and fittings must be blown clean with steam or air 10 remove loose scale
sand and welding beads, and be cleaned by the following procedure before the pickiing process

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

(2)  Depending on the degree of contamination, submerge parts for 16 minutes or longer in & solution
containing seven to ten ounces of anhydrous trisodium phosphate or sodium hydroxide and one ounce of detergent
Military Specitication MIL -D- 16781 to one galion of water st 200° F (93.3% C) 10 insure complete removal of paint
and greawe

(3 Rinse parts in warm, frash water ot 120° F (4897 C) 1o prepare them for the seid treatment

(4)  Pickle fabricated carbon steel pipes and fittings by submerging them for 30 1o 46 minutes in an
scid bath containing one part of sulphuric acid, 66° Baume 10 15 parts fresh water supplemented with an (nhibitor
The scid bath must be maintaned ot & temperature between 180% £ (7117 C) and 1867 F (82 2° C) While the parts
e submerged, agitate the bath At the end of the pickling procedure, rinse parts in warm, fresh water After the
rinse the parts must be momentarily submerged in & cooling selution comtaining four ounces of sodium carbonate
per gallon of water then rinsed in cold fresh water and deied by air biast

b Immediately following pukling and rinsing, coat both the inside and the outsde of the fabw cated stee!
Pipes and Ttngs with & rust and corrosion preventive compound and seal the ends to prevent entry of dirt The
compound must be soluble 0 the lubriesting oil that will be used. and compatible with it 50 & not 1o contaminate
the oil Ordinary lubricating o will not prevent rust in the pipes Mechanical cleaning will not completely clear the
pipes. theretore this method i not scceptable Apply the compound by spraying or Hooding the pipes swabling
with rags of mops will leave it

Note

mmmnomwbmmmamn Substitute
methods may produce pipes and Hittings of squal or betier cleantiness

26
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JACKET WATER SYSTEM (See Figurs 2-3).

The jacket water system is individual for each engine, and in addition to its normal cooling function, it provides the
means for keeping the engine in a warmed condition during standby service. The engine-driven jacket water pump draws
water from the standpipe and discharges it to a thermostatic valve where it is either directed through the jacke: water
cooler, or diverted directly to the lubricating oil cooler. After passing through the lubricating o1l cooler, part of the
water is passed through the intercooler and the remainder is bypassed directly 1o the engine jacket water header Flow
return is 1o the standpipe. When the engine is in a standby status, a jacket water circulating pump draws water from
the jacket water heater in the standpipe and directs it through the lubricating oil cooler thence through the normal
circulation paths through the intercooler and the engine and back 1o the standpipe. Refer to the jacket water schematic
piping diagram in the drawing section of this manual for the relative location of all components, and for pipe sizes and
direction of flow

INTERCOOLER  \cx kT WATER HEADER o }
i
-
s { JACKET WATER
i - STANDPIPE
JACKET WATER PUMP
@
JACKET WATER
HMEATER
JW HEATER
CIRCULATING
' THERMOSTATIC i
VALVE
l = ——
.
I [ il
. l
>
— . L0 COOLER T T ——————

Figure 2-3 Jacke! Water Piping System
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COOLING WATER SYSTEM.

The cooling water system provides a cooling medium for the jacket water cooler Cooling water s pumped |
source through the jacket water cooler. Temperature control of the cooling water is not provided

INTERCOOLER LINES.

The intake air cooler (intercooler), located between the turbocharger air discharge and the intake air manifold
jacket water as the cooling medium

O8M 74010/74012 2-8
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FUEL OIL SYSTEM.

The fuel system provides the means for storing fuel in the day tank, removal from the day tank and delivery to the fuel
injection pumps at the cylinders. The fuel oil syster piping schematic drawing in the “Drawings’ section of this manual
show the pipe sizes, connectio . direction of flow and relative location of all major components. Fuel injection
equipment on *he engine is hand lorpeu 1o axtremely close tolerances, therefore, fuel cleaniiness i of the utmost
importance. The fuel system must o¢ "6t chan as possible during installation and assembly, and should be cleansd
internally and blown clean before ital start 4p. Al piping must be properly supported to minimize pipe vibration
and tlange loading. Flexible connact « ns arc nOt recommended at customer connections because of the potential failure
hazard during operst on. All pipuwy must e < echancelly cleaned after welding and preserved to prevent rust The
day tank should be moumted iyh snuunh 1o provide rdequate suction at the enginedriven fuel oil booster pump
Drains should be provided at all low points and vents at il high points,



Instruction Manual 2.10

LUBRICATING OIL SYSTEM.

The Iubricating oil system is of the ary sump type which has a sump tank for holding the ol supply Ol is
circulated through the system by an engine-arven pump Reter 1o the ubncating ol piping schemat.c drawing
in the Drawings section of this manual for the speciic detals of the system. reative locat on of major
components. girection of flow. and notes relative 1o instaliation of the system

FLOW PRINCIPLE.

Pump suction draws the lubncating ol irom the sump tank and discharges * 1o the lubhio atng ot cogor Fiow
from the cooler is through @ lubncating o/l hiter and pressure Siraner 10 the engine » i hogde © A branch
line tram the strainer takes oil 10 the turbochargers Heturn is by gravity low rom the engine Luse to e tump
tank  Separate ines dwect return How from the turbochargers the sump tank A rolgt valve sot @t o
provides protection 10 the system and pressure reguiating valvls regulate the system prossure

KEEP WARM CIRCUIT.

A keep warm  Circut 18 provided Lo mantan tha lubnicating ol charge, and theraby e engine ir & warmed
and iubnicated condition when in the standby stalus  Heaters at the Sump 1ank warm the ol whch s then
pumped by (he keep- warm pump 10 the keep warm hiter And siraner and then 19 the mad enge o ublicahl §
ol header To prevent hooding of the turbochargers. there is no supply 10 the turbochargers i 1h 5 crcut The
lubricating o/ haater Ihermostat should be set at 150" F

PLACING LUBRICATING OIL SYSTEM IN SERVICE.

Betore the engine s frst slarted the assembled Iubrcaling oil piping Systom Mmus! be Ihgroughly Husnea w1
ol Disconnect the pipe 8! the pressure sira.ner inlet ano arrange a lemporaty bypats from the [ pe ' the
sump tank  The bypass will permit ol circulation Ihrough the pipes without Hiing the mtarnal lut o alirg oo
system of the engine  Several thickness of Cloth sack Should be secured 10 the outle! of the bybass 0 Sal

gebris a5 i1 s Nushed oul The sump tank and engine base must be thoroughly cleaned batore boma liliad Thy
aunihary lubricating ol pump, of any other Continuous duty pump o! suthclent capacity can be uned o pumpe!
guning flusting operations.  Fiushing shouid continue 1or 8t least eight hours f care wis esercime 1 @urng
tabncation of the system  As much as 24 hours of iushing may be required for @ difty sya'om When ol
crreulating INtough the system the pipes should be thoroughly pounded several imes with a "wavy hat et
19 lgosen @irt and debns MOt Hushing Ol will clean better Ihan coid ol Piping around the o Couof Ieguifes
special attentor 10 iInsure that the pipes and ol cooler are properly fushed Precauticny mus! be taxen 10
insute the sompiete removal of testhing Nude  water or other iquids belore altemphing 1o 'ush the canler

Engines may be receved with the siraner mounted on the enmne and connectad 1o the
engine lubncating ol header I 15 Cenan Ihal Ihe CONNBCHON, betwoen 19 sirgine: 4
the engine ol header have nol been diIsconnected since 1he engine left 1ho fattor, the
following paragraph may be omitted

Wonmw-w tubes between the angine (LDHCANNG O Neade! 4 d the Mam Beating: ar be! e i
neaders ANG auriary headers Secure @ e SCIeeN SUCH A8 8 NION SIOCKING Over BRCH Tuun Rewder thng 1o
calch debris that may be washed INTOuQh as the System s Nushed Cuver Migin Degnng MEngs and agan end:
of aunihary header laaders 1o prevent the entry of gt Engine oi Should be pumped thiough the Gpc o Syslen
for at leas! four hours 10 be sure that any loregn Matenal remaning in the headers s femoved Reassemble
iternal tubes ANd Drackets 4. requited

Auky. ag ’. ‘o
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INTAKE SYSTEM.

Each engine has an independent intake system, the combustion air being piped from outside the engine rcomn
through a remotely instalied air filter. An inline silencer is fitted in the pipe just ahead of the turbocharger air
inlet  The air filter protects the working parts of the engine from the entry of dust Filters should be cleaned a!
regular intervals 10 maintain adequate protection against abrasion and wear Refer 1o the piping schematic ir
the "Drawings section for connections, pipe sizes and relative locations of components

ou s 2'1 1
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EXHAUST SYSTEM.

Each engine is provided with an individual, independent exhaust system The water jacketed mult-pipe
passage manifold discharges directly into the engine mounted (turbocharger(s), and the gas then discharges
from the turbocharger(s) through exhaust piping and a silencer to atmosphere As few bends as possible should
be used when laying out exhaust piping. Necessary bends should be of long radius. If three 10 six bends are
used, the entire pipe should be increased to the next nominal size If more than six bends are necessary pipe
size should be increased two nominal sizes. The length of exhaust piping is not critical, however f an
unusually long pipe is used, the pipe size should be increased 1o reduce back pressure A length of flexible
metal tubing should be installed in the exhaust line as near the engine as possible to allow for movement heat
expansion, and for isolation of vibration. The exhaus! line should be lagged to minimize heat radiation in the
engine room. A separate support should be provided so the weight of the exhaust silencer and line is not borne
by the engine Refer to the piping schematic in the “Drawings’ section for connections, pipe sizes and relative
locations of components

o 2'12
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STARTING AIR SYSTEM.

The required redundancy of the starting air system is accomplished by utilizing two separate systems. Each consists of
a motor-driven air compressor, an aftercooler, an air dryer and two storage tanks. Each storage supply is then piped to a
solenoid valve which blocks the supply until a starting signal is applied. Check valves downstream of the solenoid valves
prevent back flow from one systemm to the other. When a start signal is applied, the solenoid valves open, admitting
starting air 10 the starting air header. Pilot air is provided through the starting air distributor which then sends timed
pilot signals to the starting air valves in the cylinder heads in the correct sequence and, as each starting air valve opens,
starting air is admitted to the combustion chamber of that cylinder, forcing the piston downward and rotating the
crankshaft. This system permits the engine to be cranked even though one supply system fails to operate Reference
should be made to the starting air piping schematic in the “Drawings’ section for complete details of the systerm,
including the relative location of components and installation notes

213
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Section 3
Engine Controls

GENERAL.

The control system is a electro-pneumatic network which provides the means for starting, operating and stopping the
unit from either a local or remote position. Local starts are manual while remote starts may be either manual or
automatic. The pneumatic portion of the system uses air as the control medium and utilizes pneumatic logic elements
as well as pilot and manually operated valves, regulators, transmitters, indicators and other pneumatic control devices
The electrical components include relays, timers, solenoid valves and pressure switches. The starting circuitry is redun
dant, designed to permit a start even though one portion of the starting system may fail to function properly

REFERENCES.

The Associated Publications Manual contains the 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 of the various logic elements as well as a parts breakdown and repair procedures. When ordering spare and
replacement parts for the system, refer to the Parts Manual for the correct part numbers.

DRAWINGS.

The drawings provided with these instructions include systam schematics, layouts and connections pertaining to the
logic board assembly, showing the location and orientation of the components on the board, the circuit diagram and
checkout procedures. Refer to the control panel group parts list 08-500 for 74010 in the Parts Manua/ for a listing of
drawings applicable to the system.

ALARM SYSTEM.

The engine is equipped with an aiarm system that provides a visual indication when certain abnormal conditions are
present. |f one of the alarm or shutdown sensors in the system is activated by an abnormal condition, an indicator on
the control panel is illuminated.

CONTROL PANEL (See Drawing 52070).

The engine control panel houses the components of the control system which are not engine or remotely mounted.
Access to the cabinet is through a hinged door in the back. The functions of the items on the panel are generaliy self
explanatory.

OPERATION.

The engine may be started in the manual mode, either locally or from a remote position, and automatically from a
remote position only. The mode selector switch on the engine control panel has three positions, LOCKOUT, REMOTE
and LOCAL. When the mode selector is in the LOCKOUT position, a 60 psi air signal is applied to Port 5 of the Shut
down Logic Board (1, Dwg. 52071) and also locks the engine out by applying a 60 psi signal to line E-B9, causing
the shutdown cylinder (16, Dwg. 52075) to extend and prevent fuei rack movement. When the mode switch is in the
REMOTE position, the engine may be manually started by actuating the remote manual pushbutton, ana the LOCAL
mode position permits starting from the engine control panel. Automatic starting rmay be accomplished with the mode
selector in either LOCAL or REMOTE.

LOCAL MANUAL START (See Drawing 52072).

When the mode selector is in the LOCAL position, actuation of the local start pushbutton on the engine control panel
will cause relays R4 and R7 to energize, closing their normally open contacts. At the same time, time delays TD1 and
TD2 commence timing. Relays R4 and R7 energize solenoid valve SOL-3 which then supplies a 60 psi signal at Port 12
of the Shutdown Logic Board, 1A-5907 (1, Dwg. 52071) and there is an output from ports 2, 9 and 10 of the board.
Relays R4 and R7 also energize solenoid valves SOL-1 and SOL-2 which admits starting air to the header on the engine
(14, Dwg. 52075) and the engine cranks. Starting air is reduced to 60 psi by a relieving regulator (10, Dwg. 52075)

DSR-74010/74012 3'1
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No. Premure Contacts Function
PS3 35 psi felling N.O. Low lubricating oil pressure
PS4 20 pwi falling N.O. Low turbocharger oil pressure
PS-5 15 psi falling N.O. Low fuel oil pressure alarm
PS-5A 25 psi rising NC Fuel o1l boost pump control
PS6 12 psi falling N.O. Low jacket water pressure alarm
PS-7 210 psi talling N.O. Low starting air pressure alarm
PS8 50 psi falling NO Start permit
PS8A 50 psi falling N.O. Start permit
PS-9 45 psi falling N.O. Low lubricating oil pressure shutdown
PS-10 45 psi falling N.O. Low turbocharger lubricating il pressure shutdown
PS-11 45 ps: falling N.O. Unit locked out
PS-12 45 psi falling N.O. High lubricating oil temperature shutdown
PS-13 45 psi falling N.O. High jacket water temperature shutdown
PS4 45 psi falling NC. High crankcase prassure shutdown
PS-15 45 psi rising N.C. Engine shutdown
PS-16 | 45 psi rising N.O. Overspeed shu tdown

Table 3-1. Pressure Switches

No. Function Cperated by
SOLY Starting air admission R3, R4 R6 or R7
SOL-2 Starting sir admission R3, R4 _R6 or R7
SOL-3 Manual start R4 or R7
SOL4 Stop Stop pushbutton or remote signal
SOL-5 Lockout Mode selector switch
SOL6 Shutdowr deactivate R3 or remote signal
SOL-7 Shutdown desctivate RE or remote signal

Table 3-2. Solenoid Vaives

No. Time Contacts Function
TD! 3 sec INC Provides power to R4 until it times out
TD2 3 sc INC Provides power to R7 until it times out
TOD3 60 sec 1 N.O. Provides power 10 R2 and R2A after it times out.
TD4 30 sec 1N.O. Resets R1 upon timing out.

Provides Fail To Start indication.

DSRA- 74010/ 74012

Table 3-3. Time Delays
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No. | Contacts Function

R1 4NO. Provides power to terminal 18 of SS2A
Provides power 1o TD3 and R1A

Power 10 fuel booster pumg (auto mode)
Power to crankcase fan and hour meter

R1A| 6NC Activates ovrspeed shutdown

Activates high lubricating 0:/ temperature shutdown
Activates high jacke! water temperature shutdown
Provides power to B&A pump (auto mode)

Provides power 10 J. W. keep warm pump (auto mode)
Provides power 10 circuit breaker trip

R2 ENC Activates low lubricating ol pressure alarm

Activates low turbocharger lubricating oil pressure alarm
Activates low jacket water pressure alarm

Activates low flow raw water alarm

Activates low fuel o1l pressure alarm

R2A | 3INC. Activates low lubricating oil pressure s™utdown
Activates low turbocharger o/l pressure shutdown
Activates high crankcase pressure shutdown

R3 4NO. Energizes SOL-1

Energizes SOL-2

Provides power to SS1

Prowides latching power to R1

A4 4NO. Energizes SOL 1

Energizes SOL-2

Energizes SOL-3

Provides latching power 1o R1

RS 1NO. With RB provides power to Control Power ON light
R6 4NO. Energizes SOL -1

Energizes SOL -2

Provides power to $52

Provides latching power to R

R? 4NO Energizes SOL 1

Energizes LOL 2

Energizes SOL-3

Provides latching power to R1

I1NO With RS provides power 10 Control Power ON light

1NO Power to Remote Alarm

Table 3-4 Relays

and applied to a Timer/Not Logic element (19, Dwg. 52075) which emits a short pulse which momentarily actuates
a four-way valve (18, Dwg. 52075). Control air pressure is momentarily applied to the fuel limiting cylinder, extending
that cylinder to limit fuel rack movement. This puise s also applied to the spring side of the fuel rack shutdown
cylinder to insure it will be in the fully retracted position. Starting air is also applied to the pilot of a three - way valve
(5, Dwg. 52075) and through a shuttle vaive (9, Dwg. 52075) 1o the pilot of another three-way valve. Crankcase pres-
sure signal is removed from the high pressure trip (4, Dwg. 52075) and the trip vent is blocked. Pressure from con
nection E-68 then builds through the three-way valve back through the shuttle valve, locking the valve in the no vent
position. After approximately three seconds, timing delays TD1 and TD2 time out and solenoid valves SOL 1, SOL 2
and SOL-3 are de-energized to stop cranking. This also removes starting air pressure from the pilot of the three way
valve and from the shuttle valve. The three-way valve shifts, but by this time crankcase pressure has been reduced and
the high pressure trip (4, Dwg. 52075) will not vent. The high crankcase pressure upon starting is caused by the venting
of the engine’s air start valves into the engine.

REMOTE MANUAL START (See Drawing 52072).

When a manual start is initiated from the remote position, the control circuitry functions the same as during a local
start.

DS 74010/74012 3-3
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REMOTE AUTOMATIC START (See Drawing 52072).
When & remote automatic (emergency) start signal is applied to the engine control system, the following takes place

a.  Pressure switches PS-8 and PS-BA are closed (provided there is a minimum of 150 psi starting air pressure
available), and, as the engine is below 200 rpm, switches SS1A and SS1B are closed. This permits the start signal to
energize relays R3 and R6.

b.  When relays R3 and R6 are energized, their normally open contacts close and the relays are latched in until
the engine reaches 200 rpm. Relay R1 is latched in and solenoid valves SOL-1 and SOL-2 are energized, admitting
starting air to the engine.

¢.  The engine cranks and when it reaches 200 rpm, switches SS1A and SS1B open, solenoid valves SOL -1 and
SOL-2 are de-energized and cranking stops.

d.  When relays R3 and R6 were energized, solenoid valves SOL-6 and SOL-7 were energized. This locks out the
safety shutdown system, however, the annunciators on the control panel remain operative because only the shutdown
ability is inhibited in the logic board.

e Relay R1 provides a signal through switch SS2A to energize relay R10 and the field is flashed. Timing delay
TD-4 starts timing. When the engine reaches 430 rpm, switch SS2A opens, field flashing stops and TD-4 stops tming

AUTOMATIC SAFETY SHUTDOWN SYSTEM.

