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SAFETY PRECAUTIONS

For delails on salety rules and regulations in the Linited States,
contact your local Ocoupalional Safely and Health
Admingtration [OSHA)

Thesa salely precautions are published for your information
Arrow Spacialty Company does nol, by the publication of these
precautions, imply oF in any way represend that these pubished
precautions are tha sum of all dangers present mear industrial
gngines, H you are operating wsdustrial engines, i is your
responsibility 1o ensure thal such operation is in full
accordance with all applicatle ealaty reguirements and codes.
All reguiremsnis of the United S1ates Federal Occupational
Safety and Health Adminéstration Act rust be met whien Afmow
angines are oparated in areas that are undar the peisdiction
of that United Stales departmenl. Engines operated in
countrias othaer than the United Stales of Amenca must be
installed, oparated and serviced in accordance and compliancs
with any and all safety requirements of that country which
may be apphcable.

BODILY PROTECTION

Waar QSHA approved bodily, sighi, hearing and respiralony
system protections. Méver wear loose clothing, jewelny or
keng hair ancund an engina,

EXHAUST GASES

Engine exhausl products are foxss and may cause injury of
death il inhaled. All anging installatons must hiave an exhaust
disgcharge pipe 50 thal exhaust gases ané dedivered into the
outside air, A closed building or shelter must be adoqeslaby
venbed to provide a steady supply of fresh air,

ENGINE FUELS

Engine fuels arg highly combustibde and may kgnibe or axplods
Fuals must be conducted 1o the engine with proper paping,
free from leaks, and designaed to resist breakage from
vibration. When filleng fuel lanks, never smoke or use opan
flama in the immediate area. Fuel lanks should be groundad
o prevent busldup of static electricity. | a gas engine has
been cranked cxcessively without starting, shut off the gas
Tusl suppdy and ignition. Then crank 1he engine 1o punge the
cylinders and axhaust sysiorm of accumulated. unburned gas.
Il you lail to do this, a spark pheg could ignite the gas and
CHuse an exphosion,

POSITIVE FUEL SHUT-OFF

Some means o posithve fuel shut-off should be provided for
amargency use. Pressunized fuels (natural gas, lquified
poiraleurn gas, eic.) should have another positve shul-of
vahee, preferably aulomatic, obher than thage n carbunator of
pas pressure regulation equipment, 1tis tha final responsibility
of the enging cener 1o ansure thal Ihe installation is free Trom
fuel or exhaust leakage, and such installation meets all
applicable codes.
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GAS USED TO ENERGIZE STARTERS

Gas used to energize starters must be discharged away from
the enging into & harmless area, Ignition connecticns and
dlecincal equipment on engings éxposed 1o a potentially
explosie almasphere should be eguipped to eliminate spark
hazard. It is the responsibility of the engine ownar to specity
or provide such connections and aquipment.

SAFETY GUARDS

Engines must be provided with guands 1o prolect persons or
struchutes from rolating or healed parts. It i3 the responsibility
of the engine awner ko specify or prowde such protection,

CRANKCASE ANTI-EXPLOSION VALVES

These valves must ba kept in proper working condition to
relieve crankcise pressure.

IGNITION SYSTEMS

igrition eystams can cause electrical shocks. Avoid contacting
ignition units and wirng.

A spark plug will fira if the storage capacilor in a breakedess
magneato has been charged by hand-tuming the magnelo,
This happens sven though the kgniticn systam harness is
disconnected at the magnelo. When the harness s
reconnecied, and the ignition Switch & in the "on® position,
the capacitor will discharge and fire & spark plug. The plug
will ignite ary gas tha! has sccumulated in thal cylinder, The
crankshall and driven equipment may rolate, possibly causing
parsonal injury or damage to equipment. Gas that has
accurmulaled in the exhaust sysiem may also b ignited.

Belore reconnecting the igniion harnass to & bieakerless
magnets, discharge the storage capacitor 1o ground. Do this
by clipping one end of & wire lead to the magnoto housing.
Then leuch the other end o the hamess connecior pins on
the magneto. You will hear a snap when a capacitor
discharges.

i the ignition Switch is in the “off” position, the capacilor is
immedialety dscharged to ground when the ignition hamess
is reconnected fo the magneto.

As a salety measwre, ground all pins, Some breakeress
ignition systems have mor than one slorage capacilor,

If a gas engineé has been cranked
asessively withoul staning, shat off the gas
fugl supply and ignition. Then crank the
enging o purge the cylinders and exhaust
gystem of accumulated, wnbumed gas, If
you fail to do thiz, & spark plug could igRite
the gas and cause an explosion,




COOLING SYSTEM PRESSURE CAPS
AND CONNECTIONS

Da not remowve the pressune caps while the angne & operaling
of while coolant is hot. The cooling systam s under pressune
and sevens bums could resull from the hot coolant spewing
oyt when the cap is removed. Wail until the engine and coolant
have cooled down belors remaving the radiator or sunge tank
caps. Always replace waak hoses, lines, and fitings.

FUEL INJECTORS

MWever allow an injector o spray agang! the skin, The huel od
will penatrate the skin and may cause serous infection and
injury.

GEMERATOR SETS

The voltage produced by generator sats is dangarous., Severs,
possibly fatal, shock may result from contact. Maks surng the
genaralor sel is grounded belore eperation. Be extramaly
caraful when the unil or sasTownding ansa S damp or wel,

When servicing any part of tha electrical system or making
Ay connections, maks sune main power switch iz OFF. Claan
or service genaralor sel only when enging 5 shul down.

I case ol an accident from electrical shoek, shud down the
generator set al once. N it cannot be shut down, free the
viclim from the live conductor, Avesd direcl contact with the
victim. Uss a dry board, dry fope, & any nonconducting
implamant to frea the wviclim. H the viclim iz unconscious,
apply anificial respiration and got madical help.

Do not operate the generater set with the ammaeter circuit
apen, Voltage, dangorous fo bolh equipment and personnel,
can be generabed in an open secondary cirewll of a current
transformer.

if the genarator sal is stopped by operalion of salely devices,
do nal akblermpt o operate it untd the causa has been elimnated,

When the genarater sel is shut down after operation,
disconnect all line switches 1o all exiemal powaer load and
parallel Circuils,

ENGINE AND EQUIPMENT, REPAIR AND SERVICE

Always stop the engine belere cleaning, servicing, of repainng
the engine or driven equipment. Place all controls in OFF
position to preven! accidental restartng. N pessible, lock all
canirels in the OFF position and take the key. Pul a sign on
hee Ingtrument panel waming that the engine is beang sendced,
Before restarting, make sure that all bools and other matedal
are romoved from the engine and equiprment,

Proper sarvice and repair are important 1o the sale, refiable
pparation of engines and related equipment . The proceduras
recommended by Arrgw in this manual are elfective melhods
for parforming service and repast aperations. Some of these
procodures require the use of specially designed tocls. The
spocial looks shoukd be wsed when and &8 recomménded.
Lrryond wid WSES @ service, repair, or installatian procsduns
not recommended by Amow must first satisfy themsehes
thoraughly Thal their salety will not be jpopardized by the
service mathods thay select,

HOUSEKEEPING

Good housekeeping results in a clean, safe work area. An
ordedy work area with clean walkways and neatly arranged
tools and equipment i3 a major iacior in accident prevention,

ENGINE FAN BLADES

1. Do nol operale the enging with a fan which has been
bent, mutilated, meddied or in any way damaged.

2. Do not opovate the enging il the fan contacts or stikes
any engine accessory or the radialor shroud or core.

3. Do not rebalance the fan. Contact the tan supplier i
rebalancang is requined.

4. Ensure that all bolts attaching the fan arg Securaly
installed to a torque specilied by the angne or vahicka
manulaciurar.

5 Inslall the fan 50 the word “tronl™ stamped on the fan
faces the radialor,

& Pordorm all required maislenance on the subassembly
ko which the fan is attached (sater pump, fan dive, ete)
(Sea oparalor’service manual )

7. Do not modify or substibie any pare of the engine without
the approval of Amow Specialty Company. Take special
care nol to make modifications which will increase the
operating spedd of the fan.

B, Install the fan only i the engine has been approved for
tan installation. Likewise, ingtall a subassambly o which
thi fan  aitached (water purnp, fan drive, atc.), only #
approved of specitied for use on the engine,

9, W ihe fan or lan drive containg any plastic of rubbar
companen!, have the fan and drive inspected by a
qualified mechanic aller operation &l or exposura 1o
aucessivaly high temparatures [above 250" F. (1207 C.)
air temparatural.

10. Replace the fan if indications of excéssive comosion o
ercsion appear in tha fan,

11. For reversible or adjusiable pitch fans, make sure the
blades ane comectly locked in the proper position pror (o
operation, Also, inspact tha fan prios 40 operation o enswune
that ice and dirf have not accumulated o the Fan 1o cause
potential unbalance of the fan,

12, Be sure all fans, Tan drives and Bails are propery shiclded,
TURBOCHARGERS

Turbechargers are specifically dosigned far each application.
Mozzle rings must nod be changed without consulting the
enging manufacturer since they limil turbocharger rpm.
Excessive rpm may result in turbochacger failune with resultant
personal salely hazards. Turbochargers operala at high
temparatures. Therelare, all lammable material must be kept
away from them. Engines must be shul dawn and at room
lemparature balore werking on  turbochargers of bums will
ripsull. Keep all forelgr matedial away from turbeeharger
apenings,
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ENGINE STORAGE CHEMICALS

Presarative oil containg a petroleumn distillate which is harmful
or [atal i swallowed. Avoid contact with skin, Vapor i harmbul
and causes imlation of eyes, nose, throat and skin, Lse onhy
with adequate ventilation. Avoid prolonged or repeated
breathing of vapor. Avold contact with eyes, and clothing. Do
mod take intemally. Keep container closed and away from heal.
Always read and observe the "CAUTION® labals on the
containers. Do not destroy the labels on the containers.

Gongrally, hialing of presarvalive compounds is confined to
200° F. (23° C.) or less. These ternparnatunes ane easily raached
by placing the presenative container in heated water. K this s
dana, the container must be vemed or opaned fo reduce the
danger of explosion, Dirgéet heating presents a dangerous and
unnscessarny firg hazard,

FIRE PROTECTION

Locate fire extinguishers so that they ane easily accessinie if
a fire starts. Carefully maintain records of extinguisher
inspection and rechanging o ensurs the fire extinguishing
capabiliies when reguired. Consult your fire extinguisher
supplier or insurance engineer lor fecommandalions on the
Iype, size, and quantity ¢f fire cotinguishers required. Saelect
and posl allernate routas of escape from any enging
installation. Design installation to masd o applicable fire codes.

CLEANING SOLVENTS

Usa approved cleaning solvents in a well ventilated area. Avoid
braathang fumas; some vapors can be latal, Keep sway from
opan flames or sparks. Do nol use gassling or paint thinners
or othar highly volatie fiulds for cleaning. Always read and
sbsane tha “CAUTION" labels on containers, Do not desinoy
the labels on the confainers, Cleaning sabents can cause
varous types of skin imigations,

WELDING EQUIPMENT

‘Walding gas cylinders can sxplode il darmaged. Cylinders must
be stored in accordance with mandaciurer's specifications

and applicable safety requirsments,

When using acelylene, check valves ahould ba insialled
beteean the regulaters and hoses to prevent ashback inlo
the: regulatars and supply tanks. Flashback could cause Tha
regulators and supply tanks to explode,

Oily and greasy malerials must be kept away from oxygén
valves, hoses, elc, Cygen may combine with such materials
and explosive reaction could rosul,

Always wear prolective eye shislds when walding, cutting or
walching a wekding operation, Protective clothing and face
shiskds must ba wom. Do not weld or cul near combustible
rraterials,

GRAOUNDING PRECAUTIONS WHEN WELDING

Whan using an eleciric waldar on an engine, clip the grownd
lead a5 close 10 the welding el as possible. Pufling tha ground
lead 1o tar from the welding sie may result in arcing across
the main bearings, and fusing tham to the crankshal.

ELECTRIC POWER TOOLS

Be ceraln the electric teol is propedy grounded, Wear proper
eyaprotection. Do nol work in wet or damp condilions. Be
sure the bl 15 in good condition and salety guards are in
position. An slectdc trouble light must alas be grounded. Do
nol cary slectnic power tools by the cord. Do not yank the
cord whan remaoving lram an outlet; instead, grasp the plug to
remave it from an outlat.

LEAD ACID BATTERIES

Always disconnect the battary ground connection from
batteries before perfarming any work on the engine or
equipmsnt, This will prévent Sparks or bums when accidenthy
shorting an élecirical connecton.

Hever expose batieries o open flama or electric spark. Battery
action generales 8 flammable, explosive gas. Do not alow
battary fluid ta contact skin, eyes, fabrics, or painted surlaces.
Battery fluid is & sulluric acid solulion which could cause
serious parsonal injury or praparty damage. Wear eye
profection when working with batieries.

Frecautions When Using Booster
Batteries and Cables

D ot altempt 1o jurmg star an engine kaving a frozen batlary,
The batlery may rupbure or explode. Before siarting, examina
all fill vents on the battery. If ice can be seen, or if the elecirolyie
fluid cannot be seen, donol atiempt 1o star wilh jurmper cablas,

Batterigs should be theated carlully whan using pemper cablag,
The lollowing procedures  assist in reducing sparks and
explosion hazards abways present in both batleries when
connecting charged batierias o dscharged batteries.,

Turn off all electrical loads. Remowve venl caps and lay a damp
choth over open venl wells of gach badtery, The chanped boosier
battery or balieries roust have the same vaoltage capacity as
the discharped baltery or batleries.

The posities post i identilied by a "+°, pos. and red color and
is karger in daametar than the negative post.

The negative post is identified by & *-*, neg. and gray color,
Megative Grounded Battery or Batteries

Firgl, connect one jurnper cable from the posithee post on the
charged baltery or balteres to the posilive post on the
discharged batlery or batteries. | more than on batlery is
connacied i "senes” or "Sseries parallel”, connect The jumper
cable 1o the pogitive post thal has the cable leading 1o the
slarting motor.

Second, connacl the other jumper cable from the negative
past on th charged ballery or batteres 1o a good ground on
he enging,

When remawing jurmper cables, always disconnect the ground
jumper cable from the engine belore disconnecting the othar
jumpar cable,




Paositive Grounded Battery or Batteries

Thig i the $ame procedure as for negative grounded battery
or balteries, excep! the negative post will have the cable leading
to the staring mator and the positive post will be grounded.

COMPRESSED AIR

Compressed air or gases should never be used to clean
clothing or the body. Compréssed air can pierce the skin and
causs severe and vary painful injury. Mever use your hand to
check air, gas, or liguld flow rates. Do not éngage in
“norseplay™ with air, gas, or liquid hoses. Observe all applicable
regulations as relaled to compressed gases.

SODIUM FILLED VALVES

When handling sodium filled valves always wear approved
safety goggles, a hat or cap, long sleeves, and gloves. If
redacing of sodium filled vahes is required, do nol axert undue
farcs a1 tha grinding wheel as this could crack the hollow vahe
stem and allow the sodium to ascapa.

Do nat handle broken sodiurm filled valves with bare hands.
Sodwm or sodium residee can cavsse severs bums. Sodium
bums are of the same nature as caustic buma. Wash bunng
with lange volumes of cold waler, than neulralize with vinegar.
The alected paris should then be trealed as & burn and
medical attention sought.

If & broken vabes should ignite, smether the flames in dry
soda ash or dry sand, Waled, carbon dicxide in any famn, o
~arbon lefrachionda should never be used on sodium fires
snce Ihose mabedals ract violently with hol sodivm, The
smoke and fumes are irritaling. adequate ventilation should
ba provided and inhalation of contact wilth the smoke and
lurmes avoided,

Broken sodivm filled valves may be stored pror o dispasal in
muoisture free clean oil or kerosene, Unsarviceable sodium
filled vahas mast be disposad of in accondance with local,
stale, andior federal regulations as applicable,

INTOXICANTS AND NARCOTICS

Workars under the influence of inlexicanis andfor nancolics
aré unsafe workers and are 8 hazard o themsebses and olhar

amployaes.
SAFETY PRACTICES FOR HANDLING ACIDS.

Throughout this manual, agid cleaning procedures are
mecommended for certaln castings or pieces ol aquiprmen,

Always add the acid 1o the water - never
add waler to acid when mixing salution,

1. Awold contact with skin, clothing, and ¢yes

2. Dascaling oparations should be perdommed away from all
firg, spdrks or other ignition sources.

3.

4,

1.

11.

120

Keap acids off of concrete floors, as il altacks lime in the
concrate, I solution doas get on concrale surfaces, apply
an alkakne solution fo neutralize.

Acids can react with medals to form various gases.
Generally, acid sclutions on lime scale and nus? resull in
the formation of hanmless carbon diogde. However, when
acids contact aluminum, znc, cadmium, tin, sullides,
arsenic and cyanides, poisonous and explosive gases
may b generated. When descaling is being done in
closed equipment, install proper ventilation to carry the
gases away. When an open tank or crock is used, gases
should be diluted by adequate air flow above the open
fank.

Abways fill closed vessels from botom up.

Be sure that there are no leaks in the vessel baing
descaled which will parmill golution to leak info opposite
side of equipment. Good practice is to fll the opposite
side of the equipment being descalad with water to a leval
higher than the acid sohution.

Wsa an acid-prool pump, or an inexpanshva, agpandabls
G,

When mixing wilh water, pour acld Into the waber, 36 not
pour water in concenrabesd acid.

Do nod agitale ackd solutions with air,

Applications of acid should be followed by thorough
rinsing, then neutralizing with an alkaline solution 1o
rimove all acidic residue, to prevent furhar action.

Slore acid solutions in either an acid-prood wooden or
syrithilic nibbar ined steel container should be used.

Check sleal aguipment 10 bo irealed with ackd solution
fer copper of brass fittings or Tusible metal plugs. If
possible, dissimilar metals should be removed prior to
descaling 1o provent electrolytlc action which might
intarfere with the inhibiting action of acid solution. Do ned
use acid to descale aquipment constructed of aluminum.




VARG 155 GASOLIME EMNGINE - RIGHT FROMT VIEW

EMGINE MODEL VARG 155
D placs s cu, in, 165
Mars 2 0
inches 3 B@°
Bare mim o2 0
inches 3 W4
Stroke i a5.0
Spead Ranga e 1200-2200
Maximum Continuous Horsapower BT a7 HF @ 2000 rpm
Mak. Gas 29 HP @ 2000 pm
MNommal Ol Pressns psi 2505 |.|'|.qu § @ 1500 pm
12 (min) & B00 rpm
*F 200 - 220
il Temparaburne - 933 - 1044
Mormal Coclant Temparalune " 180 - 200
" g2 - 5933
Spark Phug Gag 025 i, B3E rm
Whaight (Dny) b, 520
ke 236
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QUICK TROUBLE CHECK CHART FOR OPERATORS

CHECK CONTROLS

CHECK FUEL SYSTEM

CHECK COOLING SYSTEM

CHECK AIR INTAKE AND EXHALST
SYSTEMS FOR BLOCKS

CHECK MECHANICAL THINGS

CHECKING IGNITION ON GAS ENGINE

follow starting steps, re-satting safety controls
remote or avlomatic operation engines have special procedures

be sure fuel is getting to engine; check valves for open position,
check possibility of water, rust, pipe scale: diesel - check supphy
lines for air lock and fuel filters for plugging

coclant level okay and system not air locked
radiator not blocked (trash), shutter open, and fan operating
raw waler valves open Io heal exchanger

air filter dirty, check air restriction indicator
air intake or exhaust outlet capped

check throttle and govemnar cantral inkage for freedom from
slicking and inlerference

axamine accessory drive belts for condition and tension

it cranking speed seems low, check batiery condition

walter on ignition pans and wires
signs of cofrasion at wire terminals or broken wires

spark plugs poorly gapped or wom out

IF THESE CHECKS DO NOT SOLVE THE PROBLEM, REFER TO SERVICE MANUAL

TROUBLE SHOOTING

22—



COLD WEATHER STARTING

An engine jacket coolant healer, lubricating oil heater, andor
ther approved siarting ald should be ulilized as required for
<ald weather starting.

¥han amstnt iemperatures dictate the need or oold weathar
ether starting aids on VAD Series Engines, the following
quanblies should be used: VRD15S5 and VRD2Z32 engines - 2
10 2.5 oo measured quantity; VRDE&3, VRDI10, and VADI10S
angines - 3 o 3.5 ot measuned quantity.

Careloss use of ether starting aids can resull in serous
damage fo &n engine, such as broken rings, pistons, or
cyiinder heads. Only one maasured guantity, as cutlined above,
ig fo be used per 20 second cranking inferval, If engine falls to
start alter second injection of ather and 20 second cranking
interval, refer fo troubleshooting procecunss as other engine
deficiencies are indicated, Do not attach starting aid fo
angine. Engine vibralion can cause seal fallure in the ether
containgr, This cowld allow ether o discharge onto the
anging, crealing & fre hazard. Mounl starding s on vihicle
or equipment frame and connect it fo engine intake manifaid
by i pxible hose.

BREAK-IN PROCEDURE

“law or overhauled engines should receive a break-in un.
JTE: All mew Class A diesel engines receise a braak-in run
bedore shipment from Arrow Specialty Company. This
eparation can be perormed with the lube ol specified wnder
LUBRICATING OILS. Aftar warm-up ol approximately 30
minutes, proceed with a load and unioad cyele, Fopeated
loading (minémumn of half load, maxdmum full load), with equal
idle pericds in 5 minute inervals for a pericd of two hours,
results in rapid break-in and guick seating of piston rings.
MWevar ke for mone than 15 minules during the braak-in or for
tha first 100 hours of operation. NOTE: Stand-by generalor
engines should follow this procedure using a load bank.

EXERCISE OF STAND-BY UNITS

It is recommended thal a generator set or other stand-by unit
be axeicized onct cach week, A record should be maintained
of perdformance, incidental senvicing. and outpad af Balh the
enging and driven eguipment,

Always operate the engine long enough to stabiize ol and
wabel iarmperatures at the nommal operating lewsl sxpecled
under load. Do nol ogarate under no load condtions lor othar
than very briel pencds. Loads of al least one-third up o the
mormal rated capacity are recommanded. Ordinarily, an
exercisg run of one lo one and one hall hoyrs will Be needad
o stabiize temperatures. if the engine cannat be loaded, i
should not be exercised for more than 10 minuies each
exercise period.

It is recognized thal some types of driven equipment cannot
be oparated without fairy extensive procedures to “put them
in ine”. Examples are hospital generators in some types of
swilching configuration; air-conditioning compressars which
can only be loaded by changing over to chilled water from
healing waler circulation; and pumps which ane nol set up for
waste discharge or recirculation. In such cases, weekly
EXECiSE paricds may have 1o be reduced, whare possible | 1o
operational periods long enough only 1o prove the engine's
abulity ko crank and start, or, checkout of starting circuitny ard
safety equipmeni with the starier disabled. |n this adanl,
special aftention must be faken to prevent inlemal corrosion,
sticking and gumming of fuel contrals, and deteroratad
#arting batteries. In all cases, amangements should be made
tex run the engine and driven equipment under load ai least
every 30 days.

LIGHT LOAD OPERATION

We recommend the follewing maintenance schadule for all
VH Seres angines thatl ané consistently run at 25% or less of
the continuous duty rating. This schadule is to be lollowed in
addition to slandard maintenance procedures.

1. Mamtain engine jecket coolant temperature batween 180°
and 190°F,

2. Air cleaner alaments should be checked daily. Clean and
replace as required,

3. A1 50 operating-hour intervals, run engine at 50% load or
betier 1o clean carbon off engine components,

4. Fued filter sloments should be changed after sach 100 hours
of operation,

5. Inspaction and overhaul schedule of cylinder heads should
be updated 10 allow for & 25% reduction in hours betwean
BEMVICINGS,

6. Qur sxparience indicales that lightty loaded gas engines
will hanniy more stable operation when equipped with Singks
alecirode spark plugs. Howewver, lor heavily loaded gas
engings, we recommend the use of multi-slectrode spark
plugs as they provide better performance and longer
sarvica lile.

7. Change lube ol according 1o fuel type:
Gasoling - overy 50 hours
Hal. Gas - every 500 hours
Diesal - every 125 hours

8. Bervice injactors al 1,000 to 1,500 howr intervals.

When operating above 25% of conlinuous duty rating, follow
normal mainbienance schodule,

When applicable, we suggest running fewear engines per site
te increaze the load on each engine.
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ENGINE PERFORMANCE RECORD

Engine operating inlormation, recorded during regular
inspections, is necessary io apply proper Prevenlive
Maintenance schedulas. Accuraie reconrds haélp conlrol costs
by avoiding unnecessary servicing, ensuring nesded
servicing, and provide “frend” inlormation on the general
engine condition. We recommend keeping a record of the
ioliowing information, selecting Bems applying to your engine.

HOUR METER READING

TACHOMETER({RPM)

FUEL METER READING

ENGIME OQIL PRESSURE

ENGIME GIL TEMP

COOLANT TEMPERATURE

GEAS PRESSURE @ CARBURETOR
INTAKE

MAMNIFOLD VACLILIM —

CRANKCASE PRESSURE posinaq

UNUSUAL NOISE(S) VIBRATION

OIL LEAKS

COOLANT LEAKS __

ALTERMATOR QUTPUT,

) R —

OPERATIONAL INSPECTION

Examing luel, waber, and kibncant lines for signs of leaks,
damage, of comosion,

Inspect the coclant level and condition. Rust, foaming, or oil
in the coolant shows need for cooling system sendcing.

Alr cleaners and breathers should ba checked daily for
cleanliness and lightness,

Examing snging foundation for condition of grout, tighinass
ol hold down bolis, and general alignment of driven
equipment.

ENGINE WARM-UP

Proper enging warm-up is important for long engine life, A
warm-up period allows for an even thermal expansion of
engine components. Also, the lubricant warms up and
attains mormal viscosity during warm-up. Oil pressure is also
built up, assuring proger @il distibution and lubrication of
vitsl aivging pans,

(Stand-try units that requing immediate full load pick-up can
b equippad 10 mainkain & constant o pressure and enging
temperaiure, Consult your Arrow distributer for further
infarmation. )

To warm the anging up, run the enging al a maedium anging
spoed with no load. Warm up angin& uniil ol pressurs
glabilizes and cooclant temperalure reaches at leasi

100 - 180°F

I adequate of pressure & nol indicated willhin 25 fo 30
soconds, shul the engine down at once and determing the
cause. Never oparale an anging withou! adeguate ol
pressure reddings in the hope thal a fawly gacuge or cold o is
responsibie. The problem could be somalthing else, and
spnous enging damage would resul.




FUELS

MATURAL GAS - Armow VR gas engines ane designed 10 bam
atural gas. Malural gas is normally considered as having an

anti-knock (cotane) rating equivalent o 120,

GASOLINE - It s imporiant lo use gasoline with an oclane

Jol "A" fuel iz generally a salisfaciory fuel for VR diesel
engines from the standpoint of celans rating and operational
satisfaction with the lollowing exceptions:

1. Thee may be Jot A" from some relineries which does nol

rating high enough to avoid sericus detonation (knocking), BS e auf minimum cotane valua of 40 In cases of doubl, &
oclane is suitable for VARG Seres Engines, il the gasoling is catang raling should be obtained,

of good quality
2. Jat "A* fuel may have a lighter spacific gravity than No. 2

DIESEL - The VR diesel engines will oparate on any good diasel fusl, which averages around 0083, If the Jel “A° is

domestic commercial Mo, 2 Diesel fuel oil ol 40 Cetane or substantially lighter, engine maxirmum power will b raduced

above (see accompanying tabla). The fuel must be free fnom because of the lower BTU content per specific injected

water, forgign material, and comaminants dus o slorage vedume of fuel, This reduction will be approximalely the

detarioration. Storage periods of ane year should be same percentage by which the Jet "A” is lighter than No.2

considensd mexdmurm, afterwhich fusl tanks should be drained, diesal fuel.

inspected, and filled with fresh fuel, When fugl oil from sowrces

olher than the usual reputable refiners is considenrsd, the

Engineering Department of the Arow Specialty Company

should be congulied,
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FUEL QIL SPECIFICATIONS

ASTH

Fual Oil Physical Properes Lirmits Tast Method
AP Granity 30 rmin, D-2a87
Cotang Number 40 min. (Mobe 1) D-513
Sulphursa 0.7 Max, D129
55U Viscosity-Sec @ 100°F. 30-50 D88
Water and Sedimant - 5% 0.1 O-96
Pour Point “F. Min. 10°F. Below Amb . Alr D-87
Conradson Carbon 0.25% D-189
Ash % Man, 0.02 D-482
Alkali or Mineral Acid MNeutral D-874
Distillation °F D-188

10% Min, 450

50% 475 o 550

90% Mao. 675

End Paint Max, TH5
Cloud Paint Mt 2 D-gr

Mole 1. For automatic starting units, a fuel with 50 cotane minimum is recommended,
Note 2, Clowd Point should not be more than 10°F. abava Pour Paoint.

e 2.5
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LUBRICATION GUIDE

Lubsrication intersals listed in the Service Schedule and
Procedures are for normal operation and should coincide with
other preventive mainignance services; however, under
unusual conditions, intervak should be shortenad i there 5
evidence of dirt, sludge or breakdown of lubricant.

The following precautions should be observed whan
lubricating tha angne:

1. Keep all lubricants in closed containers and store them
in & clean, dry place away from heat. Always prelect the
lubricanis from dust, dit or moisture, Keep lubricaton
equipment clean and ready for use al all tirmes,

2. Before lubricating, wipe surrounding areas clean 1o
provent dirl or other foralgn matter from enlering 1he
lubfcation system. Use a cloth moistendd with sobeent
to remove any old or hardened lubricants. After
lubricating, remove any excess lubrdcant and wipe any
gpilled libncant from pans not reguining ubrication,

LUBRICATING QILS

The pedarmancs al a lubricant, like that of any manufactured
prochuct, i the responsibllity of the refiner and produces, Alss,
the engine cperalor, to a large degree, controls the oil's
performance, for the operalor s the one who must make
decisions on oil changes, filer changes, loads. ganaral
mainlenance, and operaling conditions,

Qil is designated several ways; including the API, which s
usually stamped on the container; the mililary, and the
engine manulacturers,

For Class A engines operaling on diesel fuel, Arrow
Spacialty Company recommends lubricating s designated
by the APl as CE. by the military as MIL-L-451998 or
MIL-L=-2104C, and by the manudacturer as 5-3

For Class A engines operating on gasoling of gas, Amow
Specialy Company recommends lubrcating oil deskgnated
by the APl as GG, 50, or SE, and by the militlary as
MIL-L-2104B or MIL-L-46152,

Symthetic lubricating ofis are not recommended by Arrow, as
wir i nal heve sulficlent exparianca with hdm,

SELECTING OIL VISCOSITY

The comect lubricating oll viscosity (often rilarmed 10 &8
"welght*) must be determined with 1he enging operating
under its normal aaded spekd and lemperature, using SAE
30 o,

1. Start and load engine as described under "STARTING”

2. After oil and coolant temperatlures stabilize, note the
temperature of the oll in the ol pan, Use an dcourale
temperatune gauge. Compare this temperatura with tha
following chart. The correct ol viscosity will be found in
the right hand column,

CLASS "A" ENGINES
OIL TEMPERATURES METHDD
i Pan

Oparating SAE Viscoaity
Temperaluras Numbers
210" - 250°F. 40
160" - 210°F, a0

1307 - 160° 20

Enginas operating with low oil lempératuras (balow
1G0°F{T1°C.}) can be expicied to show excessive sludging
and wear, Engines operating with high oll termporaiunes
{above 230°F. (110%C.)) may expedencs lacquedng and ring
sticking due te ol oxidation. If, for any reason, oil
temparatures cannot be comacted to the normal oparating
range, more fregquent oil changes may help in extending
enging lile,

When the actual operaling ol temparalure is not known, an
astimale of the SAE oil grade to use can boe made by
assuming the oil pan operaling temperature of Clazs A
angines will be 120 degrees above the air lemperature In
haawy-duty senvice. For eample: A an air iemperature o
TO'F., eslimaled oil pan opéraling lemperature would be
190°F, Lise SAE 30 as indicaled in the above table. NOTE:
Thig s anly an astimate, since the type of installation dater-
mines the amount of air circulation for copling around the ol
pan, Actual oil pan operaling lemperatures should be
maasured whanaver possible.

Multi-viscosity cils (10W-30, tor example) should be used
anly when cold starling conditions make it absolutely
necassary. Oil change pericds should be reduced by 509%
for VR Savies engines using muli-viscosity oil, because mulli-
viscosity oils may rapidly loge their highest viscosity rating
in indugtrial samnvice.

OIL CONSUMPTION

Ol conswmption should ranga from 0.0005 o 0.004 pounds
par horsepoeer hour a8 delermingd by the lollowing lommula:

LBSHP-HR = 182 x quads of oil ysed
Cperating HP x 1otal hours of operation

OIL CHANGES

The crankcase v should be checked pror to each day's
enging operation and at the same time the condition of the
oil as revealed on the bayonat gauge should be observed
carefully. Replace ol al any time i is plainly diluted, broken
down, thickened by sludge, or olherwise deleriorated,
Remembagr thal some moedern oils cannal be judged on he
basis ol color alone because the additives are intended to
hold carbon particles In suspension The standard filters
supplied will not remove these parlicles. The dark
appearance of the ail is not necessarily an indication that




the oil should be changed. Whenever oil is changed, the
fitters must be searviced. Ol parformance will reflect engine
Ioad, lemperature, fuel guality, aimaspharic dif, moistre

nd maintenance. Whera ol perosmance problems arise or
aré anticipated, tha oil supplier should be consultad.

For VA series engines, recommendad oll changs intervals
for engines réceiving normal maintenance are as follows:
Diegel

Gasoline Gas

100 500 250 Far continuous  duty
operation al conlinuous duty
rating. Clean enviranment
with il sumg tempearaiurg o
230°F, (1MO°C.)

TS 2000 200 For engines operated In
excess of conlinuous duty
rating

125 For enginas operated congis-
tantly at 25% or less of
continuows dufy raling (light
load operation),

100

300 200 For engines in stand-by

BENGce.*

"Il stand-by service |s less annually than houry inlerdals
listed, change oil annually.

.stended ol change intenvals should be ulilized with caution
on any engine uaing highly dispersant oils, The disparsants
function by absorplion of particles of contaminanis;
however, when dispersant saluration ls reached, these oils
tend to “dump out® all of the suspended contaminanis in &
relatively shor peried of lime. Laboralory analysis will niot
predict the "dump out * point precisely. Consequaently, close
attention o engife conditions by the operatar = reguired when
establishing an extended ol change imarval,

Whan using an engine ol with which you have no previous
operaling experience, a well monitored malnlenanca
pragram should be conducted 1o observe the engine's
perdormance and interval condition for the first year's
usage. Thiz procedurs will help in determining il the new il

is compatibla to your bvpe of operation,

The use of some lypes of ofl, as well as dusly
environmend, marginal instalation, iniemal enging
condition andier cperating the engine with
matfunciioning carburetion or infechion eguipmant
Jmay require more fregquent ol changes. We
suggest the lubrcating oif be monitored with a good
oil analysis pregram, Contact youwr local Arrow
Distributor for panodic angine maintenance.

OIL CHANGE PROCEDURE

1. Remove crankcase of drain plug, drain of and securaly
replace plug.

2. Replace fMer alemenl.

3, Fill the crankcass wilth len quarts of oll {only seven quarts
for VAG and VRADE232 and six quarts for VARG and VAD
155),

4. Operata the engine for a few minutes in order to clroulats
ol through aysbam

§. Slopengine and check for sdditional ofl reguirement. Bring
level b Ul mark

Mot all oils in every type of engine will gives maximum sendce.
Tharaloms, ba caratul to examing the ol after the lirst draining
1o determing whather it is slanding up in service. Tral periods
of 10 howrs ane suggested. At the end of such periods, maks
a careful inspection of the cil depth gauge for sludging,
frathing and emulsification. Such conditions call for morae
frequent changes or a ditferent o, In winter cparation, low oil
temperatures ([bolow 1680°F) are pariculary likely to cause
sludge formation. Temperature-control devices - curtains,
shufiers, atc, - should be used if needed in order to hold the
oil termparaturs around 180°F.
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OIL FILTERS

Although some varialions may appear in the oil filter
ingtallations used on the VR Series engines, the same
general principles of maintenance apply o most of therm, In
all cases the manulaciurer's recommendalions
accompanying the fller, or the instruction label applied 1o the
side of the filter, should be followed carafully,

Full-ficr tilbers are an integral pant of the lubricalion system.
Mavvir block off the filter, even rily, when running the
engine, ALL OIL GOING TO THE ENGINE MUST PASS
THROWGH THE FILTER. For thig reason it is doubly
important whan changing ol that the slement be changed and
the fifter pars thoroughly washed 1o pravent clogging of
blocking of the ol flow to the engine. Where fller naglect or
an unusually rapid accumulaticn of sludge clogs the fifler
element, the engine will be starved of oil. But it is very
imporant lo ramembser that the dity ol that brought about
the filter alement clogging is now bypassing the filler and
going through the engine Rsell. This dirty ol may reduce
enging lile materialhy.

All VR Sedes engines, excepl VARG and YRD 155 and 232,
are aquipped with full-flow fllers.

;'“
)}P-FT rq.!:;" QiL
AEETIWN! ) FILTER
!  ELEWENT
l:'l';;"ﬁﬁ:n %‘LJ
L g:'f,'r ER

Th BASE

TYPICAL SHUNT TYPE OIL FILTER
{155 AND 232 MODELS ONLY)

Ho particular difficulies are Invohed in replacing elament,
although for the sake of cleanliness, i is suppested that the
liiter be drained of the accumulation of sludge and ol before
remaving the element, Abod once a yoar it ks good practics
1o ramevie the filler plugs and flush oul the entire unit with a
suitable schwent. Af the same time, the by-pass vl should
be axamined lor freadom of movement and progses operation.
To ensure a clean job withoul leaks. it is imparant that tha
filtar saal gaskal ba handled cangfully and raplaced at the same
time as the ehement,

TYPICAL FULL-FLOW OIL FILTER
(CURRENT 283 AND 310 MODELS OMLY)

FILTER ELEMEMNT

CEWTER BOLY
o 'WASHER

OiL FLTER
SHELL

CiL FALTER
BASE GASKET

FIFE PLUIG

COPFER
W ASHER

RELIEF VALVE
MLUG

TYMICAL FULL-FLOW OCIL FILTER
(PREVIOUS 283, 310 MODELS AND
CURRENT 265 MODELS OMNLY)
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Unless the signal is locked In view, indicaling a
clogged air cleaner, it will retum 1o a normal setting
upon engine shut-down. Normally the element is
serviced long bedore the gauge indicabes a need, but
the operator s cautioned to check th giauge évary
day while the enging is nmnang. Afer the element
has been serviced the resel bulton on the restriction
indicator shoulkd be depressed to re-set it

Two shyles of dry type air cleaners are available for VA Seres
angines. Open wnits are oquippoed with an upnght hal style
cleaner. The second type available is the circular style air
cleanar Supplicd with VR closed units. This style cleaner is
has a pre-cleanar built into each assémibly.