During manual operation of the engine, it is protected by an automatic safety shutdown system which senses certain
operation conditions. When a sensed condition reaches a pre-determined point, the system initiates an automatic shut-
down sequence. There are other conditions which are monitored and which will alarm if they reach their alarm point,
but will not shut the engine down. During automatic remote (emergency) operation the shutdown system will not
function, but will give a visual indication of an alarm or shutdown condition if one should exist. Shutdowns are placed
into two groups. Group | shutdowns are those which must be “30" in order to start. Group |l shutdowns are those
that would be in a shutdown (venting) condition until the engine is running. The Group Il shutdowns are locked out
during engine starts for a fixed time period. The Shutdown Logic Board, 1A-6807 (1, Dwg. 52071) functions to
provide the necessary shutdown signals to the engine and, when operating in the remote automatic mode, provides
the means for preventing the engine from shutting down while still giving panel indications of an existing shutdown
condition. During a start, Port 12 of the board is momentarily pressurized which results in an output from Ports 2, 9
and 10, and 60" seconds later an output from Port 3 and loss of output from Port 9 Ports 2 and 10 pressurize the shut-
down sensor circuits. If an unsatisfactory condition should develop which would trip one of the shutdown sensors
there will be a lots of pressure at either Port 10 or Port 2, resulting in an output from Port B. This pressure is trans
mitted through a shuttle valve (15, Dwg. 52071) to connection E-89, through another shuttle valve (9 Dwg 52075)
and an orifice to extend the shutdown cylinder (16, Dwg. 52075) and the fuel racks are moved to the “No Fue!”
position, shutting the engine down. A shutdown due to engine overspeed is accomplished in a different manner. Ay
pressure supply at 60 psi from connection E-53 (see drawing 52075) passes through an orifice, and as the overspeed
trip valve (2) is blocking flow, the pilot of a three-way valve (5) is pressurized, venting the valve. Actuation of the
overspeed trip valve (2) will vent this pressure, the three-way valve will shift to allow E-53 pressure to extend the over
speed shutdown cylinder (15) and the fuel rack shutdown cylinder (16). An air butterfly valve in the intake manifoid
closes, cutting off combustion air flow, and the fuel racks are moved to the “No Fuel” position. The engine stops as
no fuel or combustion air is allowed to enter the combustion chambers. During emergency operation in the remote
automatic mode, solenoid valves SOL-6 and SOL-7 are energized, allowing 60 psi air to be applied to Port 7 of the
Shutdown Logic Board. This blocks output from Port B and there will be no shutdown signal. Shutdown indications,
however, will still be displayed on the contrul panei to inform the operator that an alarm or safety shutdown condition
does exist. Overspeed and generator fault protection are still retained, however.

*Tolerance 18 plus or minus 5 seconds

DSA 74010/74012 3-4 a1 ve
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NORMAL STOP.

Momentary actuation of the stop pushbutton on the control panel will energize solenoid valve SOL-4 which then
applies a 60 psi air signalto port 11 of the Shutdown Logic Board. There is an output from Port 8 and the engine s
shutdown in the same manner as during an automatic safety shutdown Generator fault. through relay contacts
of 86 P, perform the same function

AUTOMATIC SWITCHOVER LOGIC (See Dwg. 52080).

The full flow lubricating oil filters and strainers are equipped with an automatic switch over system which
transters from the operating filter or strainer to the reserve filter or strainer when the differential pressure across
the operating unit exceeds a preset limit In addition to referenced drawing, see drawirgs 100404 anc 61-500-
5663 in the “Drawings” section of this manual. Inasmuch as the switchover system used on the filters ana
strainers is identical, the following describes that used on a filter only for sake of clarnty

a Flow through the lubricating oil filters is determined by four-inch ball valves at the inlet ang outie’ of
the fiter These valves are ganged together with a maintained position actuator. Both valves rolate
simultaneously when a transfer signal is received. The actuator will rotate as long as the transter signal s
maintained.  Upon loss of the transfer signal, the valve remains in its last position

b The transter signals are delivered 10 the actuators by the Automatic Switchover Logic Assembly
When the system is initially pressurized, control air flows through the shutoff valve (6) to the "b" ports of the two
NOT logic elements (4), then out the “c” ports of the elements 1o the selector switch then to both sides of the
valve actuator. Since both sides of the actuator is pressurized, the valve remains in the same position

¢ Control air also flows through orifices (3) to differential setpoint valves (1), accumulators (2) then to
the “a’ ports of the NOT elements (4). When this pressure builds to approximately 45 psi the NOT elements
vent, and the pressure to the valve actuators is lost Filter selection can now be made by the manual operator
Care must be taken to insure the valve operator assembly is fully transferred before the signal is released

d The system is now ready to automatically transfer 1o the other filter When the pressure differential
across the filter in use exceeds 20 psi, the ditferential valve (1) shifts and the pressure on the “a’ port of the
NOT element is vented. The NOT element now has an output at port "¢ which is directed through the selector
1o the actuator and the actuator moves the ball valves 1o place the standby filter into operation This signal s
maintained until the differential pressure valve (1) spring return resets the valve. permitting air pressure 10
build in the accumulator  When the accumulator is charged, the NOT element is vented and the pressure on
the actuator i1s released

3-5
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SECTION 4
ENGINE OPERATION

GENERAL.

if the engine 1s being started for the first ime, remove any preservative maternals that may have been applied
to the control and exterior surtaces of the engine. Rust preventive which has been sprayed inside the engine
will mix with the lubncating ol without causing contamination To reduce the amount of preservative
abscrbed by the o1l charge, however. it may be desirable 10 wash and clean the intenor surtaces of the engine
betore circulating oil for the first time Do not attempt to wash connecting rods. crankshatt or pistons as th
may deposit airt between the bearnng surfaces The following inspections and checks are recommended
prior to starting the engine for the hrst time, or after a long shutdown or major overhau

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

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

¢ Check lubricating oil strainers and filters for cleaniiness and proper assembly
d Check that lubncating ol and cooling water systems are clean and filled to the proper leve
e Check starting ar system for cleaniiness and absence of moisture

t  Check all control inkages for proper adjustment and freedom of movement Verify that all tasteners
are properly ightened

@ Chneck crankshaft web deflections and thrust clearance (See Section 6 Part D)
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CLEAR CYLINDER CHECK

An essential part of the pre-start procedure i1s (0 check for the presence of water in the combushon chambers
and the intake air manifold In any water cooled engine there is some possibility of internal water leakage This
may be from the internal passages in the engine. the intercooler(s). or from the turbocnarger(s) Other possible
causes of water leaks include improper maintenance or repair procedures, faulty installaton or improper
handling during shipment and storage Aithough the presence of water in a combustion chamber. or the intake
manifold in any significant quantity 1$ a rare occurance, the consequence of such a condit:on can be serous
If the engine is cranked with full starting air pressure. and with water in one or more Combustion chambers.. or
in the intake air manifold. the result may weli be serious damage 1o the cylinder head and/or block Theretore
it 15 essential that the cylinders and intake manifolds be checked and aetermined to be free of hgquias pror to
a start This check may be consigered mandatory when starting the engine for the first ime after instaliation

or aiter a long shutdown or major overhaul. or whenever the engine has been snut down anad allowed 1o Coo

for eight hours or more For maximum protect:on, it is strongly recommended that the check be performed
pefore each engine start It is recognized that this may not be practical in installations where remaute or
unattended operation are a part of the design therefore, in these cases the status of tiuid systems and pressure
vessels should be regularly monitored to mimimize the nisks of water leakage problems The engine should
not be rolied on full starting air pressure until such ime that t has been determined that there i1s nc quid
in any of the combustion chambers Barring the engine over '0 determine this is satistactory Brietly the
procedure for checking to determine that the combustion chamber and the intake manifoid(s) are free of
moisture involves the following sequence of actions

a Open indicator cocks on all cylingers

b Check for presence of water in the intake arr manifold(s) Striking the siges of the manifold with
a mallet and histening to the sound i1s one method of doing this  If water is detecteg the source must be
tound and the condition corrected betore proceeding

¢ Place Stop/Run valve on the engine in the STOP position This will prevent fuel admission to the
engine during the subsequent steps

g Bar the engine over slowly with the barring device for two complete revolutions of the cranksnaft
Caution

It any resistance to free turning is encountered stop cranking and determine cause
vetore proceeding

e Check all ingicator cocks for presence of maisture If any hquid has been ejected from any coces
the source must be found and the defect corrected before proceeding

f  Roll engine two complete revolutions on starting air then again check all indicator cocks tor presence
ot moisture It all clear. proceed

g Ciose all indicator cocks
n  Place Stop. Run valve in RUN

Wy WA 4-2
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SAFETY PRECAUTIONS.

Of all the rules of safety, 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 an instant it not controlled The 1ollowing
standing rules of safety should be observed al all imes when operating the engine. as well as those required
by the owner and operator, governmental regulatory agencies, and the dictates of good common sense

o a 0 o o

Q -

(s}

P

Keep area around engine and associated components clean and uncluttered at all times

Do not store tools or parts on platforms or engine

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

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

Never run a generator set with the swilchgear doors open

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

Know the top turbocharger speed. and observe it

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

Never take hinng pressure on a detonating engine

Never run with the oil system pressure over 90 psi

Use guards around all rotating wheels and shafts

Never expose the hands 10 injector pop spray

Never run an engine if a dangerous condition 1s suspected. Stop first, then consult a supervisor

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

the owner s regulalions

q

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

4-3
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| 1=REMOTE |

| 2=PANEL |
| 3=ENGINE |
| POSITION |

CONTROL/INDICATOR | 4=0THER

1. | ANNUNCIATOR TEST | 2 | DEPRESS | Depress pushbuttons inl
PUSHBUTTONS | | | uence to test bulbs|

a. TEST | | | and annunciator func- |

b. SILENCE | | | tions. Replace bulbs |

C. EDGE | | | 1f necessary. |

: . RESET | [ | ~ :
| 2.1 ANNUNCIATOR LAMPS | 4 | OFF | All lamps should be I
| | | | | off, If an{ lamp 1% |
| | | | | stop status check |
: | | | | unhl defect corroctoc:
| 3.1 STARTING AIR | e | 220-24@ | Normal range. |
: | RE | | PS1 | :
I 4.1 LUBRICATING OIL | 2 I 10-20 | Normal range. |
: | RE | | P81 | :
I 5.1 JACKET WATER | 2 I 10-20 | Normal range. I
: | | | PS1 | :
| 6.1 FUEL OIL PRESSURE | e | 1ERD | Not pmsuriud in |
: | BAUGE | 1 PSI | standby mode. :
I 7.1 COMBUSTION Ml | 2 | 1ERO | Not pressurized in |
| | PRESSURE GAUGE | | 1 | standby mode. :
| - - - - - prp— PPN E—— - - ——
I 8.1 TUMMRBER QIL | e | ZERO | Not pressurized in thel
: | PRESSURE GAUGE | | 1 | Standby Mode. :
I 9.1 RAW WATER | 2 | ZERO | Not pressurized in thel
: | PRESSURE GRUGE | 1 P8I | Standby Mode. :
118. 1 "AC POWER" | 2 | ON | Makes AC power |
: | SWITCH | | | available. :
111. 1 "DC POWER" | 4 | ON | Makes DC power |
| | SWITCHES | | | available. |
| =——— e e e e e |
:12.0 ENGINE HOURMETER | 2 | VARIABLE | As occurring. :
:13.| ENGINE TACHOMETER : e : 1ERO : |
|

[ o o e e O -
114, | T&R%g.ﬂ. | -4 | ROTATE | Rotate and observe |
| | SELEC SWITCH | | | temperature readings. |
| | | | | Cylinders should read |
| | | | | at ambient and fluids |
| | | | | should be i1n "keep~ |
: : : : : warm" status, [
----------------------- - - - ]
115, 1 "CONTROL POWER" | 2 | ON | |
: I LAMP | | | |
....... - - - [ pp—————— l
116. 1 START wmnunou I 2 | DO NOT | |
| | | | DISTUREB | |

DSR-74010/74012
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| i= TE
| L
NG INE

11 |
€ | . :
M | CONTROL/INDICATOR | A=OTHER
7.1

|

|

|

:

| POSITION | :
|

I

|

= T iy rrrr e R R R D DD R Rl Ll b b b bbbl b
17. CONTROL | 2 | NOT |
gﬁ&o | : B?lrun :
|

o e |
118. | MODE SELECT | e NO | Unit should be in the |
| SWITCH | DISTURE | REMOTE control. |
[ o o B |
119. | STOP PUSHBUTTON | 2 | NO |
| | DISTURB | :

' .....................................................................
120. | FUEL OIL BOOSTER | e | AUTD | Status lamps will show!
| | PUMP SWIT | | current operating |
: | | | status of pump. I
..................................................................... |
I21. 1 FUEL OIL TRANSFER | 2 I AUTD | Btatus lamps will show!
| PUMP #1 SWITCH | | | current operating |

: | | | | status of pump. :
122. 1| FUEL OIL TRANSFER | e | AUTO | Status lamps will show!
i | PUMP #2 SWITCH | | | current 3900-“ ing |
: | | | | status o :
Q 123. | LUBE OIL KEEP | e I AUTD | Status lamps will show!
| | | | | current operating |
: | HEATER SWITCH | | | status of pump. :
I24. | JACKET WATER KEEP | e | AUTO | Status lamps will show!
[ | WARM PUMP AND | | | current operating |
: | HEATER SWITCH | | | status of pump. |
---------------------------------------- - - -
1285, | AIR COMPRESSOR [ ¢ | AUTO | Status lamps will show!
| | #1 SWITCH | | | current operating |
: | | | | status of pm :
126. | AIR COMPRESSOR | e I AUTO | Status lm will show!
| | %2 SWITCH | | | current goout ing |
: [ | | | status o :
127. 1 JACKET WATER | 3 | CHECK | Add make-up water as |
| | STANDPIPE [ I LEVEL | uired, |
| | | | | 1 If apnormally |
| | | | I large amount of jacket|
| | | | | nnr hat been consum- |
| | | | | investigate cause |
| | | | | h*on proceeding, or |
| | | | | serious damage may |
' | | | I occur, :
l .................................. - - -
127. | BARRING DEVICE | 3 IDISENGAGED | Ver:ify. |
| | I& LOCKED | |

|

126, | BOVERNOR DIAL | 3 | | V.ﬂf{ that fielo |
| | | sstablished mtmn |

: a8 SET : ..rm“ in 1n eff oet.. ) :

- ner-n 14

| 1 | u?m 3“ |

| | refence |

| | |

| | |

DSR-74010/74012 4-5
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-

OPERATION: PRE-START PROCEDURE :
11 | TE | |
| | |
E | NE | |
M | CONTROL/INDICATOR | 4=0THER | POSITION |

1.1 93'0”
| “STANDBY MCDE
| STATUS CHECK"

| 2. | MODE SELECY
| | SWITCH

|
|
|
|
1T
|
|
|
|
|
|

4| 8&““! INDICATOR

l 3

See checklist,

|
|
|
A NN S NSNS SN NS SIS S NSRS NE S SRR ESE e |
|
|
!

Check for pr nce of |
water 1n manifold, |
Insert rod into drain |
to clear any blockage. |

1f not oqu:eaod with |
graincock, tap manifold
with aclllt to checx |
for presence of water, |

5. | BARRING DEVICE

3

——————————— —— - ——————— ] ——
—————————— ————————————— —

} 6.: INDXChTOI cocns
|
| |

3 CLOSE |

|
: 7.l mm. DEVICE

| 3
| 1§ LOCK |

l’r engine over llOulyl
If there 1s ."l rosxo-!
tance to free turning
stop bcrr:n and ehoe&n
eyl icator |
eoehi or oJoetxon of |
liquids. If no resis~ |
tance 1s encountered, |
tinue borrtn over |
or two compl , |
revolutions. Then l
check cylinder cocks

B i qdé.;éi'

After successful test, |
close indicator cocks |
at all cylinders, |

- o

Lock out barring
device.

Ql!ur? to Q(IOT! |
mode for starting. |

PSR-74010/74012
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' ..... - - .
| OPERATION: TEST STARTS |
. - - - ———— - - —. - '
1 11 M | | |
P T | | |
B % | | |
| M | CONTROL/INDICATOR I 4=0THER | POSITION | |
l-....I.....-.....-......'-...-....-.l.-.-..-.-..l....ll.Il....-.-lal‘
| 1. SELECY | “ ﬁ% elect desired suncml
| | SWITCH | lOR TE l or control. '
'--------Q- ..........................................................
| 2., ! START DUSHIUTYON | 2 | DEPRESS | Initiate start 'ron |
| | | | | station selecte |
| | I | | previous step. oprnsn
| ! | | | pushbutton montanlyl
| 3.1 ENGINE HOUMTER | e | VARIABLE | Activated. :
| e e 0 0 0
| t.l ENGINE TACHOMETER | e | :8: | Observe acceleration |
: | | | to ra!od speed :
| 5.0 FUEL OlL DQCS.UR! | 4 | 20 - 3 | Rour to Appendax VII |
: GRUGE | | PSI S5 |
-~ - - -————————— - |
IG.I L) | e | e - | Refer to Append VIl |
c 3% GhUGE | o e | . o SE—— .
[ - - - - -
1 7.1 LUIRXCMIN oIL | e | 5@ ~ 68~ | Refer to Appendix VII |
|| PRESSURE GAGUE | | TPBI 6o g AR
- - - - ——— - '
. | 8. | TURBOCHARGER OIL | 2 |00~ @B= | Rofer to Appondin VIl |
: [ pnnuu GAUGE y | PS5 P8I ',u :
I 91 ON AIR | e i -NIL t. |
N | ¥ig ¥ {vee doii,
--------------------------------------- - ——— - ----—.
110, | RAW uMEl | 2 | | System dependent. I
|| PRESSURE GAUGE | u )
---------------- ---------------------------------------------_----_--.
111, | THERMOCOUPLE | e I ROTATE | Rotate and observe |
: I SELECTOR SWITCH | | | u-nuwn rou:nns. |
.................................................................... .
11a. ! m;o CONTROL | e | RAISE or | Use uneh to control |
| | SWITCH | I LOWER | ’:24" speed during |
: [ | | mg omat som. :

¥ Retf E&DCR F-4561)
wid Ref ESDCR F~44795A

DSR-74010/74012 4-7
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| m———— - B ——

| | | | | loaqu operations,

| | | 1=REMOTE | |
| 4 | | OSSNEL | |
| E | | NGINE | |
| M | CONTROL/INDICATOR | 4=0THER | POUSITION |
. -...I.-...l.l-.....-..'..-...ll.-..-.I‘.--..---.-...--.--lI.-ll sEms==2)
| 1.1 AUTOMATIC START | 1 | CONTACT | Emergency start 1s |
| | | | CLOSURE | imitiated due to the |
| | | | | closure of the owner's|
| | | | | remote contacts. Urit |
| | | | | will start and come up!
| | | | | to rated speed and |
| | | ! | voltage with no oper- !
: | | | | ator action required. ;
: 2.1 ENGINE HOURMETER | e | VARIABLE | Activated. :
I 3.1 ENGINE TACHOMETER | e | ag: | Observe acceleration |
: | | | | to rated speed :
: 4.: FUEL OIL PRESSURE | e : 20 -l. : Refer to Appendix VII :
35 %
|mmmemm————————————————— - e m———————————— _—
| 5.1 JACKET WATER | e | 4@ - 30 | Refer to Appendix VII |
: | PRESSURE GRUGE | pow-PSI | :
| 6.1 LUBRICATING OIL | e I 5@ - 55 | Refer to Appendix VII |
: | PRESSURE GAGUE | | PSI 45k
..................... - --—— R — e
I 7.1 TURBOC R OIL | e | €8 - €5 | Refer to Appendix VII |
: | onsseuu I I 25 P8I 158%
................................................................... |
| 8.1 cmnou AIR | e I 1.5 - 20 | Load de ndont. I
| | PRESSURE GAUGE | ™ - .
-------------------------------------------- - ———— . 2 2 2 2 |
I 9.1 RAW HM’ER | e | | System dependent. |
: | PRESSURE GAUGE | | | |
...................................................... -
110. | TKR‘%&D\. | e | ROTATE | Rotate and observe |
: | SELEC NTTCN | | | temperature readings. |
- ——————_———— R PR—— ‘
111, ! SPEED CONTROL | e | RARISE or | Use switch to control |
i | SWITCH | | LOWER | engine speed during :
|

Ref ,E&DCR F=456133
** Ref. E&SDCR F=-44795A

DER-74010/74012 4-8
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| OPERATION: STOPPING PROCEDURES :
' ...... A ————————————— M
P11 | 1=REMOTE | | i
o 8 | 2=PANEL | | |
' & 0 | 3=ENGINE | | [
| M | CONTROL/INDICATOR | 4=0THER | POSITION | |
| N RS ESE EE EE EEEEEEErESSISSECEESTIEESTIIEETIZIRTIZTET |
: l.: NORMAL STOP : : : :
| | a. STOP PUSHBUTTON!I 1 or 2 | DEPRESS | ﬂgply stop signal from|
| | | | | station 1n control. |
| | | | | Note that load should |
| | | | | be removed, and the |
| | | I I on’mo allowed to cool|
| | | | | before a stop signal |
: | | | | 1s applied. :
: 2. | EMERGENCY STOP | : : :
| |
| | If engine fails tol | | |
| | stop when the | I | |
|| ettt | : : :
appli perform

I | one of the follow| I | |
| I ing: | | | |
| | | | | |
| | b. OVERSPEED TRIP | 3 |  TRIP | Manually trip over- |
| : : : : speed device. :
[

| | ¢. STOP/RUN | 3 | STOP | Manually push valve tol
: : VALVE : : : stop position, :
| | d. FUEL RACKS | 3 | PUSH | Manually push fuel |
| | | | | racks to the no fuel |
| | | | | position. Hold rack |
: | | | | until engine stops. |
DSR-74010/74012 4-9
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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 fuel
and spark ignited engines have become a part of the Transamerica Delaval “"Enterprise” engine. Each engine undergoes a
thorough testing program and inspection procedure before shipment. Transamerica Delaval does not recommend the
type of progressive maintenance system used by railroad maintenance shops, nor is any specific time interval between
major averhauls or cylinder head valve reconditioning recommended. Experience and local operating conditions must be
the final determining factors as to the actual frequence of upkeep, overhaul and repair actions.

MAINTENANCE PRACTICES.

To give the engine the longest useful service life with the least amount of down time for unscheduled maintenance or
repair, it is necessary to have a program in effect to keep the equipment clean, 10 inspect it regularly, 1o 1ake the neces
sary preventive maintenance actions, and to keep the records of the operation and other useful information

a If the engine and other equipment 1s kept clean, it will be easier to make a good and complete inspection. It
will also keep dirt out of moving parts and thus reduce wear. It will also provide a good indication of how well the
equipment s being taken care of in general

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

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

PERFORMANCE CURVES.

The majority of engine problems are preceeded by some change in the operating data, however, these changes may be
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 technigue 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 be
taken and recorded each day unde the same load conditions. The load should be selected according to average operating
conditions, and should be withini the 75% — 100% load range. The following illustrations provide an example ot how
the data on performance curves can be used in planning future maintenance actions.

5A1
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PART A — PREVENTIVE MAINTENANCE (Continued)

4
!
: Tempersture
% Pressure
g
TIME (Deily and Monthly Summaries)
a If lubricating oil pressure starts to decrease, but the lubricating oil temperature remains constant, this would

indicate that bearings are starting to wear 10 excessive clearances, that the lubricating oil pump is wearing excessively,
or that the relief valve is not functioning properly. It could also indicate excessive fuel dilution. If lubricating ol
pressure starts 1o decrease while the lubricating oil temperature rises, it might indicate that the heat exchanger equip
ment is plugging up

WARNING

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

W ™

TIME (Daily and Monthiy Summaries)

LO.

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 @ leak in the lubricating oil cooler This can be checked by looking for evidence of oil in the cooling system

24
; i <
0 4 /

4

> 4
£

2 94

TIME (Dally and Monthiy Summaries)
c If crankcase vacuum starts 1o 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

5A2
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PART A — PREVENTIVE MAINTENANCE (Continued)

d If jacket water temperature starts to rise, it could mean that the jacket water cooler is starting to foul It
must be remembered, however, that the temperature control valve starts to open five degrees farenheit before the set
point. This means that the controlied outlet temperature may vary 15°F, depending upon ambient conditions. If inlet
temperature starts to drop, indicating a greater temperature differential across the engine, it could mean one or more
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

5A3
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PART A — PREVENTIVE MAINTENANCE (Continued)

OPERAT

ING REPORTS

A record should be maintained of the conditions of engine operation, and in the case of an engine/generalor se!

the generator as well This record may be kept in any form which proves to be suitable 10 the owner for his
purposes, however it 1§ recommended that as a minimum the following conditions be recorded

a Load (%)

b Engine Speed

¢ Crankcase vacuum reagings

d Fuel pump rack positions (mm settings)

Temperatures

(1) Ambient ai

(2) Intake ar mandold
(3) Lubricating ol

(4) Cooling water

(5) Exhaust (cylinder and stack)
Pressures

(1) Ambient air

(2) Intake air mantold
(3) Lubncating ol

(4) Fuel

Transamerica Delaval Forms E-276 and E-277. copies of which follow, are available for this purpose. and may
be ordered from the Parts Department Form E-276 proviced for a daily recording of data. and Form £ 277 15

designed
engine in
operaton

10 provide a penodic summary of the daily reports Due 10 the normally imited operating hours of ar
nuclear standby service, the frequency of observations will, of course, depend upon the frequency of

5-A-4
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Figure 5-A-1  Dady Operating Report. Form £-276
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Figure 5-A-2 Penodic Operating Report, Form E-277
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Instruction Manual 5-B-1

PART B — SUGGESTED MAINTENANCE SCHEDULES

GENERAL.

The maintenance schedules outlined on the foliowing pages are those recommended as an acceptable means
for maintaining the engine in peak operating condition Operating experience and the particular needs of 1he
owner may indicate the need for additional inspections Inspection intervals used are considered to be generally
ideal, but operating experience must be used to decide the ultimate suitabity of the suggested schedules
Where expernence indicates more frequent inspection of a particular part or system 1s needed, th.e time interval
between inspections should be shorened

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

a DAILY — Operations which are to be performed un a daily basis, mdependent of engine operating
hours

b WEEKLY — Operations whicri are (0 be performed weekly, regardless of engine operating hours

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

d ANNUAL/EACH PLANT SHUTDOWN — Inspections that should be performed on an annual basis
or at plant shutdown for reactor refueling The interval may be adjusted 10 meet plant shutdown schedules

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

f FIVE YEARS — To be performed at the nearest plant shutdown penod prior to a five year interval

INSPECTIONS GUIDES.

The recommended maintenance actions are listed on Inspection Guides. divided into inspection intervals
The guides are further separated by component groups such as the diesel engine, electrical components
auxihary equipment, etc References are provided 1o direct the user 10 the sources of information needed 1o
assist in performing the maintenance actions In addition to those maintenance actions listed on the individual
guides. all external pans of the engine should be frequently feit by hand. particularly during the first few hundred
hours of operation 10 detect any excessive temperatures on heads and crankcase side covers

LAL LN M) 6’" ’



Instruction Manual 5-B-2
PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

"INSPECTION GUIDE "Frequency DALY N
{Componcnt Group: Diesel Engine i - L j

{ Special Conditions: None

item

Reterence

—— .

| Observe and record 'ubrncating ol and jacket water
temperatures (keep warm purmps running)

! .
| Drain ali low point water col'lectors, —¥- -skawaers and an
| receiwver tanks in starting air system

Check engine and auxiliary equipment for cil. water and tuel
oil leaks

Check leve! of lubricaung oil in sump tank Add oil as needed!

Check level of iubricating oil in governor and pedestal bearing |
Add o/l as needed ;

Check fuel o1 pump rack for treedom of movement through
tull imit of travel Do not disconnect from governor

Check turbocharger bearing lubricating system sight jlass
! for o flow

Drain water from crankcase vent piping drip legs

verity all contro's in pioper posttion for standby !

I Checx all governor knob settings

Load Maximum
Droop Mag-point Zero
Speed To provide mechanical governor

control atﬁe rpm

i

| *1f water is found, drain air start system "Y"
Refer to Note 1 on page 5-314.

Strainers.

%% Ref. EAMDCR F-464043A

5-8-2

LELPILTE

i

|

|
Instruction Manua! Secticn 6. Part | .L"bt

Instruction Manua. Section 6 Part K

Associated Publications Manua!
See assembly drawings in Parts Manua'

Instruction Manual, Section 6 Part K

Instruction Manua! Section 4

Associated Publications Manua!
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Instruction Manual

PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE

Frequency. WEEK_CY

Component Group: Diesel Engine

3

1

|
w— ——————————————

1

| Special Conditions.

None

Re'ev;nce

Turn on electrical fuel oil booster pump for a short time and
circulate fuel through system Check strawers for clean fuel

strainers & filters

*Ref.

R AN 8

EA&DCR F-46404A

|
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5-B-4

PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE Frequency. MONTHLY or EACH EXERCISE TEST

Component Group: Diesel Engine

Special Conditions: MONTHLY. or each test, whichever comes first

| ftem

|
|

i

Ciean and insect "Y' strainers in starting air system 3

Check lubricating nil hiter pressure differential If 15 psi or
more. clean or replace element

-

inspect #nd clean arr hiter in starting air awstributor <
Orain water ane ' sludge from lubricating ol full flow hilter

It dirlerential pressure indicates (15 psi or gieater), clean
or replace strainer screens in fuel oil and iwbricating oil
pressure stramers

Check lubrnicating ol with a viscasimeter for fuel oil dilution
Send a sample of ol to laboratory for analysis

Check pH factor of acket water Correct as recommended
by chemical supplier. Hocummended pH is 826-0or 9 75 -

9 - 0"’ 10 5 *
Check ar buttertly vaive(s: » infake maniold tor freedom of
mavement LubncCalc as necessary with automotive type
whee! beai i) grease Check may be done manually by

discon::ecung linkage or by applying 60 ps: air 1o the |

actua'ing cy ingar

Check tube and shell "1ues ¢! interceniors and
heat exchangers 3

Recora all operating pararieters Compare with baseline
data 0 insure engine i1s operatin. properly

1. Should excessive moisture o:r fouling be
noted during month'y inspections of "Y"

strainers, then inc¢rease frequency of draining.

2. Reauired trequency for inspecting the
starting air distributor filter should be
established by periodic inspection rvesults.
Frequercy can be decreased if warranted by
inspec! (on Lindings.

3. Hear exchanger performance can be eval-
uated by checking engine operating paramcters,

w Ref. ELOCR * 44681
- » .

Instruction Manual, Section 6, Part |

Associated Publications Man.a

Associated Publhcations Manuya!

Associated Public atons Manual

Associated Publications Manual

Instruction Manua!, Section 6 Far k
Section 8, Appendix VI

Instruction Manual Sec 6 Fart J

Inst Manya!, Sec 6 Fart L

Associated Pubhicatiuns Manua!

RCR E-464i044 3 - y

et 5‘.“

|

- ._,._._._,_,.___1

Rm'enagiﬁﬂ -

Y
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5-B-5

PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE

—— e e ey

Frequency ANNUAL/EACH PLANT SHUTDOWN |

—————— e — <

Component Group. Desel Engine

Special Conditions: Annual if shutdown exceeds 18 montns or annual opevahf n exceeos 8000 nwrs f

—4

Item

L 4

Mowmo

——’- ——

" Drain lubricating oil system -Reki-wiknew-er and clean

sump tank. Depending on results of lube oil
analysis, refill with new oil,

Remove aiternate left side doors and examine inside of

engine for any abnormal congition Check with @ good hght

for evidence of babbit fiakes It excessive water or sludge

is present, dran crankcase Determine cause and lake

necessary corrective action

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

Remove fuel injector nozzles. clean. reset and remnstall

Inspect connecting rod bearings.
Lheck Gonnechng +00 and Jink 70d beanng clea'ance

Visually inspect foundation for breaks n bond between
sole plates ang grout

Check foundatior bolts tor correct torque  Retorque as
. necessary Check ang record crankshaft web gefiections

Check lubricating o/l jets for piugged or broken hines

Remove cam covers ang cylinder head covers Inspect
cams tlappets roliers, rocker arms, push rods and springs

| Dran governor ol Ciean and flush then refil with new ol
| Replace governor drive couphing element

Check cold compression pressures and maximum finng
pressures It so indicated remove Cyhinger heads, gnng
valves and reseat Check nngs and liners

| Remove end piates from heat exchangers and intercoolers
' Examine and cliean as necessary

inspect intake ar Hilter, ang service as recommenged Dy
manufacturer

Inspect and clean air filter in starting air

|
|
0
|
|
|

— e - - ——

- ow
i

Inst Manual Sec & Fart K
Section 8, Appendix Vi

Instruction Manual gata shee!
and Section 8 Pant B

Instruction Manua! Sec 6 Patf
Asso Publications Manual — Berun

Instruction Manual, Sector 6 Pan C
and Section 8, Appendix |

N
VAR
——

Instruction Manua! Secton 6

Part D and Section 2

Inst Manual 5S¢z 6 Parts b &

Instruction Manual Sec 6 Part K
Asso Publications Marual — ondwardl

Inst Manual Sec 6 Parts B & ©

Associated Pybhcations Manua

Associated Publications Manual

Assacirated Publications

:’ distributor. Manual ! :\
Clean turbocharger drip filter Associated Publications o
L SN . N S . N T o T

* kef E&LDCH F-46404

** Ref E&DCR [-46404A

Rolying m Y e



Instruction Manual 5-B-6

PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

e e e e e e e —_— ——"

'INSPECTION GUIDE | Frequency BI-ANNUAL/ALTERNATE PLANT SHUTU OWNS J

e . —— . e et e . — e e e e e e — — ——

| Component Group: Diesel Engine

J
Special Conditions. Bi-annual if alternate shutdowns exceed 36 months or annual Gperation exceeds 5300 hrs '
Item | e ’ﬁe};renco = i —1

|
|

Inspect gears for general condtion Check backlash and Ins! Manual. Sec 8, Appendis il

replace worn gears exceeding maximum clearance

| Remove tue! injection pumps. Disassemble, clean, reparr | Instruction Manuai, Sec 6 Part F ard
| and adjust as nececsary | Asso Publications Manua! Bend:s
| instructions
|
Check main beanng shell thickness | Inst Manuai Sec 6 Part D ang

| | Section 8 Appendix Vi

Instruction Manual. Sec 6, Part D
Section 8, Appendix I

Inspect main bearing crank journals

ca ‘)ha L
| Check-crankehedt bearings and idler gear bushings Inst. Manual, Sec 6, Part E

Section 8, Appendix Il

L S— B S S L U BT S PPN, S S

* Ref. E&DTR F-46404
** Pef. E&DTR F-46404A

RN 8 5‘8 - LRI )
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Instruction Manual 5-B-7

PART B — SUGGESTED MAINTENANCE SCHEDULES (Continued)

INSPECTION GUIDE Frequency: EVERY FIVE YEARS
Component Group: Diesel Engine

s A ————— NS |

Special Conditions: Nearest plant shutdown to five year point

om Reference
Remove turbocharger(s) Disassemble, clean, inspect, Associated Publications Manual
repair and reassemble manutacturer's instructions

RHIRING B 5”‘7



Instruction Manual 5C1

PART C — PRESERVATION AND STORAGE

PREPARATION FOR SHIPMENT ANL/OR STORAGE.

The diese!l engine/generator set is prepared for shipment in conformance with contractural requirements, and consistent
with the provisions of ANSI N452 2.1978, “Packaging, Shipping, Receiving, Storage and Handling of Items For
Nuclear Power Plants (During The Construction Stage Phase).” The degree of preservation will depend upon customer
requirements, and the anticipated term of storage Unless otherwise provided for by contractural arrangement, the
following preservation methods and requirements are the normai standara for Transamernca Delaval Inc

PRESERVATION MATERIALS.

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

ol Tectyl 502-C (U S Government specification MIL-C-16173, Grade 11, and MIL-P- 116G preservative type
P-2) is a soft, amber, transparert film preservative which may be applied by spraying, dipping or brushing. It provides
extended undercover or indoor protection for the interior or exterior surfaces of machinery, instruments, bearings, etc
and provides mited periods of outdoor protection where metal temperatures do not produce a flow of the film 1t may
be removed with petroleum solvent, lubricating oil, hot alkali wash, or with a vapor degreaser Tectyl 502-C should
provide adequate protection for six months outdoors, and for 18 months when indoors, or interior surfaces which are
sealed off from the elements.

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

DESICCANTS.

When the use of a desiccant 1s specitied, a silica gel type product such as PROTEL SORB 121 manufactured by
Davison Chemical Dwision, W.R Grace & Co. is normally used for this type protection PROTEK-SORB 121 silica
gel s a pure, chemically inert amorphous silica. The action is purely physical, with ne change in size or shape f the
particles as they become saturated Even when saturated, the material looks and feels perfectly dry. Desiccants are
packaged by “units” rather than by weight, 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 six grams of water vapor at 40% relative humidity at a
temperature of 26°C Silica gel can be regenerated in a vented oven, following the manufacturer’s instructions Aithough
silica gel provides no visible indications as to the condition of the gel, humidity indicators, or TEL-TALE indicating
gel may be used for this purpose. These indicators will gradually change color from a deep blue towards a pale pink a
the gel becomes saturated with water vapor

GENERAL PRESERVATION PROCEDURES.

The following depicts the general procedures used prior to shipment for the preservation of diesel engines ang, when
appropriate, other appurtances furmished by Transamerica Delaval, Engine and Compressor Division, and for the
maintenance of this preservation protection during storage

a. With the engine running, disconnect the fuel line ahead of engine fuel booster pump and allow the engine
1o burn about five to ten gallons of pure tectyl 502-C before shutting down. Cap fuel line to engine

b Seal all openings to the interior of the engine,

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

5C1 "1 382
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Instruction Manual 5C-2

PART C — PRESERVATION AND STORAGE (Continued)

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

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

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

g Remove cam gallerv side doors and thoroughly coat the entire camshatt and housing with Tecty! 502 C
Replace doors

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

[ Remove engine side doors and spray all accessible machined interior surfaces within the crankcase witt
Tectyl 502-C. Replace side doors

| Remove upper half of rear oil seal and spray Tectyl 502-C on the shaft and throughout the area Rensta
upper halt of rear oil seal,

k Carefully examine all gaskets and equipment removed from engine for damage prior to reinstaliatior
Replace all gaskets tha" show signs of damage

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

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

LONG TERM STORAGE.

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

a Rernove liquid filled gauges from the engine and store them separately to protect them from accidental
breakage or damage

b Place one 80-unit bag of desiccant per cylinder on a 1 x 3 inch board in the bottom of the crank ase A
blank plate with a tapped hole should be bolted over the crankcase vent opening and a probe type humidity ind cator
installed in the tapped hola.

c Place one BO-unit bag of desiccant at either end of the intake manifold One 16-umit bag of desiccant should
be placed within the intake port of each cylinder head and either taped in place, or secured to some kind of wooder
biock

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

5C-2
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PART C — PRESERVATION AND STORAGE (Continued)
© Grease all gaskets on both sides during reassembly, and bolt all surfaces tightly together

f. Remove all lines from fuel pumps and injectors. Wrap in plastic bags together with desiccant and tape
closed Store in a box. Cap all injector and pump openings. Tape a 4-unit bag to each pump, staple an indicator 1o each
bag of desiccant and wrap the pump in a plastic bag. Tape shut with duct tape. Make sure all fuel racks and |inkages
are thoroughly greased, or coated with Tectyl 502-C

g The barring device, air distributors, air solenoid «alves, governor and overspeed trip should each have a
4-unit bag of desiccant taped to 11, together with an indicator and then wrapped in plastic and sealed with duct tape

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

| One 16-unit bag of desiccant should be placed within the turbocharger (s) outlet port Seal all turbocharger
openings with blind flanges and duct tape

) Highly visible warning placards should be placed on each piece of equipment, or at each access 10 aress
which contain desiccant to warn of the presence of the desiccant, and to serve as a reminder to remove the desiccant
before the engine is started

LEVELS OF STORAGE.