CLEAMING AR CLEANER

32—

Dirt iapped by this pre-cleanar will be collected in a dust cup
or the end of the fiker. When removing dust cup and fillar
elermein] be carelul ot o Spill any & on the engine. (This
choandd is also available &% an oplion for the VR open units.)

To clean ihe dry type elameniz, procesd as follows:

Do nol rap, beal or drop element.

1. Compressed air cleaning. Direct clean, dry air (max, 100
psi) inside slement, moving nozzhe up and down while
ridating elamnt,

2. Water wash cleaning Soak elemant 10 minwes in luke-
wanm water and non-foaming detergent solullon. Rinse
with water {macc40 psi) from inside of slement wntidl Ainsa
widor is clen, Air dry - do not wse compressad air to dry,

Imspect after cleaning by placing a lkght inside the element.
Replace alement i it i ruplured, has pin holes, or damaged
gaskats, Abwiys replace slement alter three ceanings or &
i, whichever occirs first,

COOLING SYSTEM MAINTENANCE

The cooling system of the bare engine holds about 10 quarts
ol wates without proviston for rediators or othar aquipmant.
WWhen adding antifreeze compounds on a percentage basis,
remembar to include the coolan] volume of the radiator and
olher exdamal pars of the cooling system. The following table
may ba usad Bs A guide:

Etbrybisrus Fradiator Fraazing
Gilyool Gilycaring Podnts

*Prastong® 1G.PA) FOOC.
16% A% 20 -f
25% 55% 10 - 12
33% TO% L] - 18
% B51% =10 23
445 B2% - 20 - 28
48% 100%. - 30 -35

To prevent rust when using waler alone, add one ounce of
soluble oil for every gallon of coolant in the cooling sysiam.

Meaver fill the cooling systam with only watar i tha angine is 1o
be axposed o sub freazing temperatures. This applies ewven
whan wam waber is used bacause the waler in the radiator
and jackel passages cools rapidly and ks likely to freeze
balore the engine can be started. If it is planned to leave the




cooland in (he engine al the naxt shuldown, mix the proper
proporticn of antifreeze and witer belore filling the enging.,

drain cooling system, drain éxiernal components and
-amonng drain plug from lelt rear side of anging,

Under normal condilions, the heal-sensitive tharmasiat in the
walad autlet will maintain famparaturas wilhin the desired
flirmidts.

By way of caution, il must be remembearned that if the angine
is to be operaled with the thermostat removed - and this is
not recommended excepl in case of amergency - provision
miist e made o block off the by-pass passage or walar will
confinue o recirculate without passing through the radiator
or other extemal cooling System. Shutlers or other meins will
b risquired 1o mainksin the temporature al the desired leveal,

Thermostat Removal and Testing

Ordinarily, themmostats will seldom need replacement in the
fiald, They should ba checked from time to tme, howewer,
and are quickly accessaible by remaoving the thermosial
housing al the forward end of the cylindar head. The steps
necassany o ascomplish this are simply the removal of the
water gutlel connectien hose, and the cap screws Securing
the housing. Thermostats damaged by corroslon or cther
causes aré nod repairable and must be replacod

Thermostats should be tested in hot waler for proper
opening. A bucket or other comainer should be filled with
ficlant water 1o cover tha tharmostats and litted with a good
ality thermomeler suspanded in the watar 3o that the
sensitive bulb portion does not rest directly on the bucksi
botiarm or side. A stove or oich s used 1o bing the water to a

REMOVING THERMOSTAT

heal range of 170" F., while the thermosial i submerged in
the waler, Stir the water for éven healing. As the lemparature
passes the 165° - 1707 F. rangi, tha thermastat should siar
to apen and showld be completely open when the
lemperature has risen to 185* - 190" F. VARG and VRD 232
thermastats slan (o open at about 1B0°F. and ara fully apen
al 202°F. VRG and VRD 155 thermoslals stard to opan méar
182° - 188°F., and should be fully open atl 219° F Lifting the
tharmostal into the colder lemperatune of the surounding air
should cause a proncunced closing actlan and the unit should
clase entirely within a shon time. A lange thesmastat is used
in order o ensure adequate reserse circulation for heawy
oparation and to pass large volumes of cooling water, LUse
care to saal the hémostat Souarely and concentrically o avoid
interference with the thermosiatic action, Be cartain the
therrmestal housing ssal i in place.

Cleaning The Coaling System

When clean, soll waler is used ag 3 coolant, and whan tha
propar inhibitors or anlifresze solutions are used, radiator and
coolng passage accumulalions will not be axcessive. Aboul
once each year, however, [he enging will banedit if the cooling
system s cleaned of sludge and sediment.

I is recognized that a numbar of excellent commaercial
cooling systom cleaners are Available. ARRCOW SPECIALTY
COMPANY SUGGESTS, HOWEVER, THAT AN OPERATOR
CONSIDERING THE USE OF SUCH A CLEAMER FIRST
INVEETIGATE ITS FOESIBELE REACTION WITH THE
COPFER AND BROMZE PARTS IM THE EMNGINE. Il such a
cleanor i used, lollow the mamdacturers recommendations
civradully.

Water Pump

WATER PUMP - SECTIONAL VIEW
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The belt driven waler pump reguines no special packing or
atlention during its sanvice life. An internal seal, used in
combination with a permanently lubricated integral ball
bearing and pump shaft, provides a durable, ruggedty
construched waler pump.

For service purposes the enlire shalt, bearing, and seal must
b disassembied from the pump body and niss parts inslalled.
Since an arbor press i required for this pumpose, field repains
are not recommandad unless such sgquipmant is readily
availabie,

The sealing member of the pump consisis of a smooth
carbon washar riding against a polished sudace.

DISTRIBUTOR ADJUSTMENTS

Distributeor point clearances may be adjusted with the
distributor installed in the engine. In some cases, hawevar, it
will bo found much mone cordensent to loosen the cap scroews
holding the distributor clamps, disconnect the vacuum
agvance tube (if applicabla) and carefully lift the entire
distributor from the engine lor inspection and adjustment. This
avoids working in cramped quariers and difficulties in trying
fo crank the angine over to bring the cam peak under the liber
bumper block

Distribastor points do not have fo be absolubely free of pits and
grey oxide for satisfaciory perlormance. Excessive crabesing
and buibd-ups of sham peaks, howevar, requing new breaker

points. Shighl poin roughness may be cleaned up as much
a% s practical with & fine hone, Never usa abmsive cloth o
paper regardiess of whal the abrasive material is. A file is
equally unsatisfactory with regard to continued point life,
althaugh improved performance may be oblained for a short
while. Il points are cleaned up with a fine hone, clsan them
with chiar-glhylena 1o remove the oify film which results from
haning.

A feeler gauge is not an accurate method of setting points,
particularly whan thene are some inequalities in the cortact
surfaces. If feeler gauge Is usad, caution should be laken to
make surg Gauge is clean and will not contaminate points.

An accurate method of selling points is the use of a dial
indicator. Here, the gauge is solidly clamped to the distributor
body in whalever manner ks convenient. The gauge tip is
brought to bear against the movable breaker point just
Eehind the contact surdace and the gauge is sl to read zemn
with the: fiber bumper on the Ml of the cam and the points
closed. By rotating the distributor cam with the starer, or with
the fingers, if baing bench adjusted, the exact point spaning
in thousandths ks read on the dial indicalar, This method wdill
reveal wom cams and disiributor shafts that are loose in the
bushings by ematic opening readings. Clearances aro adjusted
in the comentional manner by luming the sccenine serew
holding the fixed point. Do not ferget 1o relighten the fixed
point clamp screw after adjusiment. A batter method of
maasuring point opening is by the use of a dwell mater.

TYPICAL BATTERY IGNITION SYSTEM - SCHEMATIC
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SETTING POINTS WITH DIAL INDICATOR

Whan the breaker point clearance is accurately adjusied, the
angina should ba tumead to wing position on the comprassion
slroke lor Mo, 1 cylinder, This may be delermined by aligning
the distibutor firing degres mark on the (hywieel with the
timing hole pointer in the fywheel housing. Al the same lima
make sure that both valves on Mo, 1 cylinder are closed, or
remove Mo, 1 apak plug and leel 1he compresaion with thumb.

SETTING ENGINE AT TOP DEAD CENTER

Consull the Basic Engine Data Seclion of this manual or the
liming plate atlached to the engine lor the cormect timing
dagras,

i the distribulor assembly was removed lrom the engine, turm
the rofor to the same position it was in opening with the
distributor body held approximately the same as § was when
removad.

Whan the distributor drive sirikes. its mating member in the
crankcase, it may be necessany to rolate the shaft slightly by
lurnirg the roler back and lorth until the proper alignment s
felt and the distribuler drops into position. Tighten the
distributor clamg cap screws until they are snug bul do not
prewant rotating the distibutor body,

The exact timing of tha spark depands on the actual braaking
of the electncal circuit by the poinls. Hence, checking lor the
appareni mechanical separation with fealar stock, callophane,
etc. |5 apt to be misleading, To asswre accurate timing, make
up & simple light circuit conslsting of an automotive light bulb
wilh soldered-on leads of a socket with lead wires allached,
Clip or wedge one lead to the ungrounded side of the staring
battery, and attach the cther lead 1o the primany wine connec-
tion at the side of the distibutor. Final liming should be done
with the enging running, using a powered timing bght (see
"USING TIMING LIGHT™ in this section).

With the above installation, i the bulb Is i the poinis are
closgd and the distibulor clamps may now be tightened and
the flywheel turmed backwards about a quarter of a revolution
and then brought forward towards the Himing mark as belore.
The light should just go cut as the timing mark on the
iywhesl aligns with the timing hold pointer in the fhywheel
houssing.

Since ihe enging ks o1 for No. 1 cylindar firing, install tha
distributer cap and slart instaling the spark plug wires with
Ho. 1 in the hole to which the rotor points and working
clockwise arpund the cap.

i k= best o install & wane @l the distributor, and then without
installing amy mome follow up that wire and secure i to tha
proper spark plug in firing ordar. Take sach n tum lo avoid
confusian.

Onca the timing is preparly set for the idle (no-speed)
position, the centrifugal weight system of the distribubor will
automatically advancs the spark as reguired by changes in
angina speed. The mechanism involved is matched to each
engine application by laboratory tesis delermining the best
spark advance point over the enlire speed rangs, Theralons,
subgslfution of unmalched paris from other equipment will
impair liming and engine performance. The advance curve
for a distributer similar 1o thal used on the VR Series engines
i5 shown in the accompanying graph, Dstrbulors on some
VR Series engines also inclede & vacuum advance which
[along wilh the cenirifugal advance) advances the spark al
pad load opération (o improve fuel econormry.
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[TYPICAL-DO NOT USE FOR ACTUAL SETTING)
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CEMTRIFUGAL ADVANCE CURVE

Tha disiributor requires [ubrication of the shall, advance
mechanism, breaker cam, and breaker lever pivel. For shalt
and advance mechaniam lubrication add 20W ol 1o falt
malarial in center of shaft under rolor (5ee llustration).

DISTRIBUTOR OIL RESERVOIR LOCATION

Ewvery S00 hours put on: drop of light crging ol on the breakar
lewer prvol, and a lew drops on the Tell wick under the rolor,
Some distributer points come with prelubrcaled wicks,

The cantrifugal advance mechanism can be checked for
Irgeness by lurning the breaker cam in the dirgclion of
rodation and then releasing it The advance spaings ahaould
refurn the cam to its onginal position without sticking.

Adjusting Dwell Angle

The dwell angle represents that pedod of lime durng which
tha destibulor points ane cosed as the distributar cam rolates
from the peak of one lobe through the peak of the following
lobe. As the point gap increases or decreases the dwell angle
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will changa proportionataly. The propar destrbutor paint gap
will be epresentod be a specific dwell angle, as read on the
dweill midder. This is accomplished while tha engine is running
al any speed, thersby giving a tree representation of tha
adjustment. To check and adjust dwell angle, proceed as
Todlows:

With tha engine stopped:

1. Gonmict the dwell meter betwean the distributor primary
lsad, sither al the disiributor or al the coll, whichever is
morg convanieni, and angine ground. Mote polarity
reguirament.

2. Sal the switches on the dwall meter fo the settings por
migler instructions.

3. Star the enging and read directly from the meter.

4. i the spacified dwall angle is intorrect, stop the engine
and adjusi the poind gap, repeat as required. Increasing
the peind gap will decrease the dwell angle, decreasing
the point gap will increase the dwell angle (see "BASIC
EMGINE DATA® in end of REPAIR AND REFLACEMENT

for specific dwell angles.
Using Timing Light
With enging stopped;

1. Connect tha liming light powaer lsads to the battary
{chsanving proper polarity).

2. Connect the timing light signal lead o the No. 1 spark
plug baad, using supplisd adapior.

3. Loosen the bolts on the distribulor housing retaining
clamps just enough o allow the housing 1o be rotated.

4. Desconnact the vacuum advance fube (il apphcable).

5. Stant the engine and aim the timing Bght at tha timing
hale: pointer in the flywheel housing. Be sure to aim
directly lowands the center. On some modals a butlon on
the timang ight will kave 1o be pushed 1o cause light 1o
flash, on others the lght will flash automatically. The
o] firing dégros mark on tha timing tape should now
appaar uhdes the relerence pin,

6. Rotate the distributor housing while observing the
relalionship of ihe specilied liming mark and the
refergnce pin, When thay na up, the angine s propaihy
tamned.

7. Tighten tha distributor clamp bolis, reconnect the vasuwm
advancd ubé, remove the fiming leads and reconnect
the spark plug lead,

SPARK PLUG ADJUSTMENTS

Misfiring of ragoed operation may be due to faulty spark plugs
cauged by carbon accumulations and burning of the
electrodas. Thay should be cleanad, inspoected, and the gaps
checked approxemataly every 250 hours ol operation or oltenar




if ther éngine idles for prolonged periods. After 500 hours, it is
advisable to replace the entine set when any spark plug s
dofactve.

ueposits on the electrodes and insulaior may be removed by
commercial abrasive cleanars. Scraping the insulator 2 nol
recommanded since the resulting scratches increase tha
tendency of carbon depasits bo lom.

Afer the spark plug has been cleaned, adjust the gap with &
round wire gauging tool la .025° (gasoline and gaseous feels)
by bending the cuter elecirode, As the spark plugs will have a
tendency to bum the electredes and widen the gap, il is
imporfant that gap be checked whenever the plugs are
removed from the angine. Missing at low speeds is vary often
due to a withe spark pleg gap.

CHECKING SPARK PLUG GAP

Examine for cracked porcelain, laakage, bumed elecirodaes,

deposits on cenler insulalor, correet gap, good washers, and

clean threads and ssating surdace. Remamber, a plug may
a@ar satislactony and sl miss,

NOTE

When replacing spark plugs, use new gaskets,
Proper seating of the gasket is necessary for seal-
ing the combustion chamber and transferring haat
from the plug. Use spark plug tap 1o clean threads,
allowing for proper heal transhor.

GoiL -
CONDENSER

4 LOBE CaM

DETERMINE THE
BREAKER POINT ¥
GAP WHEN OPEN. . L5
ADJUST TO D.0I5
INGH.

LOCKING SCREWS—L_E
BREAKER ARM—— |
TERMINAL SCREW--

MAGMNETO COVER REMOVED

MAGHNETD SERVICING

Minor sarviging of the magnelo is confined to cleaning,
replacameant, and adjustment of the breaker points. Magneto
poind clearance is adjusied in the same mannar as distributor
point clearance, More extensive repair and over-haul
aparations regquire specialized training and equipment and
should be made only al authonzed service agencies,

TIMING THE MAGHETO

The magnets timing procedurs follows very closely the sheps
given for timing tha distibulor, The flywhaal must be rotaled
until the proper liming mark aligns with the timing hola pointar
ini the Mywheal housing and number one plsion is coming up
of compression stroke. This is the point at which firing oc-
curs whon the enging is running and the impulse coupling
has disengagod.

When the impulse coupling is engaged, as it is when starting
Io time the magnelo, it must be released o "snapped” in
order nol to incorporate its lag angle in the timing procedure.
With ithe end cap cover remowved, turm the magnelo impulse
coupling backwards as many tumns as needed to align the
retor fingas with the timing boss marked "6° inside the end
cap. Reverse rotlalion automatically disengages the impulss
unit, Connect the magneto to the magneto drive.

Final timing is done with the flanges mounting screws snug.
Connact a battery powered timing lght to the spak plug lead
of nurmber one cylinder and check the iming with the engins
running. If fiming I net correct, tap tha magnsto by hand
encugh to rodate it on the mounting as requined, exact timing
i readidy determined and the flange mounting schws must
be hightened.

ALTERNATOR SERVICING

Allernator servicing within this manual is limited to testing the
wnil on the engine and replacing it | delective. To test the
altemator, procecd as lollows:

Continuity Testing
1. With engine ofl, check drivie belt for proper lension

2. With ignition switch in the "ON" position {(gas and
gasoling engines only) and terminal wires cannected,
check curment 1o each lerminal with test light as shown in
ilugtration, For dissal angings a jumper wire is requined
acrcss larminals on oll pressune switch befors making
test &l allemator terminals. If test light does: not light at
all ferminals, cheéck wires for good connactions and Trayed
of broken wires. Tes! light will glow on terminal one, bl
this & normal dus o resislance wire,
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HOTE When insialling or removing alternator pulley nut, place
pulley nul halder in a visa and position allernator info Al

if altamater charges with tab grownded but doss nol holder as illustraled. Use tha allen wranch attachment to loosan
charge when lab is not grounded, it indicates a of tighten shalt to pulley nut. Pulley nut should be torqued to
dalective vollage regulator lecated inside allemator 60 bs. i

body. Il allemalor does not charge its maximum with
tab grounded, B indicates a defect in the alemator

itzall. INJECTION PUMP MAINTENANCE
ALTERMATOR PULLEY REMOVAL AND Most pumps have thi iming marks located as ilustrated, Hore,
INSTALLATION TOOL ong mark ks on the governor weight camier and on the cam,

alhough not necessarly at the lacation shown. The mark might
be on cenier, above canler as shown, or possibly below

cenar,

e (S o8
]

SoexET " T . Removal of installation of the injection pump is considarably P

;;.. pasier if the complate injection phambing sysiam i% removed 'E <zf.

18 n-u.um.-*!-' ' i firsd, This is done by removing ines from injectors and pump I

rnraLrm Il | oM and removing bracket bolt from engine block. EE

[ ":“" T

00" HEN SO =

ﬂ‘ﬁk\ Clean fitings belare disconnecting them and plug or
cap all openings after fittings are disconnected.
(LS n:u:u:n “‘-f[-j___
x&‘ = 5_;__5_“ 1. Disconnect thraltle and shut-ofl linkage from pump,
'\}\\ Remove nuts halding injection pump 1o gear howsing.
Slide purmp off shalt towards rear of engine.

""x_
£OLD AOLL STEEL - ‘““Mﬂ e
FrocK \E"\ ﬂ 2. Installabon is in revarse ordar.
3. When timing injection pump. place the No.1 cylindar on

-
¢ﬁnm
comprossion stroke, using procadure outlined for valwe
! adjusiment, and position flywhesl tape to specilied

ALTERMATOR FULLEY MUT TIGHTEMING TOOL degree number under the flywheel reference pin

4, With the pump timing cover removed, use a clean, long
blade sorewddver through the pump opening 1o turn the
pump shaft until the mark on the cam ing and the mark
on the welght camier are aligned (refer o lustration).
Slip the pump in place on the shaft and seat the drive,
Grease the shaft and the shaft opaning in the pump
liberaly with Fghl grease. Be careful nol 1o damage the
lips of the saal when slipping the pump in place. A
apecial tool, Rocsa Master (ool number 13371, is
available 1o compress the drive shalt seals when
installing thé pump

& Pump should ba rotated first in direction of rotation and

then in opposite direction, within elengated mownting skots,
1o perecily aign timing marks, and io remove backlash.