If the engine and associated equipment is to be placed in storage prior to installation, the preservation procedures
applied prior to the shipment must be maintained. For long term storage (six months or longer), the following levels
of storage, as defined by ANSI N45 2 2.1978 are recommended

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

1 Motor control centers
Generators
Switchgear

Control Panels

o b W oN

Air filters
b Level C — All provisions and requirements of Level B except for heat and temperature control
1 Engines and attached equipment
2 Pumps and Valves
3 Auxiliary skids,
4 Lubricating o1l filters and strainers

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

Information concerning storage levels extracted from American National Standard Packing, Shipping, Receiving. Storage
and Handling of Items for Nuclear Power Plants (During the Construction Phase) ANSI N24.2 2.1978, with the permis
sion of the publisher, The American Society of Mechanical Engineers, United Engineering Center, 345 East 47th Street,
New York, NY 10017.

5C3 ") 32
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PART C —~ PRESERVATION AND STORAGE (Continued)

RECEIVING INSPECTION.

A visual examination of the engine and other equipment should be made before off-loading to determine «f any damag
was incurred during shipment This inspection should be made in accordance with ANSI N5 2.2 1978 Thetollowing
areas of inspection should be conducted

a Fire — Charred wood, paper or paint, indicating exposure 10 firte or extremely high temperature:

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

C Environmental damage - Water or oil marks, damp conditions, dirty areas, or salt Ll (indicating exposure
o sea water or winter road salt chemicals)

d Tiedown failure — Shitted, broken, loose or twisted shipping ties, and worn matenial under ties, indicating
improper blocking and tiedown during shipment

e Rough handling ~ Splintered torn or crushed containers indicating improper handhing Review of impact
recording instrument readings

f Item inspection — Uniless the package marking prohioits unpacking, the contents of all shipments should be
visually inspected to verify that the specified packaging and shipping requirements have been comphed with When
items are contained in transparent, separate moisture proot bags or envelopes, @ visual (nspection withou! unpack ng s
preferred. Statistical sampling methods may be used for groups of similar items Care shall be taken to avoid contarina
tion of the items during inspection The inspections shall be performed in an area equivalent to the level of storage
required for the item. These inspections are examinations shall include the following, as appropr iate

1 Identification and Marking Verification that identification and markings are in accordance with
applicable codes, specifications, purchase orders, drawings, and these (nstructions

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

3 Manufacturing Documentation  Assurance that the document certitying that the item receved was
fabricated, tested and inspected prior to shipment in accordance with applicable code, specification, purchase or der
and/or drawings 15 included in shipment if applicable

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

5  Coatings and Preservatives Verification that coatings and preservatives are apphied in accordance with
specifications, purchase orders or manufacturer’s instructions,

6 Inert Gas Blanket Verification that the inert gas blanket pressure is within the acceptable Limits, f
used

7 Desiccant  Verification that the desiccant is not saturated, determined by the use of humidity indica
tors Desiccants shall be regenerated or replaced as necessary in accordance with manutacturer's instructions

8  Physical Damage Visual inspection to assure that parts of iems are not broken, cracked. missing,
deformed or misaligned and rotating parts turn without binding Accessible internal and external areas shall be froe of
detrimental gouges, dents, scratches and burns.
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PART C - PRESERVATION AND STORAGE (Continued)

9 Cleanhiness  Visual inspection to assure that accessible internal and external areas are within the
specification requirements for dirt, soil, mill scale, weld splatter, oil, grease, or stains. Inspection for clean|iness s per
formed prior to sealing and shipping, therefare, if receiving inspection indicates that there has been no penetration of
the sealed boundry, then inspection for internal cleanliness is optional

9 Conformance Inspection ~ Unless the completed iterm was inspected cr examined at the source, it should
be inspected or examined at the point of receiving to verify that the following characteristics conform 1o the specitied
requirements These inspections or examinations should include such items as the following

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

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

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

a Workmansnip. Visual inspection of accessible areas to assure that the workmanship is satisfactory to
meet the intent of the requirements

] Lubricants and Oils  Veritication of presence of proper lubricants and oils, if required, by either
specification, purchase order or manufacturer’s instructions

6 Electrical Insulation Performance of insulation resistence tests for motors, generators, control and
power cable, to ensu e conformance with specifications.

h Special Inspection — Where receiving inspection in addition to that described above 1s required, the "'Special
Inspection’” procedure, complete with documentation instructions, shall be attached to the item or container. thig 1s in
addition to the inspection, and the results of the inspection shall be documented

ON SITE PREPARATION FOR STORAGE.

It the engine and other components are 10 be placed in storage prior to installation, the engine should be offloaded and
moved 1o 115 storage location Place engine onto Tecty! coated hardwood blocks The mounting flanges must be sup:
ported by 50% of their area, equally spaced. The engine should be completely covered by a tarpaulin, and the tarpaulin
securely fastened to the skid |f the storage 1s to be long term, the preservation procedures applied prior 1o the shipment
must be maintained The engine should be stored in the leve! of storage specified in preceeding paragraphs

STORAGE INSPECTIONS.

Six month inspections of the unit should be conducted to the following criteria, witnessed by a Transamerica Delaval
service representative (upon receipt of a purchase order), or documented by a formal report by the owner 's inspector

a Do not rotate the engine

b Examine all engine cover plates for tightness and sealing ability Do not open the engine unless i1 1s abso
lutely necessary

C E xamine gaskets for any covers ramoved and replaced (f any damage exists

d Examine all humidity indicators for 60% seturation Replace of regenerate the saturated silica gel as neces
sary It the interior of the angine is exposed for any reason, reapply Tectyl as needed

5C56
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PART C ~ PRESERVATION AND STORAGE (Continued)

e Inspect the hardwood supports for any indication of setthing | setthing has occurred during storage, supports
should be replaced or adjusted as necessary

f E xamine intake manifolds and turbocharger (s) tor deterioration. Clean and preserve as necessary

9 Replace tarpaulins and secure

RECOATING OF PRESERVED SURFACES.

In view of the finite life of the preservative material, it (s recommended that the surfaces be recoated as tollows during
the term of storage

o Every six months, or less f inspection indicates need, all outside surfaces of the engine which have bevr
coated with Tectyl 502-C should be recoated

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

C Every 30 months all exterior surfaces which were coated with Tectyl 890 should be recoated

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 equipment, the following cond tions apply to all
generators. Additional requirements may be specified by the manufacturer

@ Inspect Shipment — Inspect stator, rotor and bearing pedestal to determine condition as recewved Damage
to skid timbers 15 evidence of humping or rough handling. Damage to tarpaulins and plastic covers could expose equip
ment to moisture Ingpect leads and accessories Check bearing and shaft surface for moisture and rust Inspect stator
and rotor windings and test insulation resistance, a low value indicating presence of maisture of contaminant on coils
It generator is shipped as a sealed unit, do not open for inspection unless there is evidence of external damage 1o the
packing

b Insulation Resistance — Take insulation resistance tests on stator and rotor windings every three to six
months Take a one minute reading with a 500 volt megger Recommended minimum values are LW‘“—‘ a
x megohm on stator and one megohm on rotor. A dry, clean winding will test much higher A more thorough test of
insulation 18 1o continue megger test for one 10 10 minutes. The 10 minute reading should be much higher than the one
minute reading For dryout procedure, refer to generator instruction manual This paragraph applies only (f generator
15 not completely sealed

¢ Storage - Should be in a Level B storage facility as defined by ANSI N46.2.2.1978

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

covering 1s recommended

Some desiccants may be corrosive on contact

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

¢ All genergtor equipment must be inspected at six month intervals by the manufacturer’s service represen
tative The windings must be megged at this time, and accurate reports sent to Transamerica Delaval, and to the many
facturer of the generator
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PART D — INSPECTION AND MAINTENANCE RECORDS

GENERAL.

In adaiton 10 operating records, and any other record which may be kept by the owner or operator it 1§
recommended that a permanent record be kept of essential inspection and maintenance observatons A seres
of "inspection and Ma:ntenance Record forms. Transamerica Form £-267 (Figures 5-D-1 through 5 016 are
available for this purpose These are used by Customer Service Representatives to record clearances torques
and other wital inspection observations and conditions These records will be of great value in the future
planning of maintenance and overhaul requirements and 10 assess the wear trends and performance
charactenstics of the engine

INSTRUCTIONS FOR USE.

To be of value in helping to determine both present and future repair and replacement needs 1 s essent al that
all information be accurately recorded The following shouid be observed when using the forms

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

b Clearances shouid be recorded in thousandths of an inch, ie 4=0004 in 2=0002 in 250025 in
12=1002in 125=1025in, elc It other than inches is used. specily on each sheet the unit of measurement
used

¢ Where signiicant. dial ingicator readings should be recorded as + or - (plus or minus) A reading not s
specitied will be assumed 10 be a plus (+) reading

d The heading of each form s filled out as follows

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

2 Parts Group No  The three digit parts group number 10 which the component group belongs and
in which it may be found in the Parts Manual

3 Sheet The identity of the record within a pans group
4 Page The page number for a particular pars group/sheet
5 Customer Fill in name of owner/ operator of equipment

6 Equipment Location Physical location of equipment, specihied by name. position number or
other descnptive term which may be appropriate to clearly identity the location

7 Engine Model Complete model as appearing on nameplate

8 Senal Number The number appearing on the engine nameplate Usually consists of a fve digi
group. a dash and a four dQit group

9 Customer's designation When an owner or operator has a specified designation 1or the engine
within is sysiem which serves 10 identity it to im_enter this designation

10 Total Engine Hours Hours since hirst startup

wo 5‘0"
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Instruction Manual 5

PART D —INSPECTION AND MAINTENANCE RECORDS (Continued)

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

12 Date This Inspection Self explanatory

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

e Ensure that the proper designation is entered on all sheets where the position of the component

being inspected serves 1o identity it For instance, a separate sheet is needed for each bearng each cylinder
head, each piston and rod, etc |dentity these items
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Tm Inspection and Maintenance Record
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TM Inspection and Maintenance Record
Delaval
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'Wo Inspection and Maintenance Record
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'w Inspection and Maintenance Record
Cam.anen: Gigwe ¥ 18 Tonleane | "
CHANKSHAFT 30
T . RS ——
[Trore Guee TR R B (P T - —
P Vod T ne HOwe T Bt Bnes LOB IAGRE 1 h R LR o
DS e — — B LT I
NETHUCTION MANUAL SECTION 6 PART D b
—— - - a— e NS U —— - p— —
| - ¢
vt -
¥ ¥ ' | M
e e, TA BN 0 % S B0 o e Toumticn " Racerd Autmautoments 'n tooces beow
k ke Vlywhewi bng - Gnat cam |

LYY S T O N R S N ST S 5 L

. i [ ! T
e e S . —p — - B 4| -

i i
TSN T E—— F O NS, SR No———— .

) |
- r & -r-_7<+ - -—»# e 3 . . . R
LA . - N e e
p—— ., e PO — ...,L. — .._..+_ — —— ‘._._. * - ——

| | |

R - - - — S— v

, o W TS T s
TN S l ._.T S S 4 + - - .
1 '

-ttt W
e s 1 . 1 e SEmmmmmete l + + -

10

7 1 4 A J
ne

Figure 5 D-4  Crankshalt

5-D-6



Instruction Manual

5-D-7

L

Inspection and Maintenance Record
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Inspection and Maintenance Record
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Inspection and Maintenance Record
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Tm Inspection and Maintenance Record
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Inspection and Maintenance Record
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'w- Inspection and Maintenance Record
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' Inspection and Maintenance Record
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wedge on valve stem and push vaive out until stopped by wedge hitting guide (see Figure 2)

Position a dal indicator s shown in Figures 1 and 2 so that spindle of indicator s bearing against side
of valve head on the A~ A axis (see Figure 3) Zero the indicator, then apply sutficient pressure by
hand at & point dametrically 0pposite the spindie 1o move the valve in the guide Record this detlectior
Repeat the process in the BB axis and record all readings in the space provided below  See Figure !
tor valve «dentification (EX.1, IN-1 etc)
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Figure 4

SRR 4 J
Valve Hesd Thickness
Measure valve head thickness (Figure 4) with a micrometer and record in space below
[Vew T 8T T Ex7 T W T w2 |
Thiek ness I
—— e ——— —— —_ e )
General |nspection

Inspect valve 1or general condition and not all abnormalities or other signiticant intormation below

fumitaer  aw
"o

Figure 5-D-14  Inspeclion and Mantenance Record
Intake and Exhaust Valves
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Instruction Manual 6A 1

SECTION 6
OVERHAUL AND REPAIR

PART A —~ GENERAL

ROTATION AND CYLINDER DESIGNATION.

Crankshaft rotation is determined from the flywheel end of the engine. Number one cylinder 15 that nearest the gearcase,
or auxiliary end, on the opposite end of the engine from the flywhee! (see Figure B.A 1) Engines are designated s
either right hand or left hand sccording to the side of the engine on which the controls are mounted

| 8

— -

- L
. ' FLYWHERL END GEARCASE END
OIRECTION OF AU TATION WHEN

VIEWED FROM FLYWMEERL 6D

FLYWMEE .

Finre 641 Engine Rotation and Cylinder Designation

ASEEMBLY OF PARI "

Before starting any sassembiy of the engine, observe that many parts are match marked and identitied by part or
sssembly number Engine parts which have been in service should be returned to the same position in the same engine
from which they —aie ramoved This applies principally to cylinder liny s, pistons. connecting rods and beating cam
New parts should be marked in the same way & the parts which they replaced Safety clips, cotter pins and safety
wire, where sor Gified, must be re installed correctly 1o insure “Yat the parts (ymain secure in use.

USE OF ASSEMBLY DRAWINGS

Reference may be made 10 the sssembly dras ings in the Paris Manusl to assist in the dissssembly and sssembly of
Various engine components

Do not use the part numbers on these drawings lor ordering replacement parts The Parts
Marual should slways be used for this purpose

6A
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PART A —~ GENERAL (Continued)

CLEANLINESS.

Cleanliness s essential 1o the proper operation of an engine Care must be exercised 1o keep dirt, grit, and other debr s
from entering any of the lubricating oil, fuel or cooling water systems as well as from the bearing surfaces of moving
parts

All torgue velues stated in this manual, uniess otherwise specilied, are based on the use of o (hread lubricant composed
of egal parts by volume of engine lubricating ol and Dixon number two medium powdered Hake graphte, or egual
They do not apply to dry threads, or 1o threads iubr icated with so-called “Super Lubricants” Dry threads can fesalt in
torque readings as much as 'i'ty percent n error The tollowing procedure should be used when torguing testener

@ Lubricate thraads with a mixture of il and graphite and assemble thraads Tighten hand tight

b Tighten all fastenars by snugging the first one, then moving to the one farthest removed and continus it a
criss cross pattern until all fasteners are snug

(8 Uniass otherwise specitied, apply 20 percent of the required torque to aach fastener in the sequen o de
soribed above, then repeaat procedure n increments of 40, 60, B0 and 100 percent of the prescr bod torgue value

d Active nuts which are secured with cotter pins must be brought to the specified torque value before
attempting to align the cotter pin holes If the hole in the bolt is halfway between the slots in the nut, or beyond. the
nut should be tightened to mak ) alignment | the hole s short of the halfwey point. nuts on bolts larger than one inch
in digmeter may be backed off to the nearest point where it will align

TORQUE TABLES

Reter 1o the Torque Tables, Appendix IV, page B.5 to find the torgue value to be used when tightening fasteners on the
engine. The tabies are divided in1o two | arts, the first being for those fasteners for which a specitic torque value has
been assigned  The second part contans general torque values 1or use when no special torgue value has been A gned
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PART A —~ GENERAL (Continued)

ADHESIVES AND SEALANTS.

The Ashland Oil Company produces a series of useful adhesives and sealants under the trade name “'Locktte’
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 1n its container, and during application. When the parts are assembled, however, oxygen is excluded

and the anaerobic resin hardens into a@ tough thermoset plastic. The curing mechanism, then, 1s a combination of
contact with metal and the exclusion of oxygen. Copper and brass provide a very fast cure, whereas iron and steel
provide a slightly slower rate of cure Aluminum, cadmium and zinc platings are very slow curing Nonmetallic surfaces

do not initiate a cure, and a special Locktite primer must be used The following paragraphs and tables are provided 1
assist maintenance personnel in selecting the best sealants or adhesives for a particular job. It should be noted that
some instances a specific product is recommended for a specific use. For additional information, it is suggested that the

product manufacturer be consulted, or that inquiries be directed to the Transamerica Delaval Customer Service Depart
ment

a THREADLOCKER SEALANTS — An anaerobic adhesive used to prevent a fastener from loosening corr
sion and leakage. Although not essential, the use of a primer will clean off oil, and accelerate curing

1 Apply 10 thread engagement area, filling the thread root. Assemble parts
2 For blind holes, put a few drops into the hold and onto the fastener Assemble parts

3 For already assembled parts, clean fastener or nut parting line. Apply Locktite 290 at the interface
area and allow the capillary action to carry the adhesive into the threads.

4 Threadlocker sealants act as liquid lockwashers.

CAUTION

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

242 an Fiid 222 290
Nuts, bolts & scraws F asteners & studs Fasteners & studs Small screws Preassembied
pplhcation 8l purpose up to 1" die. over 1" dis. No. 8 & below fasteners (med
(Threadiocking) medium strength) (high strength) (high strength) (low strangth) o high strengtn )
008 007 010 008 005
1000 500 €500 1000 12
60/38 160/22% 100/145 40/20 60200
1600 2500 3800 900 1800
65 1o 300 66 o 300 -85 10 300 65 to 300 65 10 400
oC) (585 10 149! (-85 (0 149) (-85 10 149) (-85 to 149) 1-55 10 204
20 min/6 hr 20 min/% he 30 min/6 hr 20 min/6 hr 10 min *, he
5 min/2 hr Smin/% 1 he 10 min/2 hr S min’ 2 Not Reguired
T (optionel) T (optional) T (optionast) T (optionst) None

Table 6-A-1. Threadlocker Adhesives

6-A3
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Instruction Manual 6-A4

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

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

3 For pipes greater than two-inch diameter, apply sealant to both male and female thread surfaces

4 For leaking castings, isolate leak area, heat to drive out oils, then apply Locktite 290

8. Pipe Sealant with Teflon (PST) seals moderate pressures instantly, and 1s superior 1o tape |t can b
used anywhere teflon tape s used
Pipe Sealant Hydraulic Stainiess
LOCKTITE PRODUCT With Tetion Sealant Steel PST 290
Application Genersl purpose Fluld power system Stainiess stee & Porosity leakage
(Sealing) thread sesling connections monel threaded pipe (pinhole leaks)
& fittings
Gep filling
ability, inches .020 008 020 00%
Viscosity
(cP) Mean 200,000 400 400,000 12
Tempersture 65 to 400 66 to 300 &5 to 500 65 to 300
range. °F (°C) (-85 1o 204) (-85 10 149) (-85 ro0 260) (65 10 149
Cure speeds carbon stee!
without primer 24 he/72 e 45 min/2 hr 30 min/4 hr 10 min/Y 2 hr
fixture/full stainiess steel
3 he/24 By
Cure speeds
with primer 16 min/S hr Not Required Stainiess steel Not Reguired
fixture/full Smin/2 hr
Recommaended
primer NF None N (Optional) None

Table 6-A-2. Thread Sealants

C GASKETING (Anaerobic) — For sealing flanges. For gaps over 0.010 inch primer should be used Clean
contamination from flange surfaces, apply continuous bead to one surface. If primer is applied 10 speed the curing rate
or to cure through larger gaps, both flange surfaces should be primed. Allow one to two minutes for primer to dry, thers
assemble parts with minimal interface movement. Torque fasteners to metal-to-metal firmness. Allow sealant 1o cur
before pressurizing

Application
(Gesketing)

Gap filling
ability, inches
unprimed/primed

Viscosity
(cP) mean

JCUMA Ppw
shaar tansile

Temperature

{range ©F (°C)

Cure spweds
without primer
fixture/tull

Cure spesds
with primaer
finture/tull

Recommended
primer

LOCKTITE PRODUCT

Goskot Gasket Gasket
Eliminstor Eliminator Eliminator Master
815 510 Gesket
General High Large gaps. Maintenance
Putpose Temperature Instant sesl & repair
.010/.080 .010/.020 030/ - -/.0850
200,000 o 700,000 to 1,000,000 to 200,000 10
500 000 1,200,000 2,000,000 500,000
2000/1900 1350/2000 1300/1360 2000/1900
65 to 300 65 10 400 45 10 300 65 10 300
(685 o 149) (-85 1o 204) (55 1o 149) (55 10 149)
1T he/12 e A he/12 hr 30 Mmin/12 hr
15 min/2 hre 30 min/4& hr Not Required 185 min/2 hr
Master Gasket
N (Optional) N (Optional) None Prime

Casket
Eliminator
518

Sealing or coating
conventionasl
gaskers

010/.050
200,000 to
500,000
2000/1900

65 to 300

(-85 1o 149)
Y he/ N2

1S min/2 he

N (Optional)

Plastic
Gasket
568

High adhesion’
structural strengthy

010/ 020

6000 to
7000

/5000
65 0 300
(5510 149)

12 he/24 e

6 he/12 he

Table 6-A-3. Gasketing Material
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PART A — GENERAL (Continued)
d RE TAINING COMPOUNDS (Anaerobic) — Used to improve cylindrical part assembly
1 Clean both surfaces with Locktite Safety Solvent, or equivalent

2 If taster cure is required, or if surfaces are inactive, apply Locquic Primer T to both surtaces Allow
Primer T 10 visibly dry (two to five minutes) before applying retaining compound

3 Apply retaining compound 1o both suriaces If Primer T has been used, parts must be nea w
four minutes atter retaining compound s appled

KTITE PRODUCT AC/601 RC/680 RC/620
Application
(Retaining or Mounting General High High
Cylindgrical Parts) purpose strength temperature
Gap fiihing
ability, inches 0056 Qs 015
Viscosity
(eP) mean 100 2600 7000
Shear strength ps
steel/alum 3000/600 4000/600 3000600
Tempurature 65 to 300 65 to 300 65 to 450
range OF (9C) (-85 to 149) (55 10 149) (86 10 232)
Cure speeds (steel)
without primer 10 min/16 hr 30 min/4-6 hr 30 min/8 10 hr
fixture/full
Cure speeds (steel)
with primer 5 min/30 min 5 min/486 hr S min/B8 10 hy
tinture/tull
Recommaended
primaer T (options!) T (optional) T (optional)

Table 6-A-4. Retaining Compounds

e SUPERFLEX SILICONE ADHESIVE SEALANT — Forms a cured silicone rubber for use \n gasketing

sealing, bonding and caulking Clean surface with Methy! Ethyl Ketone (MEK) or Locktite Safety Solvent 785 Apy
Superflex 10 one surface and assemble parts

Gap Filling Temperature
Ability. Range Viscosity Strength Cure Speed
~inches 5. (P) Megn psi Tensile Jack/Eull
250 96 10 400 Paste ‘400 30 min/24 b
70 to 204

Table 6-A-5. Supertiex Silicone Adhesive Sealant

f PRIMERS - Locquic Primers (more accurately, Activators) are curing agents for Locktite anaerobie adt
sives and sealants

1 Locquic Primer N assures fixture of parts within 15 to 30 minutes, and full fixture in 12 hours or les
2 Locquic Primer T assures fixture of parts within 5 minutes, and full fixture 1 six hours or less

3 Locquic Primer NF assures fixture of parts within 1530 seconds, and tull cure m four howrs or less

6A5
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PART A — GENERAL (Continued)

SAFETY PRECAUTIONS.

Personnel performing maintenance, overhaul and repair work on the engine and its associated equipment must
be aware of the hazards involved in this type of work, and observe all salety precautions In addition to those
precautions listed in Section 4 for engine operation, the following are some of the areas in which safety practices
are \ndicated

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

b If. in the course of maintenance work, it becomes necessary 10 crank or operate the engine, those
precautions listed in Section 4 should be observed

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

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

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

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

g Crankshaft should be blocked to prevent inadvertant movement when working in the crankcase

h Do not exceed maximum allowable hydraulic pressure on hydrostatically operaied tools ang
equipment

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

| Exercise good housekeeping practices 10 provide good footing on platforms ladders andg other areas
around the engine and associated equipment

k. Under no circumstances should any interlock, safety switch, or other salety device be bypassed
blocked or otherwise rendered inactive

| When performing repair work involving disassembly of any spring loaded device, be aware of the
deadly force present which, if accidentally released, could cause severe injury

m Use no cleaning agents other than those approved by the cognizant local occupational satety and
health authornties Never use gasoline for cleaning purposes

008 G'A“ LI ¥ X



T4

R'AvV eV

Instruction Manual 681

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 cy
has two intake and two exhaust valves, together with their associated springs, wedges, retaine ¢ Valv
may be replaced with the cylinder head installed on the engine provided the piston is at top dead center preve
the valves from falling into the cylinder To remove a cylinder head from the engine, proceed as foll

a Drain jacket water from engine

b Remove cylinder head cover

C Remove air jumpers

d Discennect exhaust and intake air mani
folds

e Disconnect fuel injection lines and nozzle

drain fittings

f Remove rocker assemblies and push rods

Remove hydraulic valve lifters if engine 1s so equipped

9 Remove fuel injection nozzles and holder

assemblies
h Remove cylinder head sub-cover

J Attach lifting fixture to the fuel injection
studs as shown in Figure 6:B-1. Attach an overhead
hoist to the litting ring of the fixture

) Remove cylinder head stud nuts and
washers Figure 6-8-1. Cylinder Head Lifting Fixture
k Lift head from block. If head sticks it may be necessary to take a strain on the hoist and break the head

loose by striking the sides with a babbitt or lead hammer

INSPECTION
Clean inside of combustion chamber. Bar engine over until piston 1s at bottom dead center and clean and PECt Upp
portion of cylinder bore. Clean gasket surfaces of engine block and cylinder head Remove intake and exhaust valy

Reface and reseat as necessary, following the procedures outlined in subsequent paragraph

681
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PART B - CYLINDER HEADS AND VALVES (Continued)

VALVES.

Intake and exhaust valves on diesel engines are interchangeable When replacing valves that have been removed for
grinding and seating, however, they should be returned to the same relative location as that from which they wer

removed

VALVE SPRING REPLACEMENT (Cylinder Head Not Removed).

Valve springs may be replaced without removing the
cylhinder head from the block Remove rocker arm assem
blies and fuel injector, then bar engine over until the
piston of the cylinder being worked on is at top dead
center This 1s important as the valves can fall into the
combustion chamber f piston not at top center Attach
a valve spring compressor tool, part number 00-590-6155
(see figure 6-8-2) to the cylinder head by positioning the
tool support over the fuel injector studs Place a washer
on each stud, then thread a spacer-nut on each stud to
hold tool in place Slide the adapter-retainer over the
valve spring retainer (figure 6-B-3), then swing bracket to
pOSItion compressing screw over adapter-retainer. Turn
screw in until all slack 1s removed, check proper engage-
ment of the adapter-retainer to the valve spring retainer,
then continue 10 turn screw n, compressing the valve
spring When spring 1s compressed sufficiently to permit
removal of the two wedges (figure 6-B-3), It valve by its
stem and remove the two wedges Slack off on compres
sing screw and swing bracket arm clear Remove valve
spring retainer and valve springs. Tool can then be used
to remove other valve springs on that cylinder head Note
that when tool 1s mounted on injector studs, all four
valves are accessible without removing cylinder head sub
cover  An alternate method is to mount the tool on the
starting air valve studs, however, only the intake valve
springs can be removed with tool in thus position Instal
lation is the reverse of removal

VALVE REMOVAL FROM CYLINDER HEAD.

With cylinder head removed from engine, install valve
spring removal 10ols as shown above, and remove valwe
springs Remove valves by pushing out of guides on the
combustion chamber side of the head

682

COMPRESS NG SCREW

ADAPTER RETAINER

VA*V( NG
RETAINER

INTAKE vALVE
-,
—
XCP

WHEN TOOL IS SECURED IN THIS POSITION
BOTH INTAKE AND £ XHAUST VALVES ARE
ACCESSIBLE WITHOUT REMOVING CYLINDER
HEAD SUB COvVER

Figure 6-8-2. Valve Spring Compressor Tool

we sn | VALVESTEM

VQ*V! G
RETAINER

Figure 6.8 -3 Valve Spring Retainer
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PART B — CYLINDER HEADS AND VALVES (Continued)

VALVE INSPECTION AND RECONDITIONING

The seating surface of valves. particuleily exhaust valves, may have the appearance of pitting due rt
particle which may have been trapped on the seats and impres ed on the metal. Th ondition ¢ f ettect or
operation unless there 1s an indication of blowby, in which case the valves should be reseated Vaives fac
on a standard valve re facing maching r on an ordinary lathe. The seating should exactly 45 degros )

a lathe with a cutting tool be sure to use very fine feed and a sharp to for the fina t ita (

the whee wuld be dressed for exact trueness betore the final grinding it 15 taken. Ren t er af

eliminate pits and to make the seat run exactly true with the stem If the valve guides wo ¢ ]

installed before re *acing valve seats Re-seat head with a valve g der. It a grinder 15 not ay e &0 degre
hand reamer. Face just enough for trueness and removal of pits. Limit wiadt f valve seat 1 19 3 1 b4
(1.5 0 04 cmr with a 45 degree tool. If the engine i1s equipped with valve rotator the rotators n

vhenever the valves are serviced. Before remov ng intake valve guides from the viinder head, match (v k both ¢
cylinder head and the guide to insure proper alignment when guides are reinstalled «n the head Remoy ciea
inspect valve guides as necessary It 1s not practical to measure exhaust valve-in-guide clearances directly Theret
wear s determined by measuring the diameter of the exhaust valve guide bore at two points, one at a p« t¢ finct
from the top of the bore and the other two inches from the bottom of the bore. Refer to Append x 111 for t g

bore diameters

CYLINDER HEAD INSTALLATION. *

Use new seals when the cvlinder head 15 installed on the engine block Make e all ar e °a | fd

w other foreign matter

a Attach Lifting fixture to cylinder head
and hoist head in place over cylinder head studs
b Carefully lower head into place, taking

care not to damage stud threads or seals

( Lubricate cylinder head studs and nut

threads with a 50-50 mixture of graphite and |

bricating o Assemble washers and nuts on studs
and run down on the threads
d Tighten nuts in increments, and in a

rnss-cross pattern, following the sequence showr

' J4J 6 J ) 1Jh4 2 10 the sped fied 1 " Qque
value. This procedure will pull the head dowr
evenly
Cy for MHe \
’Hufﬁ: tO DA R 4 2 ¢ » r ¢ 1sed ’ ¢ - 3 » ) . . p
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PART B —~ CYLINDER HEADS AND VALVES (Continued)

HYDRAULIC VALVE LIFTERS.

It the engine is equipped with hydraulic valve lifters, the lifters are installed in both the exhaust and intake valve
rocker arms, between the adjusting screw and the swivel pad Pressure oil from the engme lubricating ¢l system is

%

Figure 6 B 5 Hydraulic Valve Lifter

supplied to the litters by means of urilled passages in the
rocker arms. When the cam follower raliers are on the base
circle (oft the lobes) the plunger in the valve lifter assembly
15 extended by a combination of internal ol pressure and
plunger spring force As the valve s Lifted from i1: seat by
the rocker arm, the valve lifter plunger 15 forced into s
barrel, increasing the spiing force and sight'y increa: ng
the internal o/l pressure. This causes the hifter (heck valve
to close and trap the o1 in the pressur € chamber, When the
cam follower roller returns to the base circle, furce on the
valve lifter piunger is reduced, internal ol pressure and
spring force extend the plunger. the check valve comes oft
its seat and oil flows nto the pressure chamber (0 replace
any that was lost when the plunger was depressed

VALVE LIFTER MAINTENANCE

The valve gear should rccu.;;n: hittie maintenance under
normal operating conditions. Since hydraulic litters com
pensate for small amounts of wear in the valve mechanism
It 15 not necessary to make vaive adjustments as often as
would be necessary with solid valve hifters. If noise should
develop in the valves it is usually due to one of the foliow:
ng reasons,

a Insufficient oi! supply to lifters

b A or air bubbles in the Lfter mecharism

c incorrect adjustment screw setting
o Dt in the ifter mechanism
e Lacauer or varnish deposits in the valve itter mechanism due 10 the lubricating oil conditions

It 15 not necessary 1o remove the Lifters from the rocker arm assemblies 10 perform a routine adjustment. When such an
adjustment is to be made, ormit the following two paragraphs and proceed directly 1o the paragraph on adjustment

LIFTER REMOVAL AND DISASSEMBLY.

11 1t is necessary 1o remove the lifters from the rocker arms for irspection and or cleaning. or when instolling nevy
litter mechanising. the following procedur e should be followed.

8 Remove the adjusting screws and pull valve lifter assemblies from cavity in swivel pad with a magnetic

pickup tool

* In order to eliminate possible Lube 01l draining,

Hydraulic lifters are

(Ref. E&DCR

A/AVID/HL! 8

F=45564)

inverted

in nuclear standby cngines ontv.

r 84
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PART B —~ CYLINDER HEADS AND VALVES (Continued)

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

c. The condition of the unit may be best determined by performing a leakdown test. Specifications for a new
unit require that, with the unit completely assembled and filled with kerosene, the plunger should trave! 0.125 inch in
one and one half to three seconds when subjected to a 50 pound load. Plungers are not interchangeable in the barrel as
the units are factory assembled for a specific leakdown rate.

ASSEMBLY AND INSTALLATION OF LIFTERS.

Assemble litters 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:

a Hol!d the check valve off its seat by inserting a soft wire about 3/8 inch into one of the ‘Il holes, then
submerge the unit in clean SAE 10 or SAE 20 grade oil. Push in and release the plunger repeatediy unti! air is no longer
expelled from the assembly This will purge the unit of air and fill it with oil

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

c With the rocker arms completely assembled and installed on the cylinder except for the hydraulic valve
lifter assemblies and adjusting screws (the swivel pad assembly is held in the rocker arm by a roll pin). ful the cavity of
the swivel pad with clean il

d Insert the valve hifter into the swivel pad cavity. The rocker arm must be kept in a near hor2cntai position
atter the lifter has been inserted to keep the lifter submerged in oil. Install the adjusting screw and locknuts.

ADJUSTMENT.

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

a METHOD A’

(1) Hold the rocker assemblies tight against the pushrods to remove all play, then advance adiusting
screw by hand until the end of the screw just contacts the lifter under it taking up all the slack 1n the valvc operating
gear. Make sure the swivel pad rests squarely on the valve stem. Due to varigtions in threads, the fec! of turming the
adjusting screw s NOt sensitive enough to make an accurate determination as to when all slack has been removed there
lore, the feel for taking up the slack has to be on the pushrod or cross (intermediate) rod and the swivel pad on the
adjusting screw  Lift cach swivel pad by hand to make sure that all clearance is removed between the swivel pad and
the valve stem.
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PART B — CYLINDER HEADS AND VALVES (Continued)

(2)  Turn the adjusting screw one full tur.. (0.070 inch) with a wrench and tighten the locknut, This will
locate the lifter plunger near the middie of its 1/8 inch travel

b. METHOD "“8".

(1) Advance adjusting screw with a wiench until the valve begins to Lift off it seat, then advance adjusting
screw at least two additional turns.

(2)  Wait approximately ten seconds (longer tf oil is cold) then back off on adjusting screw until valve
seats. The point at which the valve seats may be easily felt by the reduced torque required to turn the screvy

{3) Note the pasition of the wrench at the point where the valve just seats, then advence serew el lea:t
one-halt turn

(4)  Back out adjusting screw until valve just seats. If the position of the wrench i; the seme as {3) above,
the litter 15 fully collapsed. It not, repeat procedure until the position of the wrench is the same each time ihe valve
seats.

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

c Swive! pads should now be free to be rotated by hand. It they cannot be rotated, the adjusting screw has
collapsed the hifter 1o the end of its 1/8 inch travel and the valve has been hifted oftf its seat

d Swivel pud clearance should be such that the pad cannot be rocked on top of its valve stem It the swivel
pad can be rocked it means that the hifter is either fully extended and not at the mid point of 1ts travel, or that «t has
nut been completely purged of air. This may be due to an improper adjustment caused by burrs or dirt o the adjusting
screw threads. or because of incomplete purging of arr fron the assembly.

URVIDML) 78 6B6
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~ Ul Delaval 6-B-7
‘ = PROCEDURE FOR REPLACING GA-012-000-RIVET
REFERENCE TD] ASSYMBLY DRAWING 03-390-04
1) Remove the two adjusting screws (7) on the intake rocker arm assy (7).
2) Place a large wrench against the two adjusting screws (7) on the

exhaust rocker arm (3) and using a 4' pry bar, compress the exhaust
valves, and remove the connector push rod (14).

3) Remove the two adjusting screws (7) on the exhaust roci.er arn
assembly (3).

4) Remove the hvdraulic lifters (8) with a magnet,

5) Roll each rocker arm so that the side with the adjusting screws .o

as high ag possible,
6) Using a 1/8" pin punch remove roll pins (9) from all rocke: arm cnds.

7) Remove swivel pad assembly (4) from the bottom of the rocker arm ends,
ralve side.

8) With a &" cold chisel, tap around the existing rivet in the rocker arm
ends, valve side only, until it lifts approximately 1/16" then remove
with a pair of pliers.

. ) Using a flat steel punch slightly smaller than 3/8", attempt to drive
ou* the small piece of tubing presently inserted in the rocker arm
erd, See Detail "D" of marked print,

10) If the tubing cannot be removed, drill through with a 7/16" drill
supplied. Check the angle before drilling by inserting an 1/6" drill
in the hole in the tube.

11) Tep with %" NPT tap.

12) Coat the %" NPT pipe plug with loctite RC/601 and insert it in the
tapped hold. %" NPT Plug is TDI Part No. CB-005-127,

13 Stake the plug with a cold chisel or a punch in two places at 90° from
each other.

14) Reassembly in reverse order frorm step 7 to step 1.

15) Adjust valve lash as directed in Volume I.
Note: If it is desire to replace the rivets on the pushrod ¢nd of the
rocker arms, remove the rocker arms from the engine following the
procedure in Volume I,
la) After removing the rivets as outlined in Step 8, drill the hole
to 3/8" and a depth of 9/16".
2a) Tap and plug as outlined in Step i0 through Step 113,
. 3Ja) Replace the rocker armes as outlined in Volume I.

Ref. EADCR F-454168 A
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PART C - PISTONS AND RODS

GENERAL.

Pistons and connecting rods may be removed from the engine by pulling them out through the cylinder

hiners

Connecting rod bearings may be removed and installed without having to pull the cylinger heads

WARNING

The procedures in the following paragraphs involve the handling of heavy and unwieldy parts if
a confined space. All weight handling equipment must be inspected prior 1o use, and extreme
care must be exercised 10 insure that the weight of the parts being handled s under complets
control at all umes. Under no circumstances should any person be permitted 1o extend any par!
ot his body under any suspended part

PARTS LISTS.
Refer 10 the below histed group parts lists in the Parts Manuwal for a breakdown of the parts covered in this part of the
manual
o 340 Group Parts List, Connecting Rods
b 341 Group Parts List, Pistons
¢ 315 Group Parts List, Cyhinder Block and Liners
d 590 Group Parts List, Special Tools
SPECIAL TOOLS.

The following special tools, which are listed in the 590 Group Parts List in the Parts Manual, are required to perform
the operations described in this part of the manual

a9

Piston Pulling Fixture, Part No 00-590.01-OW

Piston Ring Guide, Part No. 18661

Ring Compressor, Part No 02 590-01-AN

Piston Holder Plates, Part No. 12561

Connecting Rod Cap Lifting Lug, Part No 03.590-01-AB
Cyhinder Liner Pulling Fixture, Part No 00-590-01.0V

Liner O-Ring Instatiation Ring, Part No 02.590-01-At

REPLACING CONNECTING ROD BEARINGS.