&, Tighten pumg retaining bolts,

REMOVING ALTERMATOR PULLEY 7. Reconmnect theotthe and shat-off linkage,

Whan replacing the altermatorn, it is necessany 1o ramove the 8, Reinstall injection plumbing.
alternator pulley and retaln it for use on the replacament
alternalor. A special 1ol has bean designed to parform this Tha limils of throttle travel are set by adjusting extemnal screws
=an and the materials and dimensions for making this (9ol lor proped idling and high speed positions.
included in ihe illusiration,




TIMING —. |

WEGHT
RETUMER

INJECTION PUMP TIMING MARKS

HOTE

The fuel sysiem must be bled when the injection
pump is ramoved and reinstalled. and also
whenever the fuel iller slement s changsed.

ATORZED
Fuel Inpector Test IR !
Unlass propér service equipmen! is available, and the
operator is skibed in its use, thene = iRle actual repair work
thal can Be accomplished on injecions,

If a nozzle i puspacted of improper operation, I may b ghaen
a ganaral test by allowing it 1o Spray inko the aimosphars while

USing @& nozThy best stand,
IRREGULAR I
. . . PATTERN ]
Experience (s tha bast indication of what may ba considensd

a ealislactory spray pattem. Ao an appanent chalbering of

the spray is normal and is easily recognized, ATOMIZED AMD IRREGULAR PENCIL INJECTOR
SPRAY PATTERNS




Cerain other nozzle conditions, however, are delinitely
undesirable and will usually reduce engine performance
sybstantially. These conditions are usually the reésult of vabwe

miaga or conlamination and are charactesized by dribbling,
sprays of badly distorted patterns, and other self-evident
Iroulsles. The besl remedy is replacement with anather nozzle.

Somelimes, whan the only real difficulty is carbon of gum
interfering with the vale action, a thorough cleaning with a
solveni such a8 "GUMK" will impreve perdormancs.

If thix above operation doas not improve the nozzle operation,
a new injector ks reguined,

KEEF AWAY FROM INJECTION SPRAY.
PENETRATIMNG POWER OF DIESEL FUEL UNDER
PRESSURE 15 SUFFICIENT TO PUNCTURE SKIN
AND CAUSE BLOOD POISONING.

ENERGY CELL SERVICE (VRD 155 AND 233)

Energy colls are made up of the components shown in tha
accompanying illestration. They are localed just below the
intake manifold on the rght skde of eylinder head directly

opposite their comesponding injector nozzies.
NOTE

The energy cell mus! be reaassembled as llesirated.
It the cap is installed backwards, the cel will rapidly
carbon up, ading to reduced angine output,

PLUG SPACER = BODY
EMERGY CELL COMPONENTS

A stream of fuel injection spray is received by the ceils.
Channils in cell body and cap twbulate the spray. Since
energy cills have no cooling [ackets, a high degres of heat is
attained and fuel is ignited. Callz are angled slightly 5o the
return flaw from the cells enters the combustion chamber al
an angle and aids in creating the necessary swirl or
lurbulénce required to thorowghly mix the air and fuel lor
complele combustion of the main spray in the chamber,

Enargy celis should be removed lor cléaning or replacemsn

whan fuel infectors are found 1o be Taulty or when poor lugl

combustion is evideni, Excessive exhaust smoke may

indicale a carboned up enengy call. Incomect injection pump
=g can cabon up a cell in just a bew hours.

Il may & nécessary o apply a carbon solvent or scrape ihe
cuter edge of the cap with a soft metal scraper balore
removal i possible.

REMOVING ENERGY CELL BODY WITH SPECIAL
PULLER (Part Number 494143)

Armow provides a speclal puller, part aumbar 434148, for the
remaval of enengy coll bodies.

Thi foal i designed =6 that it will clean the carbon from the
enargy ¢ell body intermal threads as it is threaded in. Than,
the use of the small slide hammer alisched to the extracter
will allow the enengy cell body to be removed quite easily from
the cylinder imd,

Alter soaking call parts in carbon sohwent ovemight, use brass
scrapers and brushes lo remove amy remaining carbon
daposits. Be sure body orifice opaning is tharoughly clean,
Lap cap and body sealing surfaces il necessary wusing a
lapping compound and plate and & figure ebght motion o
assurg a porfectly flal suface. Be sure body orifice opening s
thorowghly clean. Oriice sire i3 Mo, 32 dill. Chock for cormect
orifice size using Mo. 33 drill as go, and No, 31 drill as no-go.

Ringe pans in clean diesel fual and install enengy cell by
revarsing removal procedure., Always replace anargy coll in
same cylinder it was removed from. Be sure cap is insered
flaf against body surface before installing spacer and plug.
Tightan plug to 96-100 ft. lba. lorqud Setting.

PINTLE NOZZLE SERVICE (VRD155 and 232)
Hozzle service rmust be pedomed in a clean, dust free area.

Covar injector openings and remove all traces or dif, paint or
carbon wilh diesal fuel and a brass wire brush.
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Remove profection cap and gasket. Loosen spring retainar
cap nut to release pressure on spring. I spring replacemant
is requined, remove spring redaining cap nut and spring from
holdar body. Remove nozzle gasket and nozzle cap nut and
remave valve body and valve from holder body. Examine valve
body for carbon and check if the valve lifts out reely. Soak
vahve and body in diesel fuel or a carbon solvent for vale
removal (il necessany) and pricr 1o ingpection for bluing from
cverheating or olher damage.

Pressure suraces should be lapped only 85 necassan using
& lapping compound and plate. Sudaces should have a fing

mimar finish whan properly Lappaed,

Clean small ieed channel bores with appropriate size drill or
wire. Remove carbon and vamnish from valve body seat by
rolaling and pressang seat scraper on seat. Seat may be
polished with tallow and polishing stick.

Insert groove scraper info pressure chambaer gallery in valve
body, press agains! side of cavily and rotale 1o clean away
carbon deposit, Use tallow and wooden polishing fixture fo
clean and polish vahe.

Lise chaaning stick dipped in tallow 1o chean vahie body pintle
orifice. Use diesel fusl or carbon solvent to clean away
caon from surface arund orifice; do not scrape surface as
ganious damage may result,

Use a brass wirg brush to clean pintle end of vale. Use a
wooden or brass slrip to dislodge hard carbon particles.
Caution should be exercised o prevent scralching or burming
of watve pintle as serous damage may resull.

Install vahee in vahe body whils both ane immarsed in clean
diesal fuel,

Make sure pressure surfaces between vabae body and holder
body are absclutely clean, Center valve body and valve in
cap nul using cenbenng sheeve and install valve and body in
holder body, Sheeve s over vahe body and s 1apered end
cenlers within nozrle cap nut, Sleeve & easily removed after
ightening cap nut on holder body.

Install spindle, spring, spring seat and spring retainer cap nut
in holdar body. Install spring adjusting screw and nut in spring
retainer nut.

Inztall infector on testar, adjust opeaning pressure and tast
operathn.

PEHCIL INJECTOR ADJUSTMENT
NHOTE
A good injecior pressure test pump and gauge are
neadad to maka the adjustmeant. Il the proper

aequipment is not available, the injecior should ba
adjusted by a properly equipped sandce slation,
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To adjust opening pressure of pencil injectors, proceed as
Tl bowees:

1. Position injector in a holding device and loosan lock muts
(a) and (B). Sea Nlusiration,

Tum pressure adjusting nut (C) until injectar opening
pressura meats specification (see "BASIC ENGINE DATA®
in end of REPAIR AND REPLACEMENT for proper

pressure seftings.)

'

vy F*”%*‘ ','-5 \
'

CLEAsINE FRED BDEEL

ulh

CLEAMING FRELIORE CHARBER
EALLERT

CLEAmING AHD FOLILHING TALVE

CLEAMIMG WaLWF NOSY SPaT

LaFFIMG IHIFCTOR FEITLUER OF
EWMERGY CHOLL TR ALING TUNFalTE

PINTLE INJECTOR NOZZLE CLEANING DPERATIONS

< 3



VALVE LIFT
ADJUSTING SCREW (D)

LOCK NUT ()

| LOCK Fuun:[}\h

FUEL INJECTOR ADJUSTMENTS

3. Tighlen lock nut (&) while holding pressure adjusting nut
[C) steady.

4.  Carefully um vabse il adjusting screw (D) clockedze wtil
il botiorns agalnst vahee. Then Back out screw 152 turm =
1/8 and tighten lock nut (B).

5. Teslinjector lor cormect opening pressure and readust i
AECEsSany.

ADJUSTMENT OF PRESSURE ADJUSTING NUT

KEEF AWAY FROM INJECTION SPRAY.
FEMETRATING POMWER OF DIESEL FUEL UNDER
FRESSLIRE IS5 SUFFICIENT TO PUNCTURE SKIN
AND CAUSE BLOOD PCISOMING

44—

REINSTALLING PENCIL INJECTORS

Replace carbon stop seal before reinstalling injector in
engine. Remave old seal by breaking with needie nose pliers.
Use Roosa masier ool (Part No. 186477) to install new seal
Check upper seal lor pessible damage, and replace if
NEecassany.

GASOLINE CARBURETOR ADJUSTMENTS
idie Mixture Adjustments

Warm up enging and placa the throtile control lewer in the idka
position. Tum the idle mixure adjusting screw in unid the
enging bagins 1o lose speed; than fum the valve out until ihe
enging again begins to slow down. Use one-eighth tums and
allow sulficient time between each change for the engine to
adjus! itsell to the: new saffing. Race the engine occasionally
to abaut 1000 pm to clear the combustion chambers of
excess fuel. Continug this adjusting procedure until a
maxamium idie speed ks delermined,

ldle Speed Adjustment

Set the idke mixture bafcre making the idle speed adjusiment,
With the throlile control lever in the idle position, check the
lachometer and tum the adjusting screw in of out a5 required
o oblain the desired low die speaed,

High Speed Load Adjustmant

Some Models of the VA Sedies are supplied with a main jet
adjustment. Tuming the needle clockwise culs off fusl
making the medium and high speed mixtures leanar. The
necdie should be adusted 1o give highest manifold vacuum
(or highest B.P.M. on a tachometer) for & set-throttle position,
Sel the throitle 1o hold the engine speed just baelow the
governed spead whilé making the maln jol adjustmant. |
agpsimaent is sel 1oo lean, the engine will lack power and the
luel econamy also will be poor. If et too rich, the engine will
be sheggish and the huel economy poor.

ADNSTMENT SCREW
LOCATED O THROTTLE

LOAD ADJUSTMENT
Y SCREW ]

TYPICAL GASOLINE CARBURETOR




GAS CARBURETOR ADJUSTMENTS
General

The narmal arcangement lor natural gas uses a field
reguislor 1o reduce pounds pressuns fo the final value of 5
inches water column (3 0z.) maximum, Excessive pressune
will increase gas fuel consumplion, and cause hard starting,

For reasons of safety . . . ALL GAS INSTALLATIONS IN
CLOSED AREAS OR BUILDINGS S5HOULD HAVE A
POSITIVE SHUT OFF WALVE TO PREVENT GAS LEAKAGE
WHEM THE ENGINE IS AT REST,

With the Impoo carburator, VR Seres engines use a 17 line
pressure regulator with a 3%8° orifice. The regulater ulilizes
spring 186538 (red) with 10 to 25 psl inlat line pressure and
5" H0 colemn callat pressura to the carburetor lor 1000 BTU

LHY gas.
Load Adjustrment

1. 5ol natural gas pressure with engine idiing, by adpsting
Eng pressure regulator, to 5° water column plus or minus
164 inch, for 1000 BTU LHY gas with ide mixture screw
hacked out 3 wms, and power fuel mixtune wmed 1o rich

(R} position.

2. Full load gas pressure may drop as low as 3° waler
column a1 the carburelor gas inlet. Exact pressure al full
koad is immaterdal as long as power mixure adjusirmen
is still eHective (carburetor can be set over-rich).

3. With the engme warm and menning full lsad al govemed
speed, adjusl the power fuel mixiure from rich (R)
lowards lean (L) slowly to obtain maximum wacuum,
Alter maximum vacuum s obtained, aduest for slightly
bearwer mixture o decrease vacuum 1/27 of mercury. This
setting will improve fuel economy. H application s sweh
ihat transieny load changes ocour, such 85 a generalor
s, ormil this adustment 1o decrease vacuum. The power
adjustment iz not effective al a fast idie or Bghl load,

FORVER MUEL AIKTURE
ADUSGTMENT WaLVE -
v T b s D

I FUEL i TURE "_.—r-""i’

AEILATmET T

T LR 1 meE

B AR E
COMMECTHEN

N ] n'.i.-.-\ql;uw ml_
IGLE SPEED ADJFSTIG SCRES - o

NATLRAL GAS CARBURETOR

Low ldle Adjustmeant

1. Reduce throltle speed setting to bring carburetor
bauttedly bavar against kow idle stop.

2. Adjust carburelor idle slop screw to oblain desired
enging APR,

3. Adjust carbwrelor idle fusl adjustiment screw to oblain
highest angine RFM,

4. Re-adjust idle stop screw 1o oblan desined engina AP,

GOVERNOR ADJUSTMENTS
Gasoling Engines

Should the govemas and linkage have 1o be dismantied to
permil access 1o the engine for other senvice work, there ane
some basic requirements o be followed. Upon disassembly,
thar pants of the govemor and inkage must e canatully marked
&0 thay will be reassembled in exactly the same position. The
length of the Enkadge must be carelully noted so that when the
engine ks stopped and the throttle bever in full speed position,
the throttle valve stands just a trifle toward the closed
pesition, Varialion from the proper speed can be comected by
changing the tension of the regulating spring. Increasing fhe
tension increases the maximum speed, and decreasing 1he
tension decreases the maximum speed. To increase and
decrease the tension on the VRG155 governor spring,
digconnect the governor spring end assembly from the
govarmnor lwver and bum it to change the number of warking
coils (see ilustration), Fewer working coils increase maximum
spoed; mone working coils decrease maximuem speed.

AMUSTABLE EYEBOLY

COMTRAL
LEVER
LINKAGE
o ey ﬂmi'
i MK ;
1 GOVERNOR
EPRING
(L
GILE THAOTTLE
A VALYE
['d" —~ GOVERNOR
" I ] "-\—\.|_|_\_|
[ == = GOVERNOA SHIFTER
-,f‘ | LEVER ASSEMBLY
@1 |||
. ‘ HEE AR COVER

GOVERNOR, THROTTLE WALVE, AND LINKAGE
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6 CYL.| 4 CYL.

A|BI| A B I=Intake
116 |1 4 _

=T5 o 3 E=Exhaust
3| 4

When either cam follower in the cylinder listed in Col
A is on-the crown of its lobe, its opposite follower liste
the cylinder in Column B is riding on its base circle.

CAMSHAFT RELATIONSHIP




Bafore checking comprassion, be sure the enging has been
warmed up lo operaling lemperature. Gas and gasoline
engines must have the thralile beld in open position and the
ignition switch in of pasition. Diesel engines mast have tha
fuel shutofl contral in off position. Mote the number of
compression sirokes needed o oblain the highes! presswure
reading. Repeal compression lesting lor each cylinder using
ihé same number of compression strokes as used for the first
cylindar leslad.

Mol [pressures al cranking speed arne listed
in REPAIR AND REPLACEMENT UNIT under “Basic Engine
Data®. Uneven compression or pressures lower than normal
call far further checking. Valve regrinding, piston ring
reglacement, or other overhaul proceduras may be requinsd
o comrect the problem,

MANIFOLD VACUUM TEST
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Gas and Gasoline Engine

Operate the engine until it is.at normal operating
tamparature. |

Connecl vatuum gauge 1o the intake manifold and test with
engne operating al idle speed, with no load condition (Sea
lables below),

ADJUISTING VALVE CLEARAMCE
COMPRESSION TESTING

GAUGE READINGS EMGINE CONDITION

To chack the compression of gas and gasoline engines, a
18 - 19 Inches at idle Speed. (Approx.)

standand aulomolive type compression tester with thresded
adaptor can be used, For diesel engines with pinlle injectors,

a spacial adapter (such as the MOTORITE ADAPTER, Part HIGH AND STEADY | Good
Mo. T0-0256, made by Bacharach) is required te make a
coMmpression tost, Diesal engine owners with pencil injeciors LOW AND STEADY | Loss of power in all cylinders

caused passibly by |ake ignition
or valve timing, or loss of
compression due to leakage

should contact a Bacharach dealer for correct part number.

COMPRESSION TESTER

argamed the nings.
VERY LOW Maniiold, carburalor or cylinder
head gaskel leak
HNEEDLE # partial or complete loss of
FLUCTUATES power in ong of mane cylinders
STEADILY AS caused by: & laaking vk,
SPEED eylinder head or intake
INCREASES maniold gaske! leak, a defact

in thiz Ignition Sysiem or a weak
valve spring.

GRADUAL DROP Excessive back pressure in the
IN READING AT exhaust sysiem,

EMGINE IDLE

INTERMITTEMNT An occasional boss of power
FLUCTUATION possitly caused by a defact in

the ignition system or a
shicking valve,

SLOW FLUCTLA-
TION OR DRIFTIMNG
F THE NEEDLE

Improper idle mixtune adust.
miént, or carburetor, spacer or
sake manifold gaskel leak.
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TEST PROCEDURES FOR ENGINE
PROTECTION DEVICES

Low Oil Pressure (LOP) Test

To test the low oll pressure Swichgage®, install two neade
valves, a 0-100psi pressurae gauge and piping as shown in
iha illustration. With the enging in operation, simulate a low
ol prossung shuddown by clasing s 154" niesdle vabea in the
ol pressure line fo the Swichgage®. This will trap oil pressune
i this aystem. Than slowly opan the 1/4° neadls valve in the
line to waste, cbserving the il pressuve indicated by the test
gauge whan the Swichgage® s actuated. I necessarny, adjust
the Swichgage® as required and repeat the test, After
testing, immediately close the needle valve in the line to wasie
and open the neadle valve In the oll pressura line lo the

Swichgage®.

=100 PEl

LOW OIL
GAGE P RESSURT
SWITCH
/4" NEEDLE
“5{4
LUBRICATING
BIL SUPPLY

4" MEEDLE
VALVE §§

p'
WASTE

LOW QIL PRESSURE TEST PIPING ARRANGEMENT

High Water Temperature (HWT) Test

Te assuré high lemperature shuldawn, the temperature
sensor bulb should be remaved from the walar mandold and
immersad in kot waber. Then the water should ba heated uniil
il bods. Allow sullicient time for the sensor 10 actuate the
canftral.

NOTE

The praceding tests apply to the typlcal salaty
controls used on Ammow enginas. If sngines contain
special conirols, les! procedures may be oblained
from Arrow Speclalty Company Customer Service

Deparimant,
ENGINE STORAGE

Presarvation of engines and ganarators in storage Involves
soveral basie roquiramants, For now angines and genarators,
these ame as folows:

1. Protection of machined meial surfaces, cylindars,
vahvas, baarngs, and 50 on, from the afiects of both
dampness and sall or othar cormesive substances in
ihe alrmcsphens,

G ———

2. Protection of openings into the engine against
enlrance of dirt, abrasive material, and forelgn
malter of all types.

3. Protection of accessory equipment, including
carburators, gas regulators, magnelos, starlers,
gangralors, and fan belts against corrozion, din,
maisiure sakuration and progressive detedaration,

4. Prolection of cooling system, intercoclers, and LPG
vaporizers agains! Ireering, rusting, or seizure of
water pump seals.