The following procedures for replacement of connecting rod bearings may be performed for that purpose alone, or in
conunction with the remova’ of the piston and rod from the engine [n the latter case, the cylinder hiead of the cyhinder
invoived mus! also be removed
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PART C - PISTONS AND RODS (Continued)
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Figure 6.C-1. Connecting Rod and Bearings

a Position piston at top dead center Remove engine side doors on both sides of engne adjacent to crank
journa! of piston and rod involved

b instal! two Piston Holder Plates, Part No. 12561, in the lower end of the cylinder liner to support the
weight of the piston and rod This tool bolts to the lower part of the liner and extends vertically 10 support the bottom
of the piston skirt

C Install an eyebolt, or other suitable lifting bracket, into the tapped holes in the side of the connecting rod
bearing cap (see fig 6:C.2) This tapped hole may not be present in all case !f not, use a Connecting Rod Cap Lifting
Lug, Part No. 03-590-01-AB to prowide a lifting point on the cap. This special tool has two fingers, welded to a lifting
lug The fingers are inserted into the connecting rod bolt holes after the bolts have been removed This provides a
lifting point on either side of the cap Remove bolts one side at a time, insert the tool on tha! side and attach a suitable
lifting device such as a chainfall or chain puller. Remove the other two bolts and install the too! on that s

d Lower bearing cap sufficiently to allow for removal of the bearings If piston and rod are 10 be removed
the bearing cap May be maneuvered out of the engine side door as illustrated in Figure 6.C 3

o Lift lower bearing shell out of cap

1 Caretully bar engine over sufficiently to cause piston to rest on Holder Plates (PartNo 12661 Continue
to rotate crankshaft until upper bearing shell can be rotated out of the journal. Remove bearing shell

9 Upon completion of bearing inspection, or if bearings are t0 be replaced. liberally ‘wbricate bear ng she iy
with clean engine lubricating o/l Roll upper shell into position, then bar engime over until weght of rod and piston 15
taken by the bearing and journal

h Position lower bearing shell in connecting rod cap, then raise cap nto position on e crankshatt ournal
insure locating dowels enter dowel holes (see figure 6:C-1)
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PART C — PISTONS AND RODS (Continued)

. Connecting Rod
Bearing Cap

Eyebolt

Connecting Rod Cap
Litang Lug

End View Side View

Figure 6-C-2. Connecting Rod Cap Lifting Methods

) If the Connecting Rod Cap Lifting Lug tools are used, one tool shou!d be removed (0 permit the nstallation
of the connecting rod bolts on that side. It may be necessary to insert a long bolt through the remaining tool and
assemble a washer and nut to the other end 1o clamp the cap in place until the connecting rod belts on the other s10¢
have been installed and their nuts assembled

) Remove tool from other side and install connecting rod bolt nuts. Tighten nuts in & Criss-cross pattern to the
specified torque value (see Appendix 1V)

REMOVING PISTON AND CONNECTING ROD.

With the cylinder head removed, and the engine side door covers removed, bar engine over until piston s at top dead
center. then block crankshaft 10 prevent further movement Refer to Figure 6-C4 for the instaliation of the speca
tools required to remove the piston and rod. Care must be exercised to completely remove carbon and other combustion
deposits from the upper end of the cylinder liner before removal of the piston is attempted Falure to clean off the
combustion deposits from the area above the ring trave! area in the liner will result in damage 10 the piston rings it the
piston is withdrawn from the cylinder, and may interfere with the piston skirt to the extent that the piston cannot be
withdrawn from the cylinder

a Attach Piston Pulling Fixture, Part No 00 590-01-OW 1o the crown of the piston

b Attach a chainfall or overhead hoist to the piston pulling tool and take up the s'ack

c Attach eyebolts 1o tapped holes in sides of connecting rod bearing cap (1t so contigured) It no holes are
present, proceed 10 next paragraph Attach a chain puller or other suitable Lifting device 10 the eyebolts on both sides

and take up the slack Remove four bolts holding box to rod

d If there are no tapped holes in the sides of the bearing caps, install Connecting Rod Cap Litting Lug ot
No 0359001 AB as described in “Replacing Connecting Rod Bearings” (see figure 6-C-1)
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PART C —~ PISTONS AND RODS (Continued)

6C4
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Conneciing Rog
Lifting Lugs
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Figure 6-C-3. Removing Connecting Rod Bearing Cap

e Maneuver bearing cap outside door as shown in figure 6.C-3

f Caretully ft piston and attached rod

with an overhead hoist, taking care not to allow

piston to bind in hiner (see figure 6 C4) Continue
t ft until piston and rod are clear of liner Set
piston and rod down on a pre-fabricated stand, or
rotate piston and rod by attaching a second hoist t
the lower end of the rod with a nylon strap. Witt
position reversed, detach hoist from lifting fixture
re ve fixture, then set pis and rod dowr: of
f resting 4 LOr rfOW

q Hemove piston pin retaming rings from
yrooves at end of piston pin. Shide piston pin out
bore, then Lift rod out of piston and set aside

OVERmE AD MO

6C4

Figure 6-C4 Lifting Piston And Rod From Liner
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PART C — PISTONS AND RODS (Continued)

INSPECTING CONNECTING ROD BEARINGS.

Inspect both upper and lower bearing shells for wear and general condition Record all intormation lon the appropriate
Inspection and Maintenance Record sheet) tor future informatior

a Visually inspect all surfaces of bearing shelis for scratches, nicks, burrs, evidence of heat and excessive wear
- —
Measure with a ball micrometer e -
at all points marked X" Avoid . !

crush relief area at end of shell

i - - |
‘ . s -4
25 5
\ - » i
b~
- = -
3
—— ——— 9
S~ S—

Figure 6-C- 5. Measuring Bearing Shell Thickness

& Measure thickness of bearing shells Use a ball micrometer and measure aach shell at six points, as ndicated
in Figure 6-:C-5 Refer 1o Appendix |11 for permissible limits

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

d Based upon the results of the above inspect ons, make a determination as 10 whether the bear ng shells ars
acceptable for further service

CHECKING PISTON PIN CLEARANCES.

An deal time 1o measure piston pin to bushing clearance is when the piston and rod are disassembled Take and record
the following measurements

a Measure inside diameter of piston pin bushing with a micrometer Measure in the vertical (A A and '
horizomal (BB planes, 90V apart (see Figure 6.C-6) Measure both ends (flywhee' and gearcase ) two inches from end

of bushing

b Measure piston pin outside diameter in iwo locations, two inches in from each end. n the vertal (A A and
horizontal (B-B) planes in each location

- Compare differences in measurements Consult Appendix |11 for the specitied clearance limits
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PART C ~ PISTONS AND RODS (Continued)

INSPECTING CONNECTING ROD.

A
Make a careful and thorough inspection of the connecting

rod, the piston pin bushing and the piston Remove all | /‘
carbon and varmish deposits from piston and accessible B =18
areas of ring grooves I it is deemed necessary 10 remove o

piston rings for cleaning or replacement, or if it is neces

sary to disassemble the piston itself, refer to the appro
priate paragraphs that tollow

A

() 2

Figure 6-C-6. Measuring Piston Pin In Bushing Clearances

CHECKING PISTON RING SIDE CLEARANCES.

Measure piston ring side clearances in the groove with a feeler gauge in three positions, 120 degrees avart (see Figure
6.C 7) Record measurements and consult Appendix |11 for permissible clearances

—

Use a feeler gauge and measure
atpoints A, Band C.

Side Clearance

Location for taking
side gap clearances

Figure 6.C-7 Piston Ring Side Clearance

PISTON RING REPLACEMENT.

Piston rings may be removed from power cylinder pistons for cleaning, inspection and end gap clearance maoasurement
provided care s exercised in the removal and handling of rings The decision as 1o whether to reuse the piston rings. o
to install new rings must be based on an evaluation of the condition of the rings, and the prospect of the r giving ade
quate performance for an acceptable length of ime A piston ring expander 100! must be used when piston rings are
removed trom a piston The practice of using strips of leather, pieces of belting or other means to grasp the ends of thy
piston rings to remove them by hand i1s discouraged. The use of such makeshift 100is will usually distort the rings ang
make them untit for further use A K-D Manufacturing Company 100! No B92 has been tound 1o be an excellent 1n

d

expanding 100l Starting with the top ring, expand the ring and shide 1 up and off the piston 1 the ringe Jre to be
used, they should be identified and tagged as G the PiSton and groove so that they will be returned 1o the same relat v
posit on
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PART C - PISTONS AND RODS (Continued)

CLEANING PISTON RINGS.

Hardened steel scrapers, steel wire brushes or power wire buffers must not be used to clean piston nings Hings can best
be cleaned by immersing them in a commercial cleaming agent such as Turco, Transpo, Oakite Carbaway. Pennwalt
Cleaner 45, or equal Follow the manutacturer's directions for the cleaning agent selected

CHECXING PISTON RING GAP CLEARANCES.

Gap (end or butt) clearance of the piston rings 18 measured with the ring in the liner  Used rings must be measured in
the liner trom which they were removed, and if new rings are to be used, ther end clearance must be measured when
installed in the liner in which they will be used The rings must be square with the surface of the bore Position ning in
one of two postions in the hner, the preferred position being six inches from the bottom of the Liner, the alternate
position being three inches from the 1op of the liner Ensure that ring is the same distance from the top or bottom of
the liner all around to make sure it is square n the liner Measure gap between ends of ring with a feeler gauge and
record the measurement for the engine records Appendix |11, Table of Clearances lists Clearances when new, and the
replacement clearances In the case of used rings, it is suggested that it s economically unwise to attempt to reuse peton
rings with end clearance exceeding 0 155 inch for chrome faced compression rings, 0 150 inch for taper faced compres
sion rings, and 0 110 tor oil control rings

INSPECTING PISTON.

Inspect piston for wear and other abnormal conditions such as scutfing, scratches, etc. Pistons can be cleaned by
unmersing them in one of the commercial cleaning solutions listed for cleaming piston rings Measure skirt outside
diameter of piston at two locations, four inches below bottom ring groove and four inches above bottom of skirt Take
four measurements (A-A, BB, C.C and DD, Fig 6C8) at each location. Measure piston pin bore inside diameter at
either end in two directions, perpendicular to one another (A-A and C-C, or BB, D D)

Figure 6.C-8 Piston Measurements

DISASSEMBLING PISTON (See Figure 6.C9)
111118 determined 1o be necessary 10 disassemnble the piston crown from the skirt for further inspection, or replacement
proceed as follows

4 Inspect connecting rod bearing shells for evidence of scratches, nicks, burrs, excessive heat and wear Clear
ance tables should be consulted tor the required bearing shell wall thick ness

b Inspect pistons for waar or abnormal conditions Remove all carbon and varnish deposits from pistons and
actesuble areas of the ring grooves Unless they are 10 be replaced, do not remove piston rings from grooves |1 neces
sary . disassemble pistons as follows
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‘ PART C — PISTONS AND RODS (Continued)
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Figure 6.C 9 Piston Assembly
Bend ok strag tabs Clea t hex nuts, re Ve ! gang e wds and remove hex
7 Remowve 1ok Straes spring ars Delieyille sprmas and 1hrust washers §r " LI ¢} i
WHArate Crown trom skt gnd remiove f1ng
(4) Clean parts thoroughly 1Y crown 1 1O be replaced remuve tie studs and st washers in i

stud holes o crow

ASSEMBLING PISTON (See Figure 6.C9)

Assembie the piston as tollows

(1) Measure depth of crown stud holes Measute trom rgsed Doer ning tluwards thic center of 1
not from the 0 007" deep relieved area Must be withun tolerances (A Fig € C 9y

et

(2) Install @ heavy spring lock washer 0 each of the tow twe stud b e s Part N A K
09 washer (0388 10 060700, 01157 thick) Do not substitiuts

‘ (31 Measure length of tie stud from lock washer end 1 e ter i J vt e (B, Fig 60 9 Ay

ceptable te studs must be within tolerances
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PART C — PISTONS AND RODS (Continued)

(4) Install tie studs in crown with groov-pin hole up Use Locktite “Threadiocker 242" on threads, and
torque studs to 100 ft-lbs

(5) Take a micrometer measurement of crown and skirt pilots (C, D, Fig 6-C-9) Must be within tolerances
to ensure ease of assembly without damage to O-rings

(6) Measure skirt spot face depth (E, Fig 6-C-9) Should be within stated tolerances

{7) Install O-rings on skirt. Do not twist rings during installation. Use no adhesive, grease or solvent on
rings. Mineral oil may be used to ease entry of O-rings into crown

(8) Assemble crown to skirt Observe that there 1s a8 dowe! pin in the crown which must enter the dowe!
hole in the skirt. Check O-rings tor proper positioning

(9) Clean sach Belleville spring and the spring collars by dipping them in solvent then thoroughly drying
Dip all springs and collars into a 50-60 mixture of graphite and engine oil, making sure washer faces are completely
wetted

(10) Install thrust washer on each tie stud, then install exactly 13 Belleville springs on each stud, concave
side towards skirt Install 13 more Belleville springs on studs, concave side towards crown

(11) Install spring collars on each tie stud, then install two lokstraps as shown in Figure 6-C9

(12) Apply Locktite “Threadlocker 222" 1o stud threads, and assemble hex nuts to studs and tighten
finger tight Do not lubricate threads

(13) Align each washer stack with fingers so outer edge of washer stack is even. Torque each nut to 115
f1. b, then back off three-quarter turn

(14) Retorque each nut to 105 ft-ibs and check alignment of tie stud groov-pin holes with nut slots In
crease torque as necessary 10 align groov-pin holes with closest nut siot. Do not exceed 115 fr-ibs

(16) Check for proper assembly Groov-pin hole in stud should be even with, or a maximum of 1/16"
above base of nut slot If within this tolerance, clean groov-pin hole and install groov-pin, using Locktite “Threadlocker
222" 11 not within tolerance, check assembly of parts for proper size and correct number of springs.

(16) Bend lok strap tabs up securely aganst side of nuts

INSTALLING PISTON RINGS (See Figure 6-C6).

Use the piston ring expander 100l when replacing piston rings on the piston It the rings are being reused, insure that
each ring is returned 10 its onginal position Rings are marked either "UP" or “TOP M" on their upper sides Rotate
rings 1N grooves so that gaps are staggered around circumference of piston Take care not to spread rings excessively
while installing them on piston. Measure and record piston ring side clearance in groove Take measurements in three
positions (A B,C) for each ring

REPLACING PISTON PIN BUSHING.
Use the tollowing method to replace the piston pin bushing in the connecting rod

a If an arbor press s available, press the bushing from the rod, otherwise, caretully sphit the bushing with a
hacksaw and drive it out of the rod Remove all burrs and clean the connecting rod.
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PART C — PISTONS AND RODS (Continued)

b Place the new bushing in a suitable container such as a bucket or a deep pan

[ Fill the container with liquid nitrogen. Nitrogen level shou'd be approximately one inch from the top of
the bushing to allow for handling

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

WARNING

Wear suitable gloves when handling bushing to aveid injury to the hands. Gloves should be of a
type approved for protection against extreme low temperatures

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

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 water from entering the crankcase The silicone seal goes into the lower sealing ring groove It s recor

mended that the liner be deglazed before pistons and rings are replaced in the engine. In the case of new piston rings
they should be installed only in new liners, or in liners that have been deglazed The glaced surfaces of a cylinder liner
which has been in service will not seat new piston rings quickly or correctly Rings which are not correctly seated wi

allow blowby of combustion gasses, and cause excessive usage of lubricating 01l Severe blowby can destroy the o/l fiim
on the liner surface and cause ring scuffing and possibly even piston seizure. Chrome faced compression rings will not
conform to cylinder liners which are out of round by more than 0 003 inch per inch of bore diameter (0 081 inch for
Model R & RV Engines) Taper faced compression rings and conformable oil control rings will not conform to hners
which are out of round by more than 0.001 inch per inch of bore diameter (0 017 inch for Model R/RV engines) No
piston rings will seal in liners which have grooves, ridges, or low spots on the surface of the liner bore. Carbon deposits
from the top of the liner above the piston ring travel area shouid have been removed prior 10 pulling the pistons Wash
inside of liner with solvent and let dry Visually inspect liner and note any of the conditions iliustrated by Figure 6-C-10

NORMAL CROSSMATCH

SCRATCMES - Long narrow grooves ususlly
caused by foregn materal Crosshatch pattern
rum thiough

SCUFFING - Cousnd by piston and of 1ings
Can 51071 DRIOW O/ 110G 8N run UE thr sugh
VDD COMOrMMOn 1ing ravel wee  Crom
NATCR DATIRTT CHNNOT De ween

BRIGHT SPOT -~ Besring through o aeshateh
Can sopes anywhere  Probebie cause Meevy
Bewr ing caUIRO Dy buldup shove 10p 1 ing lena

Figure 6-C-10. Cylinder Liner Wear Patterns
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PART C - PISTONS AND RODS (Continued)

LINER DEGLAZING PROCEDURE.

The Sunnen Model AN-B15 portable hone with doublie length stone holders, and Sunnen WA7 319 ¢ W47 J47 stone:
in the stone holders has been found to be effective for deglazing 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 or soapy water
Patented honing oils are available, but are expensive and do not appear to do any better job than the fluids mentioned
Diesel o1l makes a very poor honing fluid

a Maintain a firm pressure between the stones and the surface of the liner bore 10 make sure the stones are
cutting

b Maintain a steady flow of honing fluid to the stones to wash away the cuttings and to prevent stone glazing
Arrange a sheet metal trough under the bottom of the cylinder liner to carry off the fluid and cuttings. Do not allow the
cutting laden fluid to flow over the crankshaft and into the main bearings Lay a series of ciean wiping rags between the
crankshaft webs and the main bearing caps to prevent splashed tiuid from entering the main bearings Exercise care
when removing the rags that cuttings do not fall into the main bearings

C Drive the hone with a powerful, siow turning electric air drill motor. The surface speed of the hone stones
must be in the range of 2650 rpm hone speed. and mantain a stroking rate of approximately 30 complete cycles per
minute

d Atter the tirst minute of honing, remove the hone from the liner and wash the bore surface and dry it
Inspect the surface carefully to determine if there are any low spots. If low spots are found, measure the bore carefuity
with inside micrometer 1o determine if liner will be useable, or 1f 1t must be replaced

e Continue honing until all surface glaze is removed A properly deglazed liner will have a uniform satin gray
appearance with a good crosshatch pattern. The hines of the crosshatch pattern should intersect at an angle of approx
imately 90 degrees

Note

Each set of Sunnen stones has an instruction pamphiet which describes the honing procedure
Trus 15 an excellent publication

f When honing is tinished, wash the liner bore well with a stiff scrub brush and hot soap and water Household
laundry detergent in hot water can be used After washing, the surface must be dried completelv, and oiled with engine
lubricating ol to prevent rust Use an air jet to blow out the lubricator tubes or other Liner lubrication fittings 1o remove
hone grit which may have entered these fittings during honing

REMOVING CYLINDER LINER.

1t 11 15 getermined to be necessary to remaove the cylinder iner from the block, first disconnect the lubricating ol lines
at the bottom of the liner, including the elbow. Install a Cylinder Liner Pulling Fixture, Part No 00-590.01.0V to the
bottom of the liner, and attach a chain hoist to the Lifting pad on the too!. Pull hiner straight out of the block 1t may
be necessary t0 use blocking and a hydraulic jack 1o break the liner free of the cviinder block

INSTALLING CYLINDER LINER.

Installation of the liner i1s the reverse of removal with certain additional requirements. Use new sealing rings and coat
them with a Liquid dishwashing soap, or a tire installing lubricant before mounting in liner grooves. The bottom seal is
sihcone and should be handled carefully to prevent tearing or nicking It is essential that the hiners be replaced in ther
onginal positions in the block, and that the scribe marks on top of the liner be aligned with the marks on the block A
tool, Part No 02-590-01-AE facilitates the installation of the liner in the block. A split ring device, it fits into the top
bure of the biock, and allows the liner with sealing rings instalied to be lowered into the upper bure block Atter the
rings have passed through the upper block bore, remove the rings then continue to lower liner until seated \n block
Remove liner pulling fixture
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PART C — PISTONS AND RODS (Continued)

INSTALLING PISTON AND ROD.

Installation is the reverse of removal. Be careful that rings do not catch on piston ring guide Exercise particular care
not to chip or break oil control rings. Damaged rings must be replaced

a Lubricate liner with clean lubricating o1l
b Install Piston Ring Guide, Part No. 18661 over top of hner

c Attach a hoist 10 lower end of piston rod. Lift rod and position 1t over the piston. Carefully lower rod unt
piston pin bore 1s aligned with bushing bore in rod

d Coat piston pin with molybdenum disulphide prior to assembling in bushing. Use a rag or soft bristie brush
Molybdenum disulphide is available from Transamerica Delaval under Part No, B-6099-9

CAUTION

Do not permit molybdenum disulphide, or any mixture of it to come INto contact with any
threaded fasteners. The presence of molybdenum disulphide will allow specitied torques to
overstress the fasteners. All torque values are based on the use of a 50-50 mixture of powdered
graphite and lubricating o1l

e Shide piston pin into bore then install retainer rings on either end of pin,

t Take weight of piston and rod on the overhead hoist. When piston is clear of fioor, bolt a Piston Pulling
Fixture, Part No. 00-590-01-OW to the top of the piston pin crown, Attach second hoist to the lifting fixture and rotat:
the piston aind rod untl weight s borne by the lifiing fixture. Detach hoist and strap from lower end of rod

9 Lower piston and rod nto the liner Hold piston rings 10 place as they enter the Ring Compressor Too!
Insure gaps are staggered around circumterence of piston

h Install upper bearing shell in rod and lower rod until weight of piston and rod is being borne by the crans
shatt journal. Hoist connecting rod cap Into position. Install lower bearing then raise cap into engagement with the rod,
insuring that locating dowels on bearings engage their respective holes

i It the Connecting Rod Cap Lifting Lug tools are used, one tool should be removed to permit the installation
of the connecting rod bolts on that side. It may be necessary to insert a long bolt through the remaining 100! and
assemble a washer and nut to the other end to clamp the cap in place until the connecting rod bolts on the other side
have been installed and ther nuts assembied

) Remaove tool from other side and install connecting rod bolt nuts. Tighten nuts in @ CrHss-cross pattern 1y
the specified torque value (see Appendix |V) Install cotter pins

SEATING NEW RINGS IN LINER.

New piston rings must be seated in the liner as quickly as s practical in order 10 assure a good gas seal and an acceptable

lubricating o1l consumption rate. The following run in schedule should accomplish these objec tives

a Replace all covers on the engine except cylinger head covers
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PART D — CRANKSHAFT AND GEARINGS

VAIN BEARINGS.

Main bearings are aluminum, the uppers anu iovwe: bearing s ells being interchangeable The upper shell is held in place
on the bearing cap by two lock rings a 1 socket head cepscrews Main bearings are front, intermediate and rear, the
number of imermediate bearing being determined Dy the number of cylinders Bearing caps are secured 1o the engine
base by studs. Oil passages hrough the bearing cap provide for bearing shell lubrication. To prevent axial movement
of the crankshaft, thrust 1ings are attacied to the rear bearing caps, each secured with button head capscrew:

BEARING REMOVAL.

Remove bearing cap lock plates and stud nuts from four bearing cai studs Lift bearing cap off crankshatt and remove
utper bearing from bearing cap  Install a bearing shell removal teo! 1 the crankshatft journal oil hole then slowly
tutate the crankshatt until the tool is beanng against the bitaring shell Slowly continue 1o rotate the crankshaft and
roll the bearing she'l out of the journal. To remove the thrus! rings £ om the rear bearing caps, remove the button head
screws and pull the thrust rings. Reverse the procedy « 10 sigll thrust rings and bearing shells

INSTALLATION OF ZEARING CAP

With the upper beariog hell secured i place on th . bearing cap, Posit <. the bearing cap over the studs and lower 1t
into position. Assemble lucking plates and studd mo s un werh stud and (orQque 10 the value specitied 'n Appendix 1V
Bend locking <hip to heid stud nut 10 price

CRANKSHAF ™ ALIGNMEN" ANL THRUST CLEARANCE.

It e be eiaphasized that excessive ankshatt defiection can leed to 29 ultimate catastrophic failure of the ¢rankshat
This 11 costly in both time and moat 2 't is recormmended that ¢rankshaft alignment and thrust clearance be measured
immediately a‘ter gouting or chocking ¢ f the unit, the day before iitial start up sfter the first seven days of continuous
operation, and @ six mon'h intervaly thereafter Refe, to Transamerica Delaval Engine and Compressor Division Form
D-1063 (see figure 6:0 1) for an outli- e of these procedures. Note that space s provided for recording both detlection
and thrust clearance read. ngs. Copies of this form may be obtained from Transamerica Delaval

CHECKING THRUST CLEARANCE

Experience has shown that the feeler gau & methud of measuring thrust clearance does not always produce satistactory
results The dial indicator method is recommended 10 produce the 04t d avcuracy of readings A Starrett No 196
or similar, type dial indicator with mayoetic base and extension rod Io g *nough to allow the indicator to be mounted
between the engine and fiywheel with the spindie bearing on the flywneel Check thrust clearance as follows

@ Start auxiliary (B&A) lubricat ng oil pump. Ba engne over at least one hal! revolution to estabilish an o1
fim between the main bearings and ther journals. This will pe nit easy movement of the crankshaft

b Mount Jial indicator on rear of enginie frame betwe:) frame od Hywheel Spindle of indicator must beg
on fiye heel 1o measure horizontal movement of the crank shaft

- The crankshatt may be moved forward and aft in the horiz  tal plane with a pry bar such as a heavy. spade
type umpered steel digging bar, approximataly six feet long Maky su  bar 15 clean enough for use inside the sngine
Insert bar between rear crank web and nearvit frame member in.ide crankcase. Do not insert bar deeply enough to
damage either the man bearing shell ¢+ the orinkshaft | urnal

d Pry crank natt torward, towards t e gearcase end as far as it will go It the crankshatt s all the way forward,

it should e mpossibile to insert & 0 0015 inet feeler gruge between \ne crank shaft rear thrust collar and the rear thrust
nng Ze'o the dwl nddicator, allowing for at ieast L 050 inch movemenrt  dwards the minus direction

" m .,o‘ iR 1m
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PART D - CRANKSHAFT AND BEARINGS (Continued)

¢ Reposition pry bar to move crankshatt to the rear, towards the fiywheel end Pry crankshat 1o the rew
@ lar as « will go as indicated by the inabity to mnsert a 00015 inch feeler gauge betwevn the torward crankshaft
thrust collar and the forward thrust ring

t Observe dial indicator The number of thousandths (minus) ndicated on the dial 1s the crank g 1 threyn
clearance Record reading in the appropriate place on Form D 1063, and compare wil'o previous 1 rus! Ledrance
readings

Note

It there 1s oy doubt s 1Q the accuracy ot the reading, repeat procedure

CRANKSHAFT WEB DEFLECTION

The importance of ¢ ankshatt wel deflection measurements s such that the care and attention 1o geta! requued 1o
obtan and record these measurements cannot be overemphasized Placemen' of the dial maicator 15 vital f accurate
readings are to be obtained. Form D 1063 (see figure 6:D-1) illustrates the five positions of the crankshatt at nigh vl
aetiections are 1o be measured, and the starting position of the crankshaft for each crank web Care mus® b (xercised
1 sure that the dial indicaton 5 positioned i the center of the web, exactly 0pposite "he conter of the ¢rorkpin, and
one tourtn ingh from the edge of the crank web. Toke web deflections as follows

Remove sngine side doors 10 gan access 10 the crankcase

9] Bar engine over in the drection of normal rotation with barring device until number one crank s fifteen
degrees past bottom dead center "

¢ Insert dial indwator between web for number one cylinder. Double check thot crankshutt s prone by
positioned 1f not in correet position. 1t s possibie that the connecting rad wi'll knogk the gial ind cator out of the wey
as the engine 15 barred over 1o the next posLon Insure the two Dearing ponts of the indreate are noa o exac,
paraliel 1o the centerling of the crankshatt It indicator is not paraliel, erroneous readings will be obitainca Zera ihe
nacaton

d With the daa! indgator 1 place and not disturbed. bar engine over stopping at euch position (2.3 4 and 5
as ndicared on Form D 1063 Record each pos ton reading i mils (Plus or muus) o the agpropniate spoce for cach
positon

Repeat entire procedure for each crankshatt web and record readings on Form D 1063

' Compare all readings with cach othe: and with previous measurements Evaluate resul's based or the
standards set forth in the following patag aph. De' rming need tor cortective action

DEFLECTION STANDARDS

It the detlection in any crank of an engine i service exceeds 4.5 mils (0 0045 neh/Q 1143 mm) coregtive actinn i
ndicated. |1 the detlection in any web exceeds 9 mils (0.008 ingh /0 2286 mm) the engine shou'd pe takon out of
service until the fault s corrected Corrective action 13 also nucassary 11 the total getlection wn any paur o adjacent
cranks exceeds 4 5 mils For example, if the deflection «n one crank s 3 mils and the deflection i an adjscent o ank
15 Minus two mils, the total deflection would be five mils

Refer to pace 6-D-2A and B for specific gquidelines for cran'shaft &
. alignment for Shoreham Diesel Engines.*

*Ref. E&DCR F-46136)
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November 11, 1983

Mr. John C, Kammeyer '
Stone & Vebster Engineering Corporation

P. O. Box 604

North Country Road
New York 11792

Wading River,

Dear John:

Subject: Diesel Generators, TDI S/N 74010/12

Diesel Engine Alignment

This letter serves to clarify the basic guidelines
for crankshaft alignment provided by the TDI Crankshaft Web
Deflection and Alignment Record. The following Shoreharn
specific cuidelines for crankshaft alignment are

recommended:

(1) Engines designated for nuclear stand-by

service are subjected to infrequent
operation and are seldom operated under
load long enough for the engine,
sub-base and foundation to reach stable
-temperature; it is therefore desirable
to align the engine for a compromise
between keep-warm and hot web
deflections.

(2) Crankshaft position nos. 2 and 4 have

the same web deflection criteria as
position 3, these positions provide an
indication of horizontal base alignment
and seldom require corrective action.
Crankshaft position 5 for an in-line
engine should closely correspond with
position 1 since there is only 30° of
rotation between the two positions.
This position can provide an indication
of reading accuracy, while 3 mils
remains the criteria; any reading in
position 5 which exceeds 1 mil should
be repeated with the deflection gauge
reseated.



(3) The maximum of 3 mils deflection in any
single crank applies to cylinders |
through 7, a total deflection value ~f 3
nils between any two adjacent cranks
applies to all cylinders. Due to the
greater vertical growth expected at thc
rear of the engine, the limits for web
deflectior on the number 8 crank should
be increased to 4 mils,

(4) Maximum allowable deflections apply t«¢
both hot and cold readings.

(5) Maximum allowable deflections apply to
all crank positions for cylinder 1
through 7, reference comments concerning
position 5 in item 2 above and number *
cylinder in item 3 above.

Should you have any further questions regarding
this subject, please feel free to contact me.

Sincerely yours,

- -
—— . ” /,,/ 7 A
,A.';\f’-’,f\w’ o —

R. Johnston
Service Engineer

RJ / mmd
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PART D - CRANKSHAFT AND BEARINGS (Continued)

CORRECTIVE ACTION

The nature of the corrective action needed to deal with excessive Grank shaft detiections wiil vary, depending upon the
specific cause of the defect The cause may be worn mam bearings, improper foundation bolt torque, the foundat
itsell, or the grouting. misalignment of the engine and ' or driven equipment. or a combmation of elements. For instanc
excessive detlection at positions two, three or fouwr 10 the crank web adjacent 1o the externgl shatt ngs on engines having
a sohdly coupled connecting shatt usually indicates misalignment between the connecting shatting and the engine
crankshaft In some cases replacement of main bearings may correct the problem. and ofter the problem s cortectabh
by realignment of the engine. If one portion of the engine base 15 found to be lower than other parts, ot may te
necessaty to jack the base with jacking screws and shim the low area It must be emphasized that engine slignment
complex  trial and error type of procedure which should be undertaken by only expenenced and qualified personned
who are capable of correctly interpreting the web detlection pattern, and of taking the appropriate measures 1o Corect
detects 1tis recommended that the Transamernica Delaval Engine and Compressor Division Customer Service Department
be consulted prior to undertaking any corrective measures involving & suspected crankshaft al grnment problem

"o 6D 3 RN 727
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PART D -~ CRANKSHAFT AND BEARINGS (Continued)

CRANKSHAFT WEB DEFLECTION AND THRUST CLEARANCE RECORD

CUSTOMER _ ENGINEMODEL ___________SERIALNO.

Use this form 1o record crankshaft deflection and thrust clesrance information Thrust clearance should be measured by the dia' indicator
method Deflection snd thrust clesrance should be checked and ecorded immediately after grouting or chocking the unit the day belore
unit stert up. atter 7 days (168 hours) of continuous operstion, and each 6 months thereatter Deflection and thrust clearance checks
made after the unit 1§ i service should be made while the engine 5 hot, (e within & hours atter the unit has been shut down Record
the teniperature of the o1l in the engine lube 01l Wump tank or engine base

When an engine in which the connecting shaft 15 sohidly coupled 1o the fiywhee! s grouted on a concrete foundation the desied
detiection a! crank position No. 3 s 2er0 10 plus (¢) ) mil (one thousandth) n al cranks excep! the crank adjacent 10 the fiywhee!
which should be minus (<) 1/2 mul This detiection aliows tor thermal distortion of the concrete foundation

When an engine s mounted on & steel foundation, (e marnne installations appropnate compensations for thermal distortions of the
foundstion will be based on the locations and temperatures of fuel and lubricating O tanks adjacent to the engine foundat.on

If the deflection in any crank in an engine in service excesds 3 mils, corrective action must be taken Also f the total deflecton value
N any two adjacent cranks exceeds 3 muls, corrective action must be taken Exampie a +2 mils in any crank with a -2 muls oo the next
adjacent crank adds up to a total of 4 mils deflection between these adjacent cranks The exception 1o the above will be engines that
have & ftlexible coupling between the fiywhee! and the connecting shaft. These engines may have in excess of 3 mils deflection af
position No. 3 in the crank adjecent to the flywhee! |In engines with solidly coupled connecting shatting excessive detlecton at positions
No 2 3 or 4.n the crank adjscent ‘0 the axterna! shatting usually indicates misalignment between the connecting shatting and the
engine crankshatt

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

Position No 1 for placing the deflection gauge is as follows ALL INLINE ENGINES 15° AFTER BOTTOM CENTER
HV. HVA & GVB ENGINES 38° AFTER VERTICAL BOTTOM CENTER
AV ENGINES 52° AFTER VERTICAL BOTTOM CENTER

Record 01l sump temperature and thrust clearance and sign the form

INOICATOR (GAUGE CONMEC 7% ROO ”\ CRANKSMAL T

\ ASSEwE. Y ' N
\ / "N \/
. /HY .. . S

; P e b A \ ML I £y TANK | THRUST

it " " ‘s .& ol W ] T %4‘ DATE TEMP CLEAR SIGNATURE
L8 o § Bt * s i b x \ I
| \‘ - 4 4

W o ¥

PO 10N 8O ¢ PORITION NO 2 OSB! 110N O ) POSITION NO 4 BOSTION MO Rt e

Rt pwey o vout Top Dest Camiee 1Roe —— o

Record readings in mils_ 1 e 1% rather than 0.00125 inches
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Figure 6-D-1. Crankshaft Alignment Record, Form D-1063
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PART E — CAMS, CAMSHAFTS AND BEARINGS

GENERAL.

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

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

a Remove covers over camshaft

b. Disconnect lubricating oil line from bearing cap.

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

CAM REPLACEMENT.

Cams are positioned on the camshaft at the factory by hydraulically expanding the cam bore and sliding the cam
into position on the shaft. If it ever becomes necessary to remove and replace cams in the field, the following
procedure s recommended

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

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

¢c. Clean the camshaft and place on Vee blocks on top of a clean workbench. Make sure all burrs, dents
and other irregularities are reduced to the common diameter of the camshaft. Irregularities will prevent removal of
the cams.

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

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

f. Connect hydraulic unit to first cam nearest the tapered end of camshaft. Apply approximately 16000
psig pressure (or pressure that will allow the cam to slide on the camshaft) and move the cam towards the drive end
of the shaft.

A/AV.TS (Myd Applied Cams) 6E1
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Instruction Manual 6E 2

PART E - CAMS, CAMSHAFTS AND BEARINGS (Continued)

WARNING

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

9 Remove all cams in order

h. Wash and dry the camshaft and the replacement cams. Check that scribe marks are clean, sharp and clearly
visible. Lay cams out on a clean surface in the correct sequence and orentation for installation Refer to the sketch
and make sure the cams are facing in the proper direction.

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

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

- Move the cam to its correct location on the shaft. Align the edge of the cam bore with the circumferential
scribe mark and align the radial (longitudinal) scribe mark on the shatt with the mark on the cam. Release the hydraulic
pressure when the cam is correctly aligned,

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

6E2
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PART E ~ CAMS, CAMSHAFTS AND BEARINGS (Continued)

TIMING GEARS.

Timing gears are enclosed in the gearcase, and are lubricated by jets of ol Gearcase covers should be removed
periodically, and the gears inspected for wear and for backlash. Refer to Appendix |11 for backlash clearances. If the
prescribed backlash clearance 1s exceeded by 0.006 inch, or if damage s discovered, perform the following disassembly
steps to the degree necessary to accomplish the required inspection and repair. Accessories are doweled at assembly
If it 1s necessary to remove a dowel to reposition an accessory, drill and ream another dowel nole of the proper size
in the accessory mounting flange and in the gearcase

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

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

(1) Rig chainfalls and slings for handling gearcase.

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

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

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

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

(3)  Remove remaining capscrews and take a strain on the chaintall

(4)  Carefully pry bracket assembly free of the aligning dowels at the top and bottom of the bracket
(6)  Shide gear teeth clear of other gears, taking care not to damage any teeth

(6)  Remove long guide capscrew, and move bracket assembly clear of engine.

f. Remove camshatt gear assembly

4 (1) Remove cotter pins from camshatt gear hub retaining nut. A gear puller may be needed to start the
& gear hub off the shaft. The gear assembly will usually jump when it breaks free of the taper. If the initial movement

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

6E3
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PART E -~ CAMS, CAMSHAFTS AND BEARINGS (Continued)

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

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

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

(3)  Use two “Rosebud” type heating torches to quickly heat the gear until it can be slipped off the
crankshaft with the handling rods Be sure the exposed end of the crankshaft is clean and tree of burrs

INSPECTION.

Inspect gears for broken teeth, or other damage. |f gear s damaged, inspect camshaft with dial indicator to determine
f shaft s bent

il Clean camshatt taper and check fit of drive key in hub.
b Clean gear seat ares of crankshaft

c 111 15 necessary to remove the idler gear from the bracket, cut the safety wire and remove the four bolts
that hold the dler gear stub shatt in the bracket. Remove the stub shaft then carefully shide the gear out of the bracket
When reassembling the dier gear in the bracket take care not to damage the bushings or the gear teeth

ASSEMBLY.
Kl Install camshatt gear

(1) Lubricate camshatt taper with lubricating oil If a new gear hub 15 being installed, fit a new key in
the key slot

(2) It a new gear and hub are being installed, position the slotted holes in the hub aver the drilled holes
in the gear Install camshaft gear to hub bolts, washers and nuts. Tighten to hold gear and hub together

(3} Using a chainfall and sling, lift gear assembly into position and shide onto camshalt taper Assemble
washer and nut, tighten, and install cotter pin,

b Install crankshaft gear
(1) Heat camshatt gear 10 350° F in hot o1l Do not overheat.
(2)  Screw two handling rods into tapped holes in gear. Lift gear out of the il with rods, and with one

smooth, continuous motion, position heated gear against the shoulder. This must be done quickly before the gear
cools Allow gear to cool, then proceed.