5. Prolection of a general nature against the slements,
rain, snow, and extromes of lemperature.

& Protection of batleries by disconnecting and
remaving them to a slow charging stalion whare they
can b kepd fully charged. H this is neglecled, the
plates may be damaged and ruined by becoming
sulphated,

7. Protection of the generator or altermator by covering
all openings 10 prevent the eniry of dusl, moisture,
dirt. and rodents. A& heavy crall paper will seren this
purpcse. Whare these openings ane in tha form of
screentd or louvered guards or covered plales, the
proteclive paper should be placed wnder these
removatie parts. If this i not possible a prassine
sansitive tapa can be used to hold the paper In
position. Do not use masking tape — it ks nol Suitable
for this lype of service and will be very difficull 1o
remove afler extended use. Application of protective
papar should ba on both inside and outside of karge,
fixed, louvered surlaces. Large open areas should
have a corrugated cardboard backing for the paper.

8. Prolect swilchboards in the same manner as
genaratare.

In he case ol engines provicusly operaled, addfional
itemis st be considensd.

8. Protection of interior angine paris, parlicularhy
bearings, cylinder walls, and valves againat
corrosion by the products of combustion combined
with atmespheric molsture and eorfresion by
htrcaling ol contaminanis.

10, Profection of fuel systam units against gumming and
the ellects of stale fuel oil or gas reskdues.

Tha extant of tha attention given 1o each of the loragoing
points of possible damage depends on the judgemant of
the parsan in charge of the equipment. Generally
speaking, the lollowing factors should be taken into
considaration before deciding how mueh ar how litta
presenvaliion is required:

1. The peried of time the equipment is likely 1o be
inoparative.




2. The severity of the weather and atmosphens condifions
at the point of storage. The problems of storing
aquipment in a fidewater warehouse, lor axample, difer
graathy fram glorage problems in a lkecation whene th air
is wery dry and dusty,

3, Tha accessibility of the equipmnd for periodic inspecticn
and attenlicn. An enging on a showroomn flaor that may
ba lumed over occaslonally and given padodic oiling
requires krss axtensive ireabmeant than BNgIeS crabed and
stocked in a wanshousa.

S CAUTION =

VR Engines received from the laciory ane intermally
protected for up to six manths, IF storage period
excopds six monthe, the engine should receive
additional storage preservatives. Engine slored
ouldoare of i a humid environmen! may raquira
mare fraquent represervation.

CONVENTIONAL STORAGE
Storing Mew Engines

Engines recently recehved from the factony and not intended
1o ba used far an indefinite pariod may be stored successiully
in the Tollowing mannes, All YA Engines shipped by Amow
Specialty Company receive slorage measures imamalhy which
propane the angine for a slorage parod of up 1o & months,
uniess thay are test run, operated for any roason. or have the
axiemal openings unscaked. Enginas stoned ouldoors or in a
hurnid environment may rquire mone frequent represensation.
Circumstances may compel amitling Soma steps and, on the
other hand, special conditions may point o greater emphasis
on other steps,

1. 'When engine s installed in an operable unit:

A, Mix an inhibitlive ype preservalive cil with the
eiging lubricating o in the proportions recommended
by the manufacturer ol the preservative o, or, no
rriixing may be necessary, Dparate enging until oil i
hot. Cooling watar used in this run should have
imhiitor added in accordance 10 manulaciurer's
instructions.

B. FRemove air cleaners of gas engnes, With manually
operated sprayer, Squir can, or other means, ingct
praserative oll of & type suited for this purposa i
the air intake while the engine is running.
Approximately one minute 8 ordinarily adequate. if
poseible, stop engine by “slugging” enough il
through intake to stall. Continue injecting oil until
ongine slops tuming,

Wewver imject oil into the air intake of &
diesal angine.

C. Drain oil and water while hol, If exira prolection is
dasired, the rocker arm covers miy be removed and
a quantity of presarsative ol poured over tha rocker
amm and vahlve mechanizms.

O. For diesal engines or for gas enginds nol stopped by
"shugging”, remove injectors or spark plugs and sguin
or spray sevaral leaspoons of presensalive ol inlo
each combustion chambar. Coal injsclors o spark
plugs and reinstall.

E. Remove distributor cap o magneto cover and apply
small amound of petroleem jelly lo polished suraco
of breaker cam. Where dampness in storage is
expecied, remaoval of magnets may be worthwhile,

F.  Rafer to "STORAGE OF FUEL INJECTORS"® for
additicnal instructions for diesal engines,

G. Wipe angine clean and dry, Apphy wax type masking
lape of like material to all apenings such as intakn
opEnings in air cleaners, exhaust outlels, breathers,
magnate vents, and open line fittings,

H. Reliove tension on bells, This is importan! because
eonlinual tension on balls wilhout the working action
that coowrs in rarmal oparation causes detericration
of the rubber,

. Applya coating of heavy preservativa compound with
brush to all exposad machingd surfaces such as

fywheals.

Engines irealed in accordance with these instructions will
normally be protected for one year of langer. Continual
inspection, however, |s the only way to detarmini if probecticn
i& adaquate, If possible, crank the engine by hand far one or
two tums aboul once a month. Thig holgs prevent saizura of
waler purnp seals, | this is dona, howeves, it is usually best o
add more presersalive oil 1o sach cylinder. Some typos of
presendalive ol are not well suled fo pariodss enging rofation
because they are scraped from the cylinder walls which ane
than unprotected. Other odls are not scraped away, and for
this reason the operalor should carefully invesiigate the
characteristics of the oil used,

2. When engine is il oparable:

A. Opaen drains as requirgd to remove ail, waber, and
T,

B. Remove the injeclors or spark plugs and pour or
squirl aboat a beaspoon of presenaiive ol into each
cylinder.

. With hand or mechanical operaied atomizing spray
(do not wse ordinary compressed air), inject
presansative oil into each cylinder. Crank engine in
nomal direction aboul ene-quarter tum and spray
each cylindar again. Do this about eight times, or
until engina has been umed through o complee
revolutions, The purpose of this procedure is 1o bring
gach valve inle an axposed pasition so the
preservative oil will coat it.
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0. Depending on the judgement ¢f the operalor as 19
the sevarity of storage conditionz, open oll pan
access doors, valve rocker covers, gear cover plates,
and A many ponls as possible where oil may be
sprayed, poured, or squirted over the interor pars,
Aeplace all plugs and covers.

E. Remaining steps may be the same as kisted in "E”
through *1° for an operable engine,

Storing Engines That Have Been In Service

I the courss of normal enging oparalion, residuss of various
combustion products such as lead and sulphur accumulabe
in the combustion area and in the lubrcating oll. Porions of
these residues comblne with atmospheric molstura to form
comosive compounds of a destnectvs natura, Thae lallewing
treatmant will help reduce the damage from this Source:

1. Engine in operable condition:
A. Run engine until original of is hot. Drain,

B. I practical, run engine with a good flushing oll in
crankcass and drain oll and water while still hot.

C. Relil crankcase with preservalive oll, or with tha
proper grade of lube ol o which an inhibitive typa
preservative oil has been added in the propartion
recommanded.

0. Carry out previous instructions “D* through *1® as tha
circumsiances indicala.

2. Whan engina iz nol oparabla:

A, Carry oul ingtruclions as lor an inoperable ngw
BIGINE.

B. If the judgement of the operator and storage
conditions  warrani, the engine should ba
dizassembled for treatment as a new engne. Ordi-
narly, 1his last procedure S URRBCESSAR SXOER N
cases where fuels containing consldarable sulphur
have been usad, or where axtremely bad climatic
conditicns prevail.

PRESERVATION EQUIPMENT AND MATERIALS

Sprays and Alomizers

In the foregoing instructions, it is ecognized that many times
it is necessary to apply prolective compound under difficult
field conditions. Sevaral simple tools may be used bo atomlze
prasarvative oil and farce it into the manifolds and
combustion chambers. One of thesa i a manually oparated
atomizinng gun used ordinarily to ki ale inacceasible poins
on car and truck chassis, Anothear i3 a hand operated pumg
type sprayer with a pointed discharge nozzie commeonly used
with insacticidas. |t dasired. small &il purmps may be rigged
with a mator drive 1o make a comaement gpray unil of the
mechanical pressure type. In almost all casas, the air
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available from shop compressor lines canies oo mush
meisture o be sale lor this purpose. Do mol use high-
pressure air from this soune,

Heating of Preservative Compounds

Many presanativa compounds ara mast affsctive whean heated
balore application, I possibde enging should ba warmad prior
o apphying presenalives, Healing reduces their viscosity so
as 1o gain penetration inlo accessible areas. In addition, the
hat compaound reduces the motatuns lilm at the metal surlacse
and thus awoids trapping moisture under the presanative layer.

["warnme |

Generally speaking, such healing is
confined to 200° F.{33°C), or less, Theze
temperatunes are sasily mached by placing
ihir prixsanvaiivg condainer in heated walar.
Direct heating presents 4 dangerous and
unnecassary firg hazand,

PREPARING ENGINE FOR OPERATION AFTER STORAGE

Tha steps neadad to bring an angine into aclhae sandce aller
storaga in accordance with these Instructions are aboul the
sama as thoss normally carmied out on any new angine. These
arg ingpection, checking for free rotation, adeguate cooling
water or antifreaze, ampls lubfcating od of the comsel bype
and viscosity, and proper adjustmenis.

In addition, accurmulated dust and dift should be wiped or
washed from the exdedor belore ramoving the covers over [he
angine opanings. Removal of installad protection should
aotur upon normal inspection of the enging, gentralor, and
switchgear Interkors prior to start-up. Parial rermoval may be
nacessany in the course of installation, but this should be kept
al a minimum. Engines that kave nat been rotated for some
fime should be olled through the injector oF spark plug
apenings and cranked by hand or with the starting equipment
bedore actually running. Any resistance to free cranking should
b investigated; nest and comazion CARM CALSE SEAEHE S5 P
that cannod be forced clear without engine damage.

All gonarators and switchgoar which have
bean stored musl be checked for
instaliation resistance with a “Megger® prior
b baing pad nlo senvice. The megger used
should preduce 500 V.0.C. Disconnect
vallage regulator, rolating diodes,
suppressors and any other solid stale
devices which may be connecled o the
staber of rator windings. The megger value
should be: operating vollage + 1000 + 1 (e,
maching voltage of 480 VALC. + 1000 = 480
+ 1 = 1,480 megehms), If any circuit 1o
ground measures less than calculated
value, consull the Arrow Specialty Cusiomer
Service Dapartment for any corrective
maasungs 45 may ba necessany.




MNewvar attempt 1o start an enginge that has been stored withoul
first cranking it over with the injecions or spark plugs out.
Spurting oil, water or presanvative compound from these
openings indicates possible hydraulic lock i an attempt had
ben madae 1o operate. Continue to crank enging with starter
until liguid & no longer ejected from openings. Inspect intake
passhiies and manilolds for thickened presercative od, il
accumulated in this condilion may mall when the enging
wWanms up and cause a unaway.

Specifications for Protective Materials

Inemal Sudaces, Cyls., Elc. Extamal Surlatas

LS. Ammy Spac, 24126 LLS, Army spec, 2-121

Operation After Storage

I injeciors were serviced as above, remove sealing wax and
ramnstall i baging.

It storage has been prolonged over a very long period, the
presarvative oil should ba washed from the filters and lines by

thoroughly purging with fuel oil with the fuel control in off
position. Purge by operating hand priming pumep.

PRESERVATIVE OIL

The following preservalive oils are of a type thal has been
Tound satisfactory for the probection of fuel Injectors, Other
equally good oils are probably available and omission of them
{rom this listing does not necessarily mean they are nat
acceplable, In main, the properties making an oil suitable for
presemvalive requirements are good aging stability; high

(Available as SAE 10 or (Way Coating) resistance o gurnming, oxidation and polymeriz ation; low pour
SAE 30 Ammy Ordinance Spec, point and viscosity, Irgedom from acids, asphalts, resins, tars,
AXE BT and waler.
(Hardar black coating)
PRESERVATIVE
STORAGE OF FUEL INJECTORS SUPPLIER QIL
Stormge Ammerican Ol Company Amoco Antl-Fust il
4y
Unless properly prolected from corrosion and gumming,
injeciors, pemps and lines are subject to serous damage while Gulf Oll Corporation Ho rusi Engine Ol
idie for more than a few days’ time. To prolect against such Grada 1
damage when using comventional storage methods, any of
the presenvalive oils listed at the end of this seclion are Mabil il Company Mobil Arma 522
recommended. Camry out the fellowing instrections. In the
SOQUENSH given: Shell Oll Company Donax -6
1. Disconnect main fuel supply line wherever convenient, Aflartic Richfisld Ca. Dircron
carefully wipe it clean of dirt, and place in contalner filled
with presarvalive oil, Texaco, Inc, No. 800 Regal Oil A
(R )

2. Run enging until all of preservative oll has besen iaken
inlo fuel system.

When preservative oll has been run through the injeclors as
in the Toregoing instructions, thay will ordinarily b protecied
tor shorl periods of a week up to several months depending
on clirmalic and storage condiions, Whenever dampness or
long term siorage up to a year seem likely, carry out the
following operalions after the above steps are compieted:

1. Remove the injectors from the ongine.

2. Install caps or 1ape over fuel line outlets and injactor
conneclion filtings. Seal injector openings in cylindar
heads with plugs. Replacn rocker anm covers.

3. Injgciors should be serviced by a compelent diesel repair
station and hot wax sealad for storage,

4. Store injectors in clean, dry location.

NOTE

Dexron automatic transmission fluid may
b usad il none ol the above presenvative
oils are availabla.

TURBOCHARGED ENGINES (MODEL VRD3108)

The following information is suppled as a general guide to
the batter understanding of tha operation of turbocharged
engines, and is not o be construed as complele enginearing
of Servicd data.
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As shown in the sccompanying schematic diagram, ihe
exhaust drivan turbine and its impaller aré nol connected to
the working parts of the engine in any physical manner with
the exceplion of the exhaust and the intake air manifolding
and the il ings, Henece, the lurbocharger will not be troubled
by gear train, belt, or other mechanical drive engine troubles.
Maoraover, since the supply of hot gases under high velocity
supplied o tha exhaust turbing is a rellection of he enging
speed and load, the turbccharmer oulpad = closely malched
to the engine air requiremenis. The schemalic diagram
llustrates how the high speed mpeller driven by the exhaust
furbing prevides additional alr for the combustion process
and thus materally boosts the power oulput of the engine.
The exhaust back pressure is aciually very shghl since it is
the velocity of the gas and #s wnesed enengy which is pul 1o
work. Also, it should ba remembared thal the lemparature of
diesal exhausl gas, even with the turbocharger, is
considerably lower than is normally encounterced al

equivalent loads in gasaline engines.

The turbine or driving member of the unit iz made of a special
heal resisting alboy and is surrounded by a nozzle ring which
direcis the flow of axhausi gases onlo the urbing blades, On
the cppasite end of the same shal, which suppors the
turbing, (he precision-made aluminum alloy impellar operates
within a sumounding diffuser housing, Boih lurbine and
impaller um at the same speed. The full load speed of the
two units logelher with their shalt ks approximatedy 80,000
(ninety thousand) RPM. For this reason, thase parts mus! ba
in a3 close lo perfect balance &5 possible, Thenslong, nol eeen
the skghtest filing, scraping, sandblasting, dnlling, or ather

claaning or nopair procédune which could concaivably rérmow
of add rmelal can be parmitted in the field. A very small amoun
of unbalance can cause severe damage at the speeds Invobed.

The physkcal construction of the engine proper ramains tha
gama for Both the lurbocharged and the non-turboacharged
medals and all major components such as the crankshalt,
camshaft, and connecting rods ane identical,

The possibility of excesshve mufling or unusually restrictive
exhaust pipe installations should always ba considered when
checking turbocharger efficiency. In general, the turbocharger
is an eflective mullling device in itsalf and mufflers ae nol
ardinarity considered necessary. Where circumstances
dermand cangideralion o supplemental muffling, it is
suggested that Arrow Specialty Company be consulted. The
sama factors apply to the use of tall pipes and exhaust pipes
othar than shor direct outlet siacks.

Since tha turbocharger is basically a cantrifugal air pumg
driven by a gas turbine, anything which causes leakage or
impadas the exhaust gas flow will reduce the eficiency and
powar oulput. In all cases whare engina turbocharging and
povweir ouipul saam 1o be less (han normal, check first lor
possitle leaks in the connections at the intake manitold and
exhaust manifeld. Viery slight leaks are sometimes serious
contribuions (o low efficiency.

Tha next point to check under low perfommance conditkons

woukd b the possibility of a paially clogped air cleanar. It is
eggential thal ihe air cleaners be as officient and capable as
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possible in order to prevent substantial amounts of dirt Trom
reaching the impaller, Turbocharged engines draw much more
air than naturally aspirated engines. Tharelore, proper and
regular alr cleanar maintianance is a must,

Sinca aven the most efficient air cleaner |& cadain to pass a
slight amount of fine dirl, it is possible for some of this
mitanial to colbact on tha irmgeller il sulficiant cil or othar binder
material s present. This can cavse impellar unbalance and
will definitely reduce efficiency. Depending on conditions, &
penods program should be established tar removal of the air
inlat connaction al the impeller to inspect lor dirt
accumulation on the impallar sulaces. When and if din is
lound, caution anyeng entrusted with the cleaning against
using the common methods of scraping away such malerial
with & screwdriver, dirty rag, sandpaper, or emery of sieel
wool. Such lechiiques are cerlan 1o damage the impeller,
Cleaning may usually be accomplished with & clean, solt brush
and solvent such as carbon letrachlonde, thi-chlorethylana,
lacguer thinner, or benzol, Carbon tetrachloride has the
advaniage of being non-flammable so that any residue
accumLlaling in the air inlel will nat cause a damaged or
nunaway engng, Claaning must be complate and even all the
way around.

TURBOCHARGER
PREVENTIVE MAINTENANCE - GENERAL

All wir duct and gaskel connections should be roulinely chacked
for tightaess and leaks. Repair any looze or leaking
connecton mmadiately. Ingestion ¢f dirt inte the compressor
can cause seveny wear and damags 1o the lurbochargar as
well as the engine. Laaking prassure joints causs loss of power
and engine overhealing. Excessive dirt bulldup in the
compressor Gin also cavse conssdecable loss of power and
overheating. Accumulations should be removed by use of a
non-caustic cleaning sohvant,

Obsarve acheduled oil change periods o ensure normal
gorvice life of the turbecharger bearings, using the
recammended oil and genuine &rrow replacemant Tiltar
slements,

Turbocharged engines should be dlled lor several minutes
after staring to prevent “ail lag™ failures to lurbocharger
beanngs. This is particulady important duing cold weather or
when equipment has not bean in wsa (o edended perods,

Bearing Clearance Inspection

The purpoge of this check i to detérmine whether il is
nacessary 1o replace or repair the thrust bearing, radial
bearing, andfor rolating assembly of the center housing
rotaling assembly. In most cases this bearing check can be
made while the turbochanger is stll mounted en the engina.

Radial Bearing Check

Fasten & dial indicater (plunger typa) with ong inch tranel
using & mounting adapter and two inch indicalor exlension
rod to the turbocharger oll drain mounting flange. The
rmounting plate and indicator can be secured with the blois

which were removed to gain access 19 the drain hole. Move
the ratating shall forward and away from the indicator. Use
carg to move the shaft in the same direction as the dial
indicabor travels. Equal pressures should be applied to the
shaft ai both ends aimullaneoushy. The iofal dial indicator
displacement should not be less than 003 or greater than
006 inchis, Any deviation lrom these dimensions is cause
for removal and repair.

Axial End Play Bearing Check

Fasten a dial indicator i the backplate 5o thal the indicator
tip résts on the end of the shafl, Mowve the chall adally back
and forlh by hand: If the total indicator reading is grealer than
004 inches the rotating assembly must be repaired o
replaced, These measuremenis may also be made al the
turbine end before removal of tha housing if desired,

OIL COOLER (MODEL VRD3I105)

Maintenance of the oil cooler unit on VRDA0S engines
consists largely of periodic cleaning and inspaction far
clogging, cofrasion, or an inogerative by-pass valve, Improper
or Auctealing oil pressure of an undasirable Increase in oil
temperabure may indicale the need for Servicing the cooler
more Irequenthe In general, the coolar should ba removad
from the engine, dsassembled, and cleaned after each 500
hours of operation. Long service or axpediency may make it
more practical o mplace the inner cooler cora with a new
e, All rust and lime depasils should bé removed from the
wabter passage area of the conler at this fime. The sludge
deposits within the cooler core may be cleanad oul by sevaral
colvents and methods, but in all cases, it s recommended
thal cleaning take place as quickly as possibla after remaving
the cleangr from the engine, Drdinarnily, a cleaning sohvent or
& commercial sludge and carbon remover will be affective i
pumpad vigorously through the codler plates. Observe firne
and salely precautions.
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TROUBLE SHOOQTING

Good trouble shooting mathods detarming tha caUSe oF CaUSHS
of ungatistaciory operation and point out the action needed to
cormect the: problem. Knowledge of how engine systems work,
together with the frouble shooting chart in this unit and
curren! indicaticns from this enging instrumant panel provide
the best background nlormation.

OPERATING CONTROLS

Most VA Series engines are equipped with the following
aperating controls (Sea illustrations),

a.  Ammeber
b. Water temperature gauge

. il pressure gawpe

d. Throdfla
o B TYPICAL DIESEL INSTRUMENT PANEL
WITH SAFETY SWITCHES
I.  Ignition switch (gas and gasoline) )
Z
g. Choke control (gasoline only) ELECTRICAL SYSTEM g
h, Fuel shut-off contral (diesal) 2
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TYPICAL VRG SERIES ELECTRICAL LAYOUT




The engine electrical system consisis ol a batiery, heawvy-cuty
slarter and altarnator. regulaling dewvices, swilches, and
circuits similar to awtomotive installations. Staring is
accomplished by closing a circus from battery 1o starer with
the instrurment panal switch that actuales tha Fagnedic Swilch,
Posilhv engagemen of the pinion before cranking commences
i& acepmplished by the starding motor solenoid. After
cranking is completed and the engine stars, the alernator
replenishies energy expended by the battery. Cutouts and
regulators control the alternator's oulput and prolect the
system from révarss currents and excessive chaming rales.

Amow Specialty Company supplias angines with negativaly
grounded alectrical equipment only, This standandization of
elecirical system polarity Is standard practics for mosi
equipmant manulacturars and thus increases compatibility
betwesn Arrow supplied electrical aquipment and that

supplied by the equipment builder,
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TYPICAL COOLING SYSTEM
SCHEMATIC [HAGRAM

Cooling System

The cooling system used on the VR Senes is of the pressure
circulating type. The waler entirs the water pump inlel on the
right side of the engine. The centrifugal pump pulls this
supply of cool water through the pump body and into a
passage leading dirgctly inle the engine cylinder jackel. The
wialer entérs the engine inihe area of the cvlinder sleeve lower
ends. From hare the waler flow |2 directed about the cylindar
sleeves in an even mannor until it passas upward from the
crankcase and info the cored passages in the cylinder haads
These passages are carefully designed to allow cooling water
acctss 19 all arcas around the vabees. \Waler is collectad from
the cylinder head and enters a thermostat housing al the
forward end. The thermosiat conrols the exit temperaiure of
the water, Back pressure at the waler oulli must not excesd
5 pounds per square inch,

AR INTAKE SYSTEM

With the exception ol adequale supplies of clean ol and
wiater probably no other single servicé iterm conlributes so
much 10 engine Ble as a propary working air cleaner, This is
particularly true under dusly and agricullural operating
conditions, byl surprising amounts of abrasive dinl are present
n most almespheres. When camied into the engine through
the air inlet, such abrasives rapidly wear away cylindar walls,
wiihve sterms, bearing and olher working parts.

Because the dust padicles are so small, yet possess the
ability 1o cavse greal damage, it iz absclutely mandatory that
air-inket connections be kept in tight condition to avoid taking
in unditlgred air,

Alhough various imstallations will have dillerences in alr
cleanar lypes and arrangemente, il & imporant for tha
aperator 1o realize that the common purposse af all air
cleanars is to collect dirt and grit, Thus the cleaner ilsell must
be cleaned as often as dit accumulations slart lo build wp.
Somatimes this may be several times sach day # conditions
are especially bad,
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EXHAUST SYSTEM Same of the adverse effects of pucessive back pressune an: i
Proper dizposal of thi éxhaust of an engine is @ very critical 1. Loss ol power,
problem when you visualize its “breathing funclion®. An
anging consumes an incredible amount of air, and aftar 2. Poor fuel econormy
combusiion takes place, the air and exhaust gases must be
pushed oul of the eylindars, manifolds and exhaust pipang. 3. Expessive vakes temperaiufes and promalure wear,
Every possicle provision must be made 1o minimize the
restriction or back pressure on an exhaust syslem. 4, Jacket water everheating

The exhaust syslem of an engine, pariculardy long exhaust
pipes, can accumulate quite a bit of condensed moisture. If
allywed b run back through the piping into the engine aller it
Is shul dewi, the obviows rusting and sticking of valves, rings,
atc. and the possibility of a ydraulic "lock™ become serous.
Always provide a condengate frap and drain a2 some low poind
ahaad of the engine mandolds,

FUEL SYSTEMS
Gasoline Carburetion

In The gagoline carbureter the functions of melerng and
vaparization of fuel ars accomplished through a float valve
and a seres of jels and venluris according to the speed and
koad of the engine. This prociss is camed oul in three phases;
idling, part load, and full kead, with ¢ach phase involving a
pasticular combanation of the carbuneior system.

MEVER COMNECT THE EXHAUST 5YSTEMS
OF MORE THAN DME ENGINE
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GASOUINE CARBURETOR - SECTIOMAL VIEW

Gas Carburetion

The Imgod carburgior is structurally quite simpla, consisting
of a main body with a conventional butterfly valve and a
diaphwagm operated gas metenng vahe, The amount of air
going 10 the engine is measurad by an air-flow measuEng
valve which riges in direct proportion to the akr volume
pasaing through. The gas metering vake is mechanically fixed
to the air measuring valve and rises with il, thus opening the
gas passage an amount proporionate fo the air enlering the
engine. This establishes and holds a definite fueliair ratio
throwghout the operating range.
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DIESEL FUEL INJECTION SYSTEM

A diesel engine requires an evenly meterad supply aof fuel
dalivered to each cylinder at the comect ime, pressure and
quaniity. Tha complate fuel injection system requires ight
connections, good flow conlrol and sullicient fuel filterng to
ensure clean fuel. The hear of the system is the injection

purng,
Injection Pump Operation

Fugl, under transler pump pressure, is forced through 1he
drilled passage in the hydraulic head into the annulus. It then
flows around the annulus to tha lop of the sleeve and through
8 connecling passage 1o the meterdng valve, The rotary
position of the melering valve, controlled by the govermnar,
ragulates the flow of fuel into the charging ring which
incorporates the charging pons.

As thr ralor revobees, its single charging hole registers wilh
one of the charging ports in the hydraulic head and fuel, at
transler pumg pressure, liows through the angled passage 1o
the pumping cylindar.

At this peint {charging) of the cycle, the rollers are in tha
"vallgy” or relieved par of the cam between lobes. The lusl is
trapped in the cylinder for a very slight iMansal after charging
is compleda,

Funher rolation of the rolor brings is discharge port inte
regisiry with an oulle! port of tha head at which point the
roflers simulianeousty contact the opposing cam lobes and
ihe plungers are forced towards each athar. The fwel and the
plungers are forced tewards each other. The fuel trapped
batween the plungers is forced from the pump through one of
tha cullat pore to an injection ling,

Lubrication of the purmg i an inherent charecteristic of tha
Reosa Master design. Az fusl, at fransfer pump pressure,
reachos the charging ring, slots on the rolor shank allow fuel
and any enfrapped air 10 bleed 1o A reduced diameter on the
shank. This fuel fills the pump housing cavity and acts &35 a
coolant as well ag a lubricant, since it i allowed 1o returm b
he supply tank via the oll retum connection n the pump
heusing cover. This return line also permits any air entrained
in the fuel or cnginally contained in the pump to be camed
ol

CHARGING CYCLE: As the rotor revalves, the angled
passags in the rotor registers with one ol the charging ports
in e charging ring. Fuel, al transfer pump pressure, then
passes into the pumping cylinder, forcing the plungers apan
a distance proportionate 1o the amount of fusl required for
imjsclion on the following stroke. Only at full load will the
plungers move lo the most outward position, controlled by
the leal spring safting (madmum fusl adjustment). This leal
spring is adjusted permanentty for maximum luel and any
tuel adpsiments should be made by using the smoke stop
adjustment screw located on the rear of the pump (see
lNustration). Tuming thie screw *IN® reduces the masximwm fuel
use, Turning the adjusting screw "DUT" increases fuel use at
full laad




DISCHARGE CYCLE: As the rotor continues 1o revolve, the
angled passage passes oul of the registry with the charging
port. For a brief interval the tuel is trapped wnbil the rofor
outlet registers with one of the head outlats. As this registra-
bon takes place both rolers contact the rise of the cam lobes
and are lorced fogethar. This is the discharge of injection
stroke. The fusl trapped between the plungers is forced through
the axlal passage, through the delivery valve and out the
rotor outlel.

Fuel Injector (Pencil)

The operation of the pancil injecior used on VRD 283 and 310
engings is simple and positive. A metared quantity of fuel
under high pressure from the injection pump flows through
the Inlet fitting of the injector around the injector valve, At the
instant the pressure of the fuel against the vahwe exceeds the
predetermined spring force - the valve is lifted off its seat
alfowing fuel under high pressurs to flow through the four spray
SMOKE 5TOP ADJUSTING SCREW LOCATION oificas to the combustion chambar.

The instant the fuel delivery ceases - the pressure against the
valve is reduced and the control spring snaps the injector valve
to its seal. This eliminates any possibility of dribbling or
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- 1 dripping after the matersd amount of fual has been delivered. T
During injection a small amount of fusl leaks through the o
closely controlled clearance at the guide, lubricating all the 2
moving parts in the injector. This fuel then flows off through a (]
loakolf boot at the fop of the injector and relums 1o the fuel 3
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Fuel Injectar (Pintle)

Pindle type nozzles are used on YRD 155 and 232 series
engings, The nozzies are actualty pan of an injection syslem
comprised of the injecior on one side of the head and the
anargy call directy in line wilh the aozeke on the ather.

The injectors are operated hydraulically by the pressung o
the fuel defivered fram the injection pump. They ulilize a spring-
laded vahe and a seat located at the spray odfice lo close
ol fuel &t the end of injection. The Pintle or pin ke proirusion
projects into and cleans the spray orilice of carbon
sccumulation each time injection is ended thereby
appreciably increasing nozzie sendce life.

HOLDER BOOY

SFINDLE
NOIZILE CAP NUT

MOEILE

FROTECTION CaP
GASKET

AJUSTING SCREW

FOR LEAKIFE
COMKECTION

FUEL IMJECTOHR (PINTLE) CUT AWAY

! mpeo———— G TEM
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WALVE

FUEL DUCT

FRESSUME CHAMBE R

WALVE SEAT
FINTLE

PINTLE NOZZILE CUTAWAY
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Fuel is forced from injection pump through injection tubes to
fuel inlet of nozzie holder body. Fuel then passes through fuel
duct at high pressuns (o a pressure chamber af baso of valwe,
When luel pressure equals opening pressure of spring
controlled nozzle, kel lorces valve stem up against spindle
which in tlurn bears against spring, This opens vahe in nozzle
and fuel is forced into engine combustion chambar. Spring
closes valve immedialely as momentary high injection
pressure of fuel dissipates and ends. Opening pressure of
valve ray be varied by changing compression of spring with
adjusting screw, Excess ival which is nol lorced into
combustion chamber refurns to fuel tank through leakol
connshon and drip line.
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VALVE BODY
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SPINDLE
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@

SPRING RETAINER CAP WUT— GASKET
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p
PROTECTION

LOCK NUT

PINTLE INJECTOR DISASSEMBLED

IGNITION SYSTEMS

Smooth combustion requires positive ignition in the sylindarns
al fingly defined intervals. VRG Series engines are equipped
with either distributor or magneta ignition.

I Bath theony and sendce practes thens is little difersnce
between a magnete and a distributor. Whereas a distributor
depends upon a generalor and storage battery lor its primary
currant generated within itsell by rofation of permanan
magnals batwaan the pole shoas,

Distributors are diven by @ tll'lg which is mabed wilh a slat in
the upper tace of the ol pump drive gear, The magneto dive
Tor the gear driven, vertically mountsd magreto, & driven in
the sama mannar,

Utdizing battery current and an ignition ¢oil, the distributor
lunctions in much the same way as a magnelo, The relarded
spark for slaring is oblained by the centrifugal spark advance
mechanism 1hat automalically advances the spark 88 engng
speed increases. The retarded spark for starting magneto
ignition andings is oblained by use of an impulse coupling
which disengages at aperating speeds.




TYPICAL IGHITION DISTRIBUTOR

LUBRICATION SYSTEM

All VR Sores engines, pxcopt the VR 155 and VR 232 Gas
and Diesal engines, have a gear type purmp, full llow tilter
lubrication system. The 155 and 232 engines have & vans
type pumg and by-pass fillering.

The suction preduced on the inlet side of the ol purmg draws
the ol o the foating inlet scredn and conducts i o tha oil
prassure pump inlet. The oll is discharged under pressure at
the top of thix pump,

Al the oil under pressure enters the full flow (except in the
155 and 232 Gas and Dlesel engines), then passes throwgh a
passage in the crankcase directly inlo the main oil header
which extends lengthwise along the right side of the engina.
In case of excessive pressure build-up due to & clagged full
flowe il filter alemen], a by-pass valve in the oil filler allows
tha il 1o enter directly nto the main ol header.

Al the front of the galery (gear-cover end) a prassura relief
valve of the non-adjustable type conirols the il gallary
pressuns. Pressure is Incféased by adding shims betessn the
gpring and screw head of the oil pressure relief valve in the
crankease, O gallery pressure of current VRD and VIRG 283

and 310 angines is controled by the pressure relied vahe in
ihe ol pump. To adjust prassune, the oil pan mus! be remaved
1o get at the pump. Tum the reliel vahe adjusting seraw in to
incraass ol pressure; back i out 1o decrease pressure, Drilled
passages conduct the oil from the gallery ta the main
bearings and also lo the rod bearings of all VA Seres
angines excepl the VR 155,232 and 265 Gas engines and the
WR155 and 232 Diesel engines.

Ol from the indermadiate main bearng meterdng slots.of thess
engines is conducted 1o a second gallery extending the length
of the engina. Thig gallery has small jets located directly above
ihe oil holes in the uppar flanks of the connecting rod
baarings when the connacting rods are in the proper position
b riciive lubrication. The culets, or jats, meter the comect
amaunt of oil inte each of the rod bearings.

The péston pin bushings in the VR 155,232,265 Gas engings
and the VR 155 and 232 Diesel engines ang lubricaled through
an oiling hole in the top of the rod while the piston pin
bushing of the other VR Series engines are lubricated through
a drilled passage in the rad. The front and rear main bearing
crankshall joumals include small pockets which index with
the incaming oil passage and bridge across the joumnal o an
cuigoing ofl passage, This happans for a briel portion of sach
rvolution of the shaf.
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Qil leaving tha front main bearing through the passagse
system described above is conducted in part fo a small jet
just above the camshalt drive gear, This oil lloods tha
mashing suraces of the timing gears. This passage also
connects to the governar gear lubrrication passage of VR
Sorias gasoline enginas.

Ol leaving the outled hole of the rear main bearing each tima
tive pockets in the crank journal index passes wpward through
drilléd passages in the crankcase and cylinder head to a tuba
fting on the head. From this filting oil passes o the hollow
rocker arm shaft and then to each vaboe in lum o provicks
conirolled oling of the valves and quides. Full pressure to the
recker arm shafl and then to each vahve in tum to provide
controded olling of the vahees and guides. Full pressura to the
rocker arm shall s provided bo the idler gear bushing of YR
Sefigs diesel engings,

After lubricaling the recker and valve mechanism the of
retums by gravity 1o the space around the push rods to the
tappet compartment where it is collected i a kge gallery
located abowve the camshaft. Cam jourmals are lubricaled
dlirgcitty from this oil gallery. Full pressure 1o the cam jourmils
is provided on VAG and VAD283 and 310 enginas.

HOTE
Oil pressure readings should bae laken
al the oil gallery while engine is at

govermned speed. Ol temperatune should ba
approximately 200°F

VR Series Oil Pressures [Average)

EMGIME HKZH IDLE LOWY IDLE
MODEL (1500 rpm) (B0D rpm)
YAG155 2535 12psl. min,
VYRO155 25-35 12psl. min.
VRAG232 25-35 12psi. min,
VRD232 2835 12pei, min,
WRG2ES 25-50 12psd. min,
VRG283 25-50 12psi. min.
WRDO283 25-50 12psi. min.
YRG0 2550 12psi. min.
YWRDO310 25-50 12psl. min.
YRADI105 25-50 12psi. min.

TYPICAL GEAR TYPE OIL PUMP
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TYPICAL GEAR DILING - SCHEMATIC
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GOVERNING SYSTEMS
Injection pump

In the ceniritugal govemor the movement of the Ihyweights
against the govarnor thrust sleove rotates the metenng vahae
This rotation vares the registry of the matering vahve skt with
tha passage 1o the rotor, thus controlling th Tiow of feed 1o the
angine.

This type of govemor derives its enargy from the centrdugal
aclion of the Myweights pivating on their ouler edge of the
ratalner,

Centritugal force tips them outward, moving the governor
thrust slaeve against the govamaor arm, whach pivols on the
knife edge of the pivat shalt, and s connected through a simple
pasilive linkage 1o the maetering valve. The lorce on the
govemor arm caused by the cendrifugal action of the flyweights
iz batanced by the compregsion lype govemnor sphng, which
is manually controlled by the throtile shalt linkage in
regulating engine speed. A light ikdle spring Is provided for
rde sensitive regulation at the low speed range, The Bmits
af throtle rivel are set by adjusting screws for proper idling
and high speed positions.
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LOCATING DRIVE SHAFT

— GOVERNOR
WEIGHT

RETAINER

SPRING

DRIVE
TANG

- FUEL OIL
BLEED PASSAGE

LEAF

LEAF SPRING
ADJUSTING
SCREW

ROLLER

ROOSA PUMP GOVERMNOR PARTS

Mechanical Governors

Mechanical governors used on VA gasoline engines are of
the familiar cantrifugal fype with a variable spesd "swinging
spring” adaptation. Two weights, driven directly lrom the
pnging gear rain, respond to vanations in engine speed by
meoving mward of cutward from the govemar shaft. This
rawvemant is Tranamitied to the govemor weight shefter kreer
through a pilot bearing gliding on the govemsor shaft. From
the shifter lever the movemani is carrisd 1o the throtile vabwe
im the carburstor by a sedes of linkages. For example, as the
engine lands to slow down under an applied load, the weights
mdve imward due to the reduced coentrifugal lpros, Thiough
the Enkage system, this weight movement causes the throtte
vahse to open and admit more fuel and air 1o the sngine, thus
restoring nomal lnaded speed.