GE4
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PART E — CAMS, CAMSHAFTS AND BEARINGS (Continued)
(3)  Set fiywheel to fuel injection point (see Engine Data Sheet in front of manual)
(4) Set the left bank camshaft so that number one fuel injection pump timing marks are matched
c. Install idler gear and bracket assembly
(1) Camshaft, idler and crankshaft gears are match marked at the factory. If the oniginal gears are being
replaced, install and align gears with these marks. If a new gear is being installed the following procedures must be

used 10 insure correct camshatt timing and engine firing order

(2)  Lift the idler gear and bracket assembly into position with a chainfall and suitable shing Align with
match-marks (if present) and mesh teeth. The camshaft gear may be moved part of a tooth to allow gears 1o mesh

(3)  Install & long capscrew through the top bracket mounting hole to serve as a guide. Seat bracket on
engine block and install all capscrews

d Adjust backlash clearance between gears

(1) Make four brass shims, 0.010 inch thick by ore-halt inch wide and six inches long. Insert shims
between crankshaft gear and idier gears, and between idier gears and camshaft gears

(2)  Loosen capscrews holding idler gear bracket to engine block, and lift idier gear assembly until shims
are held tight between gear teeth. This will establish the required backlash between each gear. Tighten dler gear retair
NG capscrews

(3)  Rotate the fiywhee! and check backlash clearance in at least four places around gear Refer to the

Table of Clearances |t backlash is within tolerances, tighten all idier assembly retaining capscrews to torque values
shown in Appendix IV Remove shims

(4) Dol and ream two holes in each dler bracket, install No. 108 -2 dowels in holes, and stake in place

CAMSHAFT TIMING
The camshatt of four valve head mudel engines must be timed to the engine crankshaft by the fuel injection pump
tappet Lift method only These camshalts are equipped with hydraulically expanded keyless cams and cannot be
timed by the cam key method

" Remove number one fuel injection pump

b Bar the flywhee! over until the tappet roller for number one fuel injection pump tappet is on the base
circle of ts cam

s Sot up a oneanch tiavel dial indicator on the pump base for number one fuel injection pump with the
spindie of the indicator bearing on top of the tappet pin for number one fuel tappet Zero the indicator

d Bar the fiywheel in the direction of normal rotation until the tappet roller tor number one fuel tappet
starts up the lifting ramp of 1ty cam

6ES
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PART E ~ CAMS, CAMSHAFTS AND BEARINGS (Continued)

e Continue barring the fiywheel until the degree mark for fuel injection for number one cylinder i1s directly
in hine with the flywheel pointer. This degree mark 15 shown on the Engine Data Sheet in front of the manual, and
on the engine nameplate

f Observe the dial indicator to determine the Lift of the fuel tappet at this point. Lift should be 0 197 inch
11 1ift s other than 0.197 inch, camshaft timing must be corrected

(1} Remove two fitted bolts that fasten camshaft ring to gear hub

(2) Loosen remaiming four bolts and rotate camshalt gear hub within ring gear to rase or lower the
tappet as necessary

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

(4) Observe dial indicator to find tappet litt after correction. Make final correction by rotating the
camshaft gear hub with ring gear

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

(6) Torque six bolts that fasten ring gear to hub to a torque value of 70 fib, plus or minus 20 ftib
a required to align cotter pin holes Tighten and lock camshatt bearing cap bolts if they were loosened 10 slip gear
tooth mesh

9 Replace number one fuel injection pump

h Re check tuel injection pump timing and cylinder head valve lash
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PART F — FUEL SYSTEM

FUEL INJECTION EQUIPMENT.

Each cylinder 1s hitted with an individual fuel injection pump and injection nozzie assembly The fuel supplytothe
pumps is from a common header, and a separate high pressure line connects each pump 1o its respective nozzie
assembly Fuel injjection equipment particularly the injection pumps and nozzles. is built to extremely close
tolerances and, therelore, it is essential that the fuel be delivered in as clean a condition as 1s possible This
requires that the fuel filtration equipment be maintained in the highes! possible condition of cleaniiness for
efficient operating conditions

e
r—

——FUEL INJECTOR

FUEL WOECTION PUMP

0 T — i e

Figure 6-F-1. Typical Fuel Injection System

PARTS LISTS.
Reter to the below listed group parts lists in the Parts Manual for a breakdown of the parts covered in this pari of
the manual

a 365 Group Parts List, Fuel Injection Equipment

b 371 Group Parts List, Fuel Pump Linkage

¢ 445 Group Parts List, Fuel Oil Booster Pump

d 450 Group Parts List, Fuel Oil Header

¢ 455 Group Parts List. Fuel Ol Filter

f

590 Group Parts List, Special Tools
g 825 Group Parts List. Fuel Oil Equipment

o8 ’F"
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FUEL SYSTEM (Continued)

FUEL INJECTION NOZZLES.

Because nozzles and Lips are subjecied 1o extremes \n pressure and temperature. they normally are among the
first sources of engine trouble A nozzie in good condition must pop open at the proper pressure without drioble
then close completely aimost immediately When subjected 10 a steady pressure al the opening pressure !
should “chatter  that i1s. open and close rapidly The spray form should be a unitorm finely atormized mist
pattern never a sohd stream If the fuel nozzie 1s suspected of maltunctioning, remove trom engine and test as
follows

a Disconnect high pressure line and drain connechons
b Remove nuts from injector studs and remove nozzle retainer

¢ Liftor pry the nozzie holger assembly from the cylinder head The use of a nozzie assembly pulier 10
(part no 00-590 01-88) 1s recommended Tris tool i1s avalable for purchase from the Transamernca Delava
parts sales department
d Plug opeming in cylinger head to prevent dirt or other toreign matter from entenng theé combustor
chamber
¢ Test the nozzle holder and hip assembly on a suillable nozzle tester checking for the !
conginens
(1) Apply pressure and check nozzie for popping action The valve should chatter f ot s sealing
properly
(2) Rase pressure slowly to determine pressure at which valve opens The valve should open a!
3000 psi (211 kg-cm?) plus 200 ps (14 06 kg-cm?), minus zero psi  The opening pressure 1s adjusted by
means of shims in the valve assembly requiring disassembly of the unit  See Figure 6-F 2
(3) Dry off spray ip and raise pressure to within 100 psi of the opening pressure and observe tip tor
anbbing of tyel

(4) Check to see if any spray lip holes are plugged

(5) Place a clean piece of paper under nozzle Lip and check spray pattern for undorm density and a
symmetrical pattern

(6) Nozzies that fail to perform satisfactonly should be repaired or replaced Referto manulacturer s
instructions in the Associated Pubhcations Manual

WARNING

The penetrating power of atomized fuel under nigh pressure 1s suthicient to
puncture the skin and serous imury can result To avoid this danger, the hands
must be kept away from a spraying nozzle
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‘ PART F — FUEL SYSTEM (Continued)

P RTOR B AT
& SPRNG Gt
§ NOQILE SPRiNG

MG PRESSURE LiINE Ny T
COMPRE 55 ON RiN,

GASKE

WOSPRING S A
ARSEME. v T
wPRAY TR . " .

W BOnY

NOZIE VALVE ASSY

Figure 6.F-2 Fuel Ijection Nozzie Assembly

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

Nozzie opeming pressure 1S adjusted by means of shims (11), located between the body (12) and the spring
seat (10) It the opening pressure does not conform 10 3000 psi, plus 200 psi. minus 0 psi. adjust as tollows

a Install nozzie and holder assembly on a pop lester then rapidly actuate pop tester handle four 1o six
nmes 1o allow the needie to set properly Pump the pressure up 10 the point where the pressure gauge ne« 1y
talls away quickly This point is the nozzle opening pressure

b It pressure s not correct, do the followng
(1) Disassemple the holder
(2) Ada shims i opening pressure 1s 100 low. of remove shims if opening pressure 1§ 100 high

(3) Reassemble and check opening pressure I fuel leaks around the assembly nut. it INdicates
poor lapped hits  Re-examine the pars

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

CLEANING SPRAY TIPS,

Bendix stresses the importance of maintaiming the onginal righ polish on spray lips. especially on the nose in
ordet 10 reduce carbon deposits as far as possible Careful reference should be made to the Bendix public ations
n the Associated Pubiications Manual tor the recommended procedures 1o be used in maitaiming this level of
cleanhiness

FUEL INJECTION PUMPS.

The fuel imection pumps are of the constant stroke, variable oulput type  Equally important with clean prop tly
agyusted lyel nozzies are cleun properly adjusted fuel injection pumps Refer 10 the Bendix instructions i the
Assocted Pubhications Manual tor complete details of the fuel injection pumps installed on this engine
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DESCRIPTION OF OPERATION
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PART F — FUUEL SYSTEM (Continued)
MALFUNCTIONING PUMP.

Should a fuel pump be suspected of mattunctioning, the following checks should be made before removing the
pump from the engine for inspection and reparr uniess it s known for certain tha! the pump s defective

a Check 10 insure that the fuel o1l is being delivered to the pump With the fue! il system pressurized
loosen air bleed screw on pump Fuel should flow freely with complete absence of air bubbles

b Hairis DfQS.fﬂ in tuel o1l loosen nuts on "'gh pressure ine connection atl nozzie holger end and bar
engine over until all bubbles disappear

¢ Ittuel ol low 18 sluggish at the pump. it is @ good indication that the tuel hiters are clogged Check ana
clean hilter

a It tuel oIl goes not flow, check fuel level in tank and for closed valves in lines

e Maving made certain of fuel ol fiow operate engine and it pump still does not function properly remove
and replace with spare pump

PUMP REMOVAL.

Fuel injection pumps are removed from the engine as follows
a Disconnect high pressure line fiting and remove high pressure hine from pump
b Disconnect supply and return hnes from fuel pump
¢ Disconnect fuel control rack from linkage

g Remove hold down nuts and ift pump off mounting studs
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Figure 6-F-5 Fuel Pump
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PART F — FUEL SYSTEM (Continued)

DISAS “EMBLY OF PUMP (See Figure 8-F-5)

The manufacturer s instructions contained in the Associated Publications Manual provide detailed instructions
for the overhaul and repair of fuel ijection equipment, and should be consuited when any work 1s being done on
tuel injection pumps Pumps may ve disassembled as follows

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

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

¢ Remove plunger follower Take lower spring seat from plunger, then carefully remove plunger from
barrel Carelully submerge plunger in spindle ol

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

e Remove pump from vise and re-secure in an upnght position
f  Remove delivery valve flange and delivery valve holder Remove and discard preformed packing
g Remove delivery valve stop and spring, then, using a delivery valve puller. carefully remove delivery

h  Remove barrel locating screw then slide barrel from housing

i Remove control rack locating screw and control rack. Do not remove timing indicator or shims unless
pump 1S to be re-calibrated

. 6-F-6
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PART F — FUEL SYSTEM (Continued)
ASSEMBLY OF PUMP (See Figure 6-F-5).

Assembie the pump as follows, observing the manulacturer s instruchions in the Assocrated Publications
Manual

a Secure pump housing in a vise in an upright position

b Position control rack in housing with teeth facing center of pump Install lockwasher and control rack
locating screw, making sure the screw enters the rack locating gr ove

c Insert barrel in pump huusing Locating groove must be aigned with [ccating screw hole Install locs
washer and locating screw

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

e Install upper spring plate anda plunger spring then carelully star plunger into barre! It should settie i«
of its own weight Turn plunger so ‘narked end of crossbar will go Into control sleeve 1ot that nas a mark 4 s
ton

t  Position lower spring plate on end of plunger Fit plunger tollower into housing Compress ang nger!
pin in housing flange Install lock nng and remove pin

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

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

i After pump 1s completely assembied, hold it honizontally with the control rack vertical Therack shoula
setlle to i1s lower extreme Dy 1§ own weight

| Wpump will not be immediately instalied, fill inlet and outlet with clean anti-corrosive lubnicating o ara
clpse openings with caps
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PART F — FUEL SYSTEM (Continued)
PUMP INSTALLATION AND TIMING.
/W‘ pp— i a— Reler to the Engine Data Sheet in the tront of the
‘ manual. and 10 page 6 A-1 for getermination of
A = / = engine rotation bank designation (V. type er
k- . gines) and cylinder numbernng The tiywhee! 1§
| o marked 0 locate 10p dead center (TDC) of eact
! : - cyhnger, and is laid oul in ONe degree incrarmants
' | 8 ' for the twenty-tve crankshalt degrees preceading
‘ e .0 TOC (see hgure 6-F-6) For instance on a six
*—" L'—-J cylinger inline engine there will be marks  TOC
L| 186 "TDC 285 ana TOC 384 each pre
L-j ceeded by degree marks Qn esght cylinder iniine
’ " engines the markings will be for Cylinder pars
e 188 247 386 and 485 Markings onthe flywhee
a neraren an noraron for V-type engines follow the same paltern escep!
that the banks are also designated Refer 1o the
Figure 6-F-6 Flywheel Timing Marks Engine Data Sheet inthe front of the manual for the

tuel injection point  Install and time fuel pumps as

follows

a Before mounting pump on engine. and with the fuel tappet rolier on the base circle ofthelfue cam (see
fhigure 6-F - 7) measure distance from the fuel pump mounting surtace on the base assembly tothetappet with a
dgepth micrometer Add or remove shims from the top of the base assembly to obtain a measurement if approx

imately 0197 inch

b Place pump on base assembly and install nuts on studs Torque nuts as specitied n Appenda |\

¢ Bar engine over in the direction of normal rotation
until the tiywheel pointed 1s aligned with the tuel injection point
(degrees BTDC specihied on Engine Data Sheet or Name-
plate) for the cylinder served by the tue! pump being installed

d Observe plunger follower timing mark in pump
nming window | the plunger follower timing mark does not
line up with the index mark on the hming window, remove
pump and add or remove shims between the pump and the
pump base assembly as necessary so that the marks will ine
up Re-installthe pump and bar engine through one complete
injection cycle 1o insure that marks do ahgn at the fuel
injection point

CAUTION

Figure 6-F-7 Pump Base To Tappet
Adjustment

The iming mark on the plunger follower must never go beyond the upper of
lower edge o' the nming window It it does, the pump may be severely

damaged
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PART G —~ ENGINE CONTROLS

OVERSPEED TRIP (See Figure 6G 1)

A Woodward Mode! SG overspeed trip governor is mounted on the gearcase end of the engine At a prese! engine
speed (15% above rated speed) it will initiate positive engine shutdown by tripping 8 dump valve which vents the
automatic satety shutdown systern Operation of the overspeed trip governor 15 as follows

PEED ADAUST NG
whew

SERVO LY
ADASTING SCREW - . .

RESET PRING -

g
SPLED ADASTING TERAMINAL SHAF T
LEVER

HIGH SPEED E TERMINAL LEVER
STOP SCREW

PO PANG e | -
FLYWRIGHT

pd

T —

%%

RELIEF vALVE
PLUNGER

&

e
rd

O INLEY

RELIEF VALVE SN & ~
SPRING AL \
l : PILOT VALVE

' PLUNGER
ro &

1 e aran

Woostw e d Buienun 040 264

Figure 6.G 1 Overspeed Trip Governor

o O enters the overspead trip at the o inlet, drops down nto the cavity on the suction side of the pump
gears, then around to the pressure side of the pump |f the supply of pressure oil s greater than required, the pury
builds up pressure until the relie! valve plunger s pushed to the left against the force of the rele! valve sproing Thig
uncovers the bypass hole in the reliet valve sleeve and o/l 1§ recirculated through the pump It the overspeed trp
requites more o than s being recirculated, pressure will be reduced and the spring will move the relie! valve 1o the
nght, blocking the recirculating passage to maintain operating pressure Additional oil as needed will entor the pumyg
through the inlet port
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PART G ~ ENGINE CONTROLS (Continued)

b The pilot valve plunger controls the movement of the power piston by directing ol to or from the ares
beneath the power piston. The power piston in turn controls the position of the terminal lever, and, therefore, the
position of the terminal shaft Two opposing forces act upon the pilat valve plunger - the speeder spring torce tends
to push the plunger down and the centrifugal force developed by the rotating fyweights tends 10 [ift the plunger

8 When the engine s operating below the trip set point the speeder spring force holds the pilot valve plunger
down and connects the oil under the power piston 1o drain. The reset spring, pushing the reset rod agairst the terminal
lever, holds the power piston down

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

v When engine speed drops back below the reset speed the speeder spring pushes the pilot valve plunger
down and the area under the power piston is again connected to the sump. The reset spring rotates the terminal lever
and pushes the power piston down. Oil is then recirculated through the pump as before

OVERSPEED TRIP ADJUSTMENT.

The speed at which the unit trips is determined by the position of the speed adjusting screw. Turning the screw into
the cover rases the tripping speed, and turning it out lowers tripping speed. The overspeed set point 15 adjusted at
the factory, and under normal conditions should not be changed in the field If it becomes necessary to reset the trip
point follow these steps

a Back out servo Limit adjusting screw so that it does not Limit travel in the power piston

b Make tentative speed droop bracket setting at approximately one-half its travel from minimum to maxamum
droop

¢ Make preliminary tripping speed adjustment with speed adjusting screw.

d Readjust speed droop bracket to obitain approximately ten percent excess range, then readjust trpping
speed. The speed adjusting lever can be locked in place by tighterming the high speed stop screw aganst the speed
adjusting lever

- Reset overspeed trip at a speed shightly below the desired reset speed. The servo limit adjusting screw
attects only the reset speed. Turn in to raise the reset speed to the desired value
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PART G ENGINE CONTROLS (Continued

GOVERNOR DRIVE ELEMENT REPLACEMENT

Because of 1ty operating eny ent, the Buna !

vern ve Coupling
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PART G ~ ENGINE CONTROLS (Continued)

LOGIC BOARD TROUBLE SHOOTING

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

a Check that there is proper supply pressure in the system, as specified on the applhicable system drawings
b Check that all operator controls are in the correct positions for the selected mode of operat

¢ Check the board for the proper output signals Since the system s designed to provide a predictable sores
of output signals, the first place to start trouble shooting 15 to determine f the output Signals that shold be present gre
present, and which ones should not be present when the problem occurs Check out procedures Yor indwdual log
boards are shown on the dreawing for that board Also, check to see ! the signals come on and off sharply withou!
gradual increases or decreases in pressure uniess thes o called for in the check out procedures. 1t the increase of decreaw
is slow, check ftor leaks. pinched tubes, etc I the proper signals are present then the malfunction may be ir one of the
power devices

d Check for proper input signals to the logic board Once the determination has been made that the outru?
signals from the board are not on and off at the proper time, check the input signals 1o the board to Mmake sure they are
correct. Once again, return to the control schematic drawings and determine which input signals are to be on and which
are supposed 10 be off when the problem occurs Of equal /mportance s the order in which they go on and of!

© Once the output signal conditions have been checked and found 1o be incorrect, and atter the input signals
have been checked and found to be correct, then and only then is the circuit board to be considered for trouble
shooting Make sure the problem s in the circuit board betore proceeding

CHECKING LOGIC ELEMENTS.

It & logic board s not parforming properly, the logic alements should be checked for propet installation on the board
before removing them  Then, if the functioning of an element is suspect, it may be removed and replaced Testing and
the repair of the elemants should be in accordance with the manufacturer’s instructions in the Associated Publications
Manual

Fl Reter 1o the layout diagram on the appropriate assembly drawing and check element location on the
circuit board to make certain that all elements are in their proper locations

b Check tor proper rotation of each element Elements can be rotated 1807, providing two ditferent positions
that it can assume on the board The rotation 1§ selected at the time the circuit is designed and must agree with the
circunt pattern layout Each element has an "a” or a 'b" located on its top cover and these letters are 10 be orented as
shown on the assembly drawing Any element that (s mislocated or rotated should be changed and the circut recheck vd
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PART H — ENGINE BALANCING

GENERAL.

The load on a diesel engine should be evenly divided between all cylinders. If it is not, one or more of the cylinders
will be forced to carry more than theirr share of the load while other cylinders loat with a resulting loss in operating
economy and the possibility of experiencing one or more of the following conditions

o Scored pistons and liners

b Excessive vibration

€ E xcessive piston, valve, bearing and crankshatt wear
d Excessive fuel consumption

¢ Excessive lubricating o1l usage.

CYLINDER BALANCE.

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

CAUTION

This setting should not be changed in the field, nor should shimming ever be used between
the fuel rack lever clamp and the fuel rack lever to change fuel rack settings for individua!
cylinders. Also, the female rod end which connects the fuel rack lever to the fuel rack shou'd
not be adjusted. When a variation in cylinder exhaust temperatures indicates on overloaded or
an underloaded cylinder, this condition should not be remedied by changing the individ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>