The governor also acls as & prolecive device to prevent
engine damage from cverspeeding. Herg, as the speed
increases lowards thal spead eslablished as the maxmum,
the waights move oulward undar the increased centrifugal
lorce, This movement i opposed by the governor spring.
When tha lorce acting on the weights is balanced by the spring
tension the govemnor linkage stabilizes. Al this point the
amounis of fuel and air entaring the enging ane held 1o those
neaded for the selecied maximem spaed and no Mo,
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MECHARICAL GOVERMOR "SWINGING SPRING®
TO BUTTERFLY VALVE AND LINKAGE

An adjustable eyabolt with locking nuts can also be used for
clogar regulalion within the variabls range.




TROUBLE SHOOTING CHART

SYMFTOM PROBABLE CAUSE REMEDY
Crankshaft canno! be barmed over CAUTION: DO NOT ATTEMPT TO
ROTATE CRANKSHAFT WITH
STARTER
Seized Piston. Roplace piston assambly and possibly

Copolant or obstructon in cylindar:

8. Cracked head.
b, Cracked sleeve

¢. Blown hoad gasked.

Bearings oo Bght:
a, High spots on bearings.
b. Improper lorgque.

&. Main bearing caps installed
ol of location,

Fuel in cylinder (diessis) from
leaking injeclar

Load nal -:igangagaﬂ fraom anging.

shiva, Delarmine cause of seizun -
insufficient ring gap, insulificien
lubrication, inadequate cooling,
ovaioad,

MOTE: REMOVE SPARK PLIUNGS
OR INJECTORS AND CRANK
ENGINE TO VENT CYLINDERS
OF ACCUMULATED COOLANT.

8. Replaca haad,

b. Replace slaave.

¢. Replace head gaskel,

a, Replace bearings.
b. Loosen Beamng caps and re-torgque.

€. Chisck sach bearing cap, place in
propar location,

NOTE: REMOVE INJECTORS
AND CRAMNK ENGINE TO VENT
CYLINDERS OF ACCUMULATED
FLIEL.

Replace or overhaul Injector,

Disangage load

(C)
Z
=
(o]
(@)
I
wn
(T
—
o
=2
o
[~*4
[

r———]



TROUBLE SHOOTING CHART {cont.)

SYMPTOM

PROBABLE CAUSE

REMEDY

Engine will crank but
will ot stas.

Ignition switch in OFF position or
delective (gasoling onginea).

Ingutficlent cranking speed:

a. Fun down battary o electric
slarter system malunclicn,

b. Lube cil viscosity too high.

Mistimad or faulty ignition system
[gasoling anginas).

Poor compression:

a. ‘Wom rings.

b. Leaking valves.

£. Loaking head gaskel,

Fuel shut-af controd in off
position (diesals),

Fuel system inoparativa:
a. Air bound (diesols)

b. ‘Waler in fual.

c. Insufficient fuel supphy.

d. Clogged fuel filters and strainers.

0. Inoperative fuel supply pump.

. Imgroper timing of injection pump
(deesale),

g. Malfunctioning injeciong.

h. Ruplurad ling pressure regulatar
diaphragm [gas engines),

I. Sl carburator diaphragm o
WOIrm air-gas valve assembly (gas

englnas),

Place switch in ON position - replace
delective switch.

a, Charge or raplace battery; check
starter systam,

b. Change to lower viscosity as

recommended in PREVENTIVE
MAINTEMANCE.

Re-tima, repair of replace components
a5 required.

a. Renaw rings.
b. Recondtion head and vahmes.
2.  Replace head gasket.

H&;ﬂ fuel shut-off control in on
position,

a. Oparale hand primer until aif
i= expalled. Repair sourca ol air
entering Into system.

b. Dwain water at strainers, filters, and
fual tank. Replace Mer elements.

€. Fill fusl fank {diesels and gasoline
engines) - check gas pressure and
carburetor adjustmants (gas an-
INES),

d.  Clgan strainers and replace fued
[fRear olpmants.

o, Rebuld or replace pumg.

l.  Ae-lma injection purmp,

4. BRepair or replace mjpctorns.

h. Replace diaphragm.

i,  Replace air-gas vabss assembly.
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TROUBLE SHOOTING CHART (cont.)

SYMPTOM PROBABLE CALUSE REMEDY
Eingine will crank but will j Bem ling préssure regulator control |- Replace control rod.
neot stari (continued). rod (gas engines).
Governor inoparative or binding
control linkaga:
. Linkaga dirty. A, Clean.
b. Linkage broken, b. BEepair linkage,
¢. Linkage plvol points, . FAe-adjust o replace phot point
bearing sufaces,
Paor compression:
B ‘Wom rings. a.  Fensw rings.
b. Leaking vahwes b. Recondition heads and vahmas,
¢. Loaking head gaskeis. c. FReplace haad gaskets. g
=
Clogged intake air filher Remove and clean. 8
Safaty shut-down conlrol net re-set. Re-set safety shut-down control E,
—
} : )
Engina slops suddenly, Fusak: 8
&, Water in fuel. a. Drain water a1 strainers, iRers and o
fuel tank. Replace fltor elemants.
b Airin fuel [diesals), b.  Operale hand priimer until air is
axpelled. Repair source of air
enbering into sysbam,
g Insufficient fuel supply. g.  Fill tank (digsels and gasolina
enginas) - Check gas pressune
(gas engines).
d.  Clogged fuel strainars and filters. d. Clean strainers and replace fuel
fiRar elemants.
e, Loose fuel control linkags. @, Feadust and tighten.
. Clogged fual supply line, {. FAaplace line.
g-  Fuel supply pump failurs. g. Fepair or replace pump.
Obstructed exhaus! manilobd Determing cbstruction and remedy causs.
Faulty ignition system [gasoling Repair or replace componants as
anginas). required.
Clogged intake air filter Remove and clean.
Enging sveripeed causes salaty Determing and correct cause of
control 1o shul down engine. anilinspeed.
Excassive oll cavsas enging to slall, Determing and cormect causa ol averload.




TROUBLE SHOOTING CHART (cont.)

SYMPTOM

PROBABLE CAUSE

REMEDY

Engine stops suddisnly
(continued).

Pislon seizurm:;

&, Insufficient ring gap (applicable only
immediately afier overhaul).

b. Insulficidnt lubrication

¢, Insulficient coaling.

Seizura of bearing - main cannecting
e, piston pin or camshah,

a. Lack of lubrication,

b. Dirt In lube i
Obstruction in cylinder.

Low oll pressure causes salety
contrad to shul down engine.

Hegh coolant temparature chises
salety conlrol to shut down angine,

a. Replace scored piston, sleeve and
rings. Adjust ring gap.

b. H&plac.u scored piston, sheeve and
rings. Clean ol passages andfor
detarrming cause of lack ol hubri-
cation.

c. Roplace scored peston, sheeve and
rimgs. Clean and'ar fill coocding
Sysiem,

Ropdace baarings - clean up or riplace
crankshaft, camshalt, or pislon pins
a8 réquingd.

@, Check lube il system -
cOrrect Cause,

b. Check hube oil filter,
Feplace all pars that faiked.

Inspect lubricating oil system and
COMponents - cormect Causa,

inspect cooling aystem and compoanents -
comec! causa.

Engine Power Loss.

Low comprassion prassure,
d. Leaking head gasket.

Leaking exhaust; intake valves,

Wom rings {excessive blow-by)

Wormn pistongSine,

Cracked piston.

Cracked cylindar hagd,

Mizadjusted infake and exhaist

valves (il recently cvarhauled).

h. Dirty alr cleanss élemant,

Riesiriction In intake ardior

exhaust systam.

| Tubochanger matunction
{(VRD 3105 only].

k. Insufficient warm up poriod.

e NN

a. Haplace head gaskot - inspeci for
vearpad cylinder head andior
crankcass - replace i necessany
Recondtion hesd and vabves,
Replace rings.

FReplace as nacesgarny.

Replaca,

Raplace.

Adjust vahmes,

Replace,
Chack lor sbstruction.

jo Hepair or replace.
k. Foliow recommended procedunes

= F mmsang
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TROUEBLE SHOOTING CHART (cont.)

SYMPTOM

FPROBABLE CAUSE

REMEDY

Engine power koss
(continued).

I ulficaend Tu

a. Dimy lual liters or sirainers,

b, Cracked fual linasfillars.

e Warn or impropary calbraled
fuel injection purap [diesals),

d.  Wom fusl supply pumg.

@, Léw gas pressure (gas enginas).

. Clogged or impropery adusied
main earburator jat [(gasoline
angines)

Injectiors malfunction (dieseks);

a. Clogged spray tip.

b. Diny.

Excoessive axhaus! sysiem back
pressLe.

Dirty intake air fitter.
Ignition of injection Syslem oul-of-
tima.

Alr in fusl (Sesals),

Engine misliring (gasoling enginas):

a. [Incomect carburetor or reglilator
adjustmant,

b. Faulty ignition systam.

a. Clean strainer and replace fuel
filter elemeants.

b. PReplace cracked lineTiber.

c.  Oworhaul, replace, or recalibrabs,

d.  Cwerhaul or replace,
&, Check gas fuel system

{.  Clean of pdjust,

a, Overhaul ingector, claan tip or
el o,

k.  Owerhaul and claan,

Corraet as réaquined,

TROUBLESHOOTING

Remove and clean or replace.

He-time.

Oparate hand primer until alr s expelled.
Rapair source ¢l air enterng system.

a. FAeadjusi.

b. Repair or replace components as
requirad.




TROUBLE SHOOTING CHART (cont.)

adusied.

Engina ovarload.

D o mons defective infectors (desals).
Tachomeder inpeourle,
Insutficiant fuel supphy.

Restricted air intaks,

(VRD310S only).

SYMPTOM PROBABLE CAUSE REMEDY
Engine will nol reach Injoction or ignition not propedy tmad. Fre-tima,
rated speed,

Injection pump of carburslor impropeary Me-adjest,

Deterrmine and correct cause of
overload.

Raplace or overhaul injechors.
Calibrate or replace lachometer.
Check fuel supply systam.

Engine hunis or surges

Govemnor misadjusted or fauly. Readust o repair,
Correct cause.

Turbachargar malunclion Repair or replace,

Misadjusied govemor Bulge Screw Adjust,

(gasoling only).

Gauge naccurale,

Qil gauge line plugged.

Engine cperaled &l angles in axcess
of maximum sale il angles.

oil pump pressune requlating vahwe
sal oo low (WVRD and VRG283, 310
and 3108).

Crankease ol préssuns ralial
valve relieves al lvw préssun,

Govemor linkage slicky or sloppy. Remove all dint and burrs from linkage.
Fealign and ro-5m.
Turbocharger malfunction Repair or replacsa.
(VRD3102 only),
Low or fuctuating CAUTION: SHUT DOWN EMGINE
lubricating o pressure. IMMEDMATELY.
Insullicient oil. Add ol as recquined,

Compare fo master gauge - replace
gauge.

Renaw gauge ling,

Operale within maximum sale il
angles.

Turn valve adjusting screw in 1o
INCrease prassura to 25-50 pal &l
1500 rpm

Replace relief valve spring andior shim
1% inchsase pressure io 25-30 psi
for VAD and VAG 155 and 232 and
2550 psl for VRG2ES at 1500 pm.
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TROUBLE SHOOTING CHART (cont.)

SYMPTOM FROBABLE CAUSE REMEDY
Low or fluctuating lubri- Lubricating of pressure regulating valve Free vahe.
cating od pressura sluck in open position

(contEmued).

Lube ol filber phugged (full flow only).
Wom lubricaling oil pumg.

Waom bearing (connecting nod,
main, and camshalt),

Lubrieating o dilution

Cracked of leaking lubricating oil
plping.

Lubricating oil of low vistosity,

Lubricaling oil loaming.

Clogged oil inkal Screen

Change elemant, Clean filler,

Repair or replace pump.
Replace wom bearings.

Change oll and filter slemant,
Determing and comect Souwrce.

of diluticn.

Repair or replace piping,
Change to higher viscosity oil, as

recommended in PREVENTIVE
MAINTEMNAMNCE.

Lise il grade recommandad in
FREVENTIVE MAINTENANCE,
Chack lor water keaks o il

Remove and clean scraen.

High ldoricating
oil pressura

Gauge naccurate,
Lubricating oil tempanature too
Iy,

Ol presaure ragulating wahma
sluck in closed position.

Oil purmp pressune regulating vabse
eal oo high, (VRD and VIRGZE3,
310, 2105)

Lubricating of of high viscosity.

Compare lo master gauge -
replaco gauga.

Raka temparatune,

Frea vakia.

Biack valkse djusting screw oul 1o lower

pressure 1o 25-50 psl al 1500 pm,

Changs o lower wvissosity od as
recammended in PREVENTIVE
MAINTENANCE,

Higgh fuel il pressure

Gauwge inaccurata.

Transier pumg regulating
vabee laulty.

Compare to masier gauge - replace
gauga

Hepair or replace.

TROUBLESHOOTING
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TROUBLE SHOOTING CHART (cont.)

Inoperative tharmostat.

SYMPTOM FROBABLE CALUSE REMEDY
Low fuel oil pressune Gauge Inactcurabe, comparg bo maslar gauge -
(diesels). replace gaLgs,

Transler pump regulating vaka Repair or replace,

Taulty.

Fuel filers and strainers clogged. Clean sirainers and replaca filter

elpments

Clogged or collapssd fuel supply Replace lina,

ling,

Air leak on suction slde ol pump Locate and repair laak,

Daiective fuel supply pump. FRepair o« replace pumg,
Low cooling walar Gauge inaccurabe Compare o master gauge -
temparalure. replace gauge.

Replace tharmaostal,

High sooling water
lemperaturs.

Gauge inaccurals,

Cooling systerm iz air bound,
Low cooland lavel.
Worn water pump,

Frozan coolin.

Poor coplant ciroulation.
Bloem head gaske,

Insulficient circulation of air
{radiator cooling).

Cracked haad

NOTE: COOL ENGINE
SLOWLY.

Compare 1o masier gauge -
replace pauge.

Purga aar from cooling systém
Fill cogling syslam,
Replace or éverhaul pump,

Completely thaw cooling sysiam
balora re-slarting endgine.

Check entirs cooling system.
Replace head gaskel.
Comect as reuingd.

Replacs Fead,
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TROUBLE SHOOTING CHART (cont.)

SYMFTOM

PROBABLE CAUSE

REMELD"Y

High cooling waler temp-
arature (conlinwed).

Cracked sleave.

Incperative Ihemmosial

Labe igniticn or injection timing.

Raplace sheava,

Replace thermostat,

Ae-tima.

High lubricating ol

Ol leaks: in lubricating oil system.

Find and repair leaks.

consumplion.
Improper viscoalty. Change 1o recommeanded visoasity
for operating lemperatures In
PREVEMTIVE MAINTENANCE.
Leaking ol seal(s) - rear andior fron. Changs seal(s),
Wom intake valve guides. Change headrenew gusdes, of vahe
stem seals,
Turbcchargear seal damaged. Rapair or replaca,
(VRCI105 only).
Sluckiwom plston rngs, Renaw rings.
Turbochanger drain resiricted, Reapair or replaca.
(VALT0S anly),
Ona or mone pistons with rings Ramove piston - comect postion
upsiche dawn (iF recently ovar-haubed). ol rings.
Excesshve connecting rod Aaplace baarings.
baaring running claarancs,
Crankcase breathar plugged. Cleam,
Lubricating o HOTE: CHANGE OIL
contaminabed,

Lubricating oil diluted with desel lual:
a.  Injecton(s) leaking.

b. Injection pump shaft seals wom,

Lubsicating il comlaminated with water

a, Slpeve seals leaking or sleeve cracked.

. Cracked crankcase.

8. Heplace or overhaul injectons),

b. Raplace seals; chack pllot fuba
bor groowes in seal area.

a. Feplace sleave andior |;|-ring.'5,

b. Replace crankcase.
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TROUBLE SHOOTING CHART {cont.)

Foundation bolts:

a. Loose.
b, Cracked.

Vibration darmpener lcose of faled
(YRO310 and VADI1ES only).

Unbalanced cylindera:
a. One or mone injectons

inoparative (desels).
b, Misfinng ignitlon sysiam

(gaseling enginas).
Crankshaft:
a. Cracked

b. Main bearing balls keosa,

Looaa fhwhesl,

SYMPTOM PROBABLE CAUSE REMELDY
Lubricating od Lubricating oil contaminabed with dirt.
contaminatad
[ecntinaed). a. Lube oil fiter by-pass vahe opening A,  Replace élérment,
bacause slement is plugged.

B,  Lube ol filter element punclured, b. Heplace elemaentl.

c. Al infake filter punciured. €. Replace air intake filiar,
Excessive vibration. MOTE: STOP EMGINE AT ONCE.

INVESTIGATE CALSE.

a.  Torgue,
b. Replace bolts - torgue all bolts.

Retorque boltal replace dampener

a. Replace all defective injectors.

b. Repair or replace components as
required.

a. Conduct a complete investigation
of entire engine for darmage.

b.  Determing reason for loasening,
imrestigate the entire lower
crankcase before torquing and
subjecling engine 1o use. Replace
main beanng bolts.

Replace and/or lorque as required.

Blus-White exhaus
(dieseis).

Worn of stuck piston nings,
Wom slesves.

Wom vahe guidas.
Cracked piaton,

Turbo seal leakage.
(VAD310S onky).

Dirl buildup i turbs compressor
housing. (VRD3I105 only).

Carbon buildup bahind turbine,
wheel. (VRD3105 only.)

Ruiplaca rings,
Replace sleoves.
Hoplace guides,
Raplace piston.

Bepair or replace,

Repalr of replace.

Repair or replace.
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TROUBLE SHOOTING CHART (Conl.)

SYMPTOM PFROBABLE CAUSE REMEDY
Black Exhaust. Insuflicient infake air due 1o
Indake: air Ber cogged, Clean or replaca.

Engine ovedoaded,
Late injection or kgnition timing.
Inaparative injector (diesals).

Carboned energy cell,
(VRD155 and VAD232 only )

Lo compression:
a Insuflicient vabve charance.

b. Bumed valves.

c.  ‘Worn' stuck fings and sleeves,

Créar-rich fualfair mixture [gascling
BRGINes),

Turbo seal keakage.
(VRDI105 only).

Dirt bulidug in turbs comprassor
housing. (VADI105 onhy.)

Carbon buildup bahing turbing
whesl, (VRD3105 onby.)

Determine and cormect cause of ovedoad,
Re-time.
Replace or repair defective injactar,

Claan.

a. Reselvalwes

B, Replace or overhaul head.
c.  Cwarhaul.

Readjusl

Repair or replace.

Repair or replace.

Repair or replaca.

High ubricating ol
tempa rature,

Gauge mnaccurals,

Engine overtoaded,

High cooling wabar iamparature.

Low lubricating oll pressure,

Compare o masier gauge - replace
gauge

Catarmine and corect cause of overdoad.

See High Cooling Water Temperature
CAUSES.

See Low Lubncating Oil Pressure causes.

Knocking of unusual
noises.

Low sctane lual (gasoling argings)
Engina averload.

Tura seal leakags
{(VRDI05 onhy.)

Dirt busbghup behind turbine
wheel. (VAD3I10S enky.)

Turbo malunction.
(VRDINDS onby.)

Change 1o higher octana fusl,
Deterrning and comect cause of overdoad.

Repair or replace.

Repair or replace.

Fepair of replace.
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TROUBLE SHOOTING CHART (cont.)

Loose piston pins (failed).

Damaged or excessively wom
accossory dives.

Excessive crankshafll end play.

Excessive valve clearance.

SYMPTOM FAOBABLE CAUSE REMEDY
Knocking o unusual Oreerly advanced ignition or injection Fe-tim.
noises (eontinued). tirming

Locse bearings (lailed), Replace bearings.

Replace piston ping and'or pin
bueshings &% requinad.

Fepair or replace components
as raquined.

Replace main thrust bearing.

Readjust vahwe clearance,

Enging owerlead,

Poor compressson.

Irmprogsir matching of torgue
convenor i enging and load.

Sticking valves or rocker arms. Free up or replace,
Misfitbed or excassively wom Replaca.
firnirg gears.
Excessive fuel Carburetors adjusied over Peadjust.
consumption fich (gasoling engines).
Excossively wom fuel Repair or replace,
injectors (diasels).
Loaks in fual sysiem. Repair as raquired.
Faulty kgnition syslem Repair or replaca componarnits
[gascline engines). a% requined.
Late ignitien or injection timing. Ra-time.,

Datermine and comec! cause of
ovarioad.

Determine cause(s] and affect. Repair

Replacy torgue converor
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TROUBLE SHOOTING CHART

SYMPTOM

PROBABLE CAUSE

REMEDY

Excessive luel con-

sumption (continued).

Injection pasmp shaft seals wom and leak
fued ¢il into crankcase (diesals).

Injection pumg impropery
calibrated [Sesals).

Replace saals; chack pilot tuba for
groaves in Seal area,

Recalibrate pumg

Low gas prazsure
(gas engings),

Incomectly adjusted gas raguiator,
Ingadficigni ling prassung,

Incomect cnifice and'or spring
in gas ragulabgor,

Undersize gas regulalor,

Ui rsig p'pinﬂ.

Gias regulator mounted too lar
froem anginag.

Aeaduest,
Increass line pressiing,
Replace onfice andior spring.

Replace with gas regulator of
adequate sire.

Replace with piping of adequate size.

Remount gas regulator as closa 1o
carburedor as passibla.

High gas pressurs
(gas engines).

Incorrectly adjusted gas regulator.

Incorrect spring or orifice
in gas requlator,

Excessive lina pressune.

Feadjust.

Heplace spring or arifica.

Reduce ling prassure

TROUBLESHOOTING




CRANKCASE

The crankcase of the VR Series engines is a single pieca iron
casting incorporating thrae, lour, or seven main bearing
suppets and locations for four or six wet-type cylinder sleeves.
The caoling water passages are formed belween the
side-will glructure of the crankcase casting and the cylinder
sleeves. Thus, the slooves are always in direct confact with
the coolant. Since the cylinder sleeves arm of the removable
type, il ks necessany 1o maintain a seal at the upper and lower
sleeve-to-crankcase contact surdaces, This is done by the head
gaskel which seals the mating surffaces at the joint between
the skeove flange and the crankcase deck al the upper and,
and by two rubber seal rings at the lower end of the sleave,

The crankcase has three or four support locations far the
camshaft joumals, These suppord the camshalt at the fromt
and rear and at one of two intermediate points. The fron
camshafl suppod of the VRD and VARG 155 and 232 and tha
VARG 285 engines has a pressed-in bushing. All four
camshalt supports of the other VR Series engines have
pressed-n bushings, Immedialely above the camshall lobas
are kocations for the mushreem type valve lifters.

At the rear end of the crankcase is a mounting suracs lor a
Mywheel housing and & kp type crankshafl oil seal cover, To
ensure accurate mounting of the clulch ar athar dribva unit in
the flywheel housing, the rear surdace of the engine is held to
very closa tolerances and the housing itself is machingd true
after the engine has been assembled. Whenaver the power
lake-off, fhrwheel, or flywheel housing are remowved, the
man-aiil and eccantricity of the related pars should be chacked
and adjusied ag required (500 Inslallation section),

Faced mounting bosses and connections are provided at
various points on the crankcase exterior for mounting
accessonies, lines, and other equipment selected by the
engane cperalin, Crankcase ventilation is accomplished by a
breather tube located in the vahve cover,

CYLINDER HEADS AND VALVES

The cast-iron cylinder head is designed and fabricated
espacilly lor the lemperatures and pressures of indusidal
use. The cylinder head of VARG 283 and YAG 310 engines is
o two plece construction. It is emphasized that this two pisce
hirad is faclory assembled and i difficult 10 reassemble (see
iustration). If it is necassany to dsassembbe this head, refer
fo senace bulkilin 7 - 18418 for detalled instructions.

Intake and exhaust vahves are beth of the poppet type with
hardened tips and recesses for split-taper locks, Positive type
valve rotalons ame used on the exhauwst valves of all VRS
Sevies engines and on the intake valves of VRD 155 and 232
engines 1o prevent prolonged exposure of any given area of
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CYLINDER HEAD CONSTRUCTION
[VAG 283 AND 310 MODELS OMLY)

the Tace 10 any hot spol that may have develoged on the seal,
All YR Seres engines use inlake valve stem seals, and VRD
283 and 310 engines also use exhaust valve slem seals,
Digsel engine valve slem seals consis! of a small rubber
o-fing) and are sasily installsd,

Mmmummmlmﬂﬁsmﬂﬂa
taflon insert embedded in a rubber jacket,

To install these seals, proceed as lollows:
1. Make sure valve and guide assemblles arg clean,

2. Insen valve through guide. Cover keeper grooves with
plastic cap to protect the sealing surace of the teflon
ingort,

3. Gently slide seal over plastic cap, and down untl if comes
into contact with vahwe guide. The end of the seal with the
fetaining ring must be closest 1o guide (see Mustration).

4. Clamp seal installation tool firmly around seal jusl
behind the metal retaining ring. (Linder fiekd conditions, i
the special installation 1ool is not avallable, vahe seaks
can be installed with the use of 2 scrowdrivers, positioned
o opposibe $dés of the seal, and B0 from the ring. Please
nole that this procedure is to be used only when the valve
soal installation tool is nol available, as improper soal
installation is more Baly 1o occur with this lechnique. |

5. Press seal info placs. In order 1o keep teflon inser in
place, al downward pressure should be exeded an the
metal ring, not on the rubber pan of the seal,




i the hatad has not bedn removed and the vahse seals are to
ba replaced, care must ba taken so (he vahes do nod fall into
the cyfinder when the vahae Lapers are removed, For diesel
engines, this can be accomplished by moving the piston of
ihe cylinder you are working on to TDC. The vablve will drop
only thousandths of an inch, and come to rast on the plston
surace.

Tor sacure the vabais in gasoling engines, rmoag spark plug.
Fit an air hose adapior 1o the spark plug hole, and Hill cylnder
with comprassed air. The cylinder must e kept pressurized
at all times. The air pressure will ba encugh ko keep the vakes
in closed position.

The exhaust valves of all VAG Series éngines and the intaka
vahairs af VAD 155 and 232 engines Seat on hardened seal
insars in the cyinder haads, Thesa insars are shrurk and
pressed into place. Intake and exhawst guides are pressed
inte place in tha cylindar heads and may be pulled to replaca.

Yahves and springs are retained by hardensd washers stepoed
1o canter tha springs and seating on aplit-taper locks.

Walse acluation is oblained threugh chilled and polished
mushroom type valve liters, rding directhy on the camshal,
This mation is transmetbed o rocker arms through tubwlar steal
push rods equipped with hardened sockets at each end.

The lommed sleel rocker arms pivol on a hardened hollow
steol shaft. Rocker arm bushings are nol replaceable. The
rocker arms an cunsed lo align with ihair respactive intake or
exhaus! valve lips. To ensure long wear and accurale
adjusiment they are hardaned in the vahee-tip contact anea,
Crilied openings along the shafl mate with passages in tha
rockEr arms o permil lubncation of the enting overhaad mecha-
nilzrm,

CYLINDER SLEEVES

The wel-type cylindar sleeves are cast from ron and
hardened for long waearing qualities and resistance to
digtortion, Each sleeve has a shoulder and flange at the
upper end to locate it In the crankcase upper deck and
prévent shifting and leakage when the cylinder head and
gaskel are secured abave i, This flange, and the crankcase
deck recess into which it fits, both have precision-linished
maling surfaces to form a waler seal in this area. The
cylinder sheeve progecis above the deck bo insure a tight crush
gacket jonl. Whenever slaeves are inslalled, this should ba
checked. The lower and of the sleeves |s tapered, and
immediately aboea the tager are two grooves for the rubber
seal rings. This fop groowe conlaing a black seal ring and the
battom groove a red seal fing.

The tellewing procedure should be used to measure cylinder
slaeve projeclion:

1.  ARer remowval of head, clean carbon and othar deposils
fram face of Block and sleeva projections.

2. Place metyl bar atross cenler of sledve and bolt both
ends into place using 150 i Iba. forque. This step wil
ferca the slaave into the position il nomally ocoupies whan
haad is in place.

3. Use dial indicator to measurs height of sleeve projection
above fece of block,

PISTONS

The aluminum alley pistons are heavy-duty castings. The
piston pirs are of thi ull floating type and are relained in the
piston by spring type clips. Two compression and one oil
condrol fing are utiized on all pistons except VARG and VRD
155 and 232 pistons which use three compression and one
oil condrol ring. Pistons for all VR Series engines, except VRG
and VRO 155 and 232 engines, are marked with the word
FRONT and an arrow. and mus! be installed with the amow
pointing towards the gear cover end of the engine.

CONNECTING RODS

I-saction connecting rods of the split big end type are used in
thi VA Series. The rods and caps are lorged, heat-freated,
and machined in one piece, then separated at the crank pin
end o accommadate steel backed, precision-type baarings.
Hard bronze bushings are a press fit in the piston-pin end and
arg bumished in place, then diamend bored for precise
alignmant, ing rads for all VA Seres sngings, oxcop
VARG and VRD 155 and 232 engines, are marked FRONT
and should atways be assembled with this mark fowards the
gear cover and of the engine. Model VARG and VRD 155 and
232 connecling rods are offset and must be replaced mxacthy
a8 removed, with the pin ends farther apart than the jaumal
ends for each pair of cylinders. Connecting rods are newer
benl lor alignment purposes, nelther at the tactany nor in the
fisld. Two heal-treated bolts with self-locking nuts or place
type bolts retaln the bearing caps in place. The upper and
kowar halves of connecting rod beamngs ane interchangeabla.
The crientation of the spiit line on the piston pin bushing should
be within 45% on either side of the top center of the rod,

CRANKSHAFT

The crankshalt ks precision ground from a heat-treated steel
targing. Tha crankshaft has flame-hardened main-bearing
journals which run in steel backed, alloy hearing shells.
The upper and lower halves of the main bearings are
intérchangaable excepd for those in VRG and VAD 283 and
310 engines. These are slamped “upper” and “lowaer”.
Connecting red bearings are of similar construction lor
midximaem serdceablliby,

The rear extremity of the shatt has an integral mounting flange
for the flywheel. This lange is drilled and tapped for six
fywhadl mounting bofts. One bolt hale is offset 118 inch in
order o ensgurg the inslallation of the fywheel in the proper
relaticnship 1o the crankshafl. The front extension of the
crankshalt provides a keyed mounting surface to suppor the
crankshaft drive gear and fan pulley, which are press fitted
and retaingd by & crank bolt.

MOTE

The Iellowing information relates only o
special application engines designed and
approved by the Afrow engineering
depariment.
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Special applicalion crankshafts for models VRD and VARG 283
and VAD 310 and 3105 are different from the standard
crankghall. Slandand shalta uze & woodrull key to retain tha
crankshall gear. The special application shafts use a chrome
alloy steal ball, This ball protrudes from a hobe drilled into the
nose of the crankshall, During servicing, take cang not 1o lose
the ball if removing the crankgear. The gear can be reinstalled
by resting the ball in the drilled hole, and pressing the haated
gaar inbo place.

CAMSHAFT

The camshaft is a single casting, with ground cams and
journals. Individual hardened cams actuate aach of e vahe
liftgrs. An integral worm gear drive drives the intemal oil purmg.
The forward end of the camshaft i3 drilled and reamed and
kayed lor the retention of the cam-drive gear. Thrust and end
play are absorbed by a speing baded thrust button which rides
against a thrust pad en the gear cover. Lubricating ol is
supplied to each of tha fowr journal areas. A sfeal backed
Babbitt bushing, pressed in the main crankcase, supports 1he
camshafl a1 the frant joumal of YRGE and VAD 155, 232, and
the VRG2E65 engines, and at all four journals of all athar VR
FROTECTION OF ENGINE AND PARTS

Ciuring all repalr and replaceémant procedures, cans should be
exercised lo preveni damage I pars in handling, AN
machinged sudaces should be protected and kepl separabe
from oiher paris, Parls thatl are easily damaged require
particular care o prevent bending, denting, or bréakage. Al
parts should be coverad to protéct them from dit, This
will also speed reassembly by reducing clean-up time al
assambly.

When pans are removed, openings into the engine or liquid
or air systems should be covered 1o prevent dift or other
fargign matter from anledng the engine or the system invelved.

CLEANING AND INSPECTION OF ENGINE PARTS

Inspeclion of parts and assemblies can frequently be
performed without removal or complete disassembly,

Judgemant should be exercisad to avoid disassembly beyond
that necessary 1o corract the faull and put the part or

assembly in serviceabla condition,

The following paragraphs describe cleaning procedures and,
whare applizable, name cleaning materials 10 be used M
availabla. The dilerent metals used in the engine and
comgondnts require different techniques and malerals, 5o a
generalization of cleaning mathods cannst readily be suppled.

Carbon Remowval

Carban must be removed during maintenance operations from
valvas, pistons, and cylindar head,

Carbon can be removed from the hardensd surfaces by
soltening the camon wilh 4 suitable carbon remowar, Mevar
scrapa parts with a metallic Scrapor.
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Soften the carbon by soaking the parts in a carbon remaving
compound. Rinse in kerosene or hol water and remove
softaned carbon with a rag or solt beush,

Castings

Clean inner and ouler surfaces of caslings and all areas
subject to of and groase with cleaning sohan,

Remowve sludge and gum deposilts with a st brush,

Blow out all tapped holes with compressed air and dry
castings thoroughly, aftér cleaning, with compressed air,

Qil passages

Clean passages with wire brushes or probes to break up any
sludge ar gum deposils.

Wash passages by fllushing with cleaning solvent and dry
thoroughly with compressed air,

AT

Do not wse any matesial thal will leave lint
or other foreign paricies when cleaning lube
oll passages. Clogging or interference in
passages may be caused by any fongign
material. Such material would ba worked
into the bearings upon operating the engina.

il Sealz and Hosés

Clean seals and hoses with scap and water. Do not allaw
cheaning salvent fo contact seals and hosas,

Ball and Roller Bearings

CCAUTION =
Dva not spin bearings with air,

Anﬁarrinliunb&aﬁ'g:hwummunmdlng. As s00n
as @ bearing ls removed, cover if 1¢ keap oul dift and
abrasives. Wash bearings in kerosena and inspect races and
balls or rollers, Discard bearings if they are piled, sconed, ar
bumned. Il bearing is sorviceable, coat it with kght od and wrap
it in clean paper. Do not unwrap bearings until ready for
installing.

Always use proper tool or fidure tor pulling or pressing out
bearings. Normally, it is unnecessary 1o remove bearings
uriess replacement ks required,

Whan installing bearing against shoulder on shall, be sure
chamfered side is loward shoulder. When bearing is to be
pressed in, lubricate mating surfaces pricr to assembly,

Qil Seals

il seals should not ba removed unless they are to ba
replaced due to damage or wear. If it becomes necessary 1o




cul thrgugh Seal 19 remove 1, care must be laken not to
damage sealing area around i,

Evidance of lubsicant leakage around shaft or bearing is
usually a skgn of oll seal failwe.

il seals that leak or are wom 1o a point whare they may
bangin 1o leak must be replaced, An ol leak comacted in lima
will pravient overfealod Bearings résulling from loss of
lubsicanl. Mever use oil geals a second time; once removed,
they must be discarded.

Whan possibbe, soak new rawhide seals inoll (120° - 125" F)
for on-half hour befora installing, Install seal with wiping edge
turngd i direction recommended (bowards anca to ba saalad).
Ba careful nat to cut beathar seal as il it instalad or when
installing a shafl through the seal. Use shim stock if
necessary to protect seal from shoulders or sharp edges
during installation. Packing-type seals should always ba
reerrveisd if contacting pan is removed. Lubricant must be
apphed to lip of all shall-type rubber seals befon instalation,
Thiz will prevent damage 1o seal during knitlal nunning until ol
baing sealad has contacted sealing face.

Attaching Parls

Use scraws of comact length, A scraw which ks too long may
‘boflom” before head is lighl againsl par it is 1o hold. In
addition, threads may be damaged when screw is removed.
I & screw is too short. Thare will not be encwgh threads o
hold parts securaly,

In addition 1o size variations, attaching pans may vary in
malerial and heat reatment. Do not mix attaching pans.

Lock washers, cotter ping, of other locks should be used o
lock aach nul and cap screw when speacified,

Gears

Always use lools mecommended (or equivalent) for removal
and installation. Gears must be carefully inspacted for
damaged or wom teath. Always align keyway lo goear with
keyway in shalt before installing. Lubricate mating surfaces
ol gear and shall when pressing gear on shaft

If crankshaft gear removal is necessary, use an appropriate
hisiny duty pullar 1o rémove it. Never apply heal o remowve
gear as this may damage crankshalt, Befora installing new
crankshaft gear, heat it v an oven of olhér even scurce of
heat to maximum of 200° F. to faci@ate installation. Do not
wege tarch bo heal goar,

Use ashbastcos gloves whan handling & hot gear.

Cuickly place heated gear on crankshalt and hald it securely
in place untdl gear cools and contracts om crankshalt. Gear
may be carelully tapped info place with soft tace hammear ar
driving tool il slght cocking or binding causes R to stick.

Shims

Ba sure to remove all shims whive used. Keep shims logether
and identify them as to kocabion, Keep shims clean and flat
until they are reinstalied,

Gaskels

Inslall gaskals where required and use new one whenever
poscible. Mever use cork or fell gaskels a sscond fime. Ba
sure hales in gaskels correspond with lubricant passages in
maling pars. It is necessany to fabricate gaskels, salact stock
of proper type and thickness and ba sura bo cut sufficient halss
in the right places. Blank o incorrecily installed gaskels can
ciuse sanous damage.

Bushings

Do not remove bughings unless inspection reveals damage
or wear thal exceeds specified clearance or i bushing Iz loose
in its mating bora, Bushings should be pressed out whenever
[possitde. When prassing or driving (in or oul) apply pressure
directly in lne with bone, If Bushing must ba driven, use diver
of largest possible diarmeler of bar with a smooth, flat end,
Mevar drive bushings with a hammer, If bushing has an ol
hola, Be sung to ling up hole in bushing with il hole in part in
which it ls assambled.

NOTE

Sendce cam bushings should be Installed
when cam bushings need replacing.
Service cam bushings are manulactured
with diffisngions 1o allow for proper bearing
clearance and alignment without line
rea ming.

Shafts

Il & shatt offers unexpected resistance 1o removal, check
carafully to see that all nuts, keys and cap screws have been
removed before using lorce, Also chock to ses I anather pan
is interlering which must be removed first. Clean rust
preventive compound from all machined surfaces of new pars
belore instaling. Shats fitted to other parts with tapers should
fit wery tight. If they are ned tight when disassembled, inspect
lapers and discard part if worn. Belons assembling shafis with
tapers ba sure lapars are clean, dry and free from burrs, Prass
mating pafs togethar lighthy,

Flexible Hose Lines

Fitlings should be installed by threading the swivel niuts on by
hand untd they ane finger tight. Hold th sacket, on the hasa
behind the nut, with one wrench and tighten the swivel nut
sacuraly with anather wrench. This method prevents twisting
the hose and does not exert any sirain on the hose. Cormect
installation prevents breaking of the hoso plies or damaging
the hose 5o thal it may become separated or broken and leak
wndar prassure,
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REPAIRING DAMAGED THREADS

Damaged threads should be repaired by use of thread
restonsr ar by chasing in lathe. Indemal threacds should be
repaired using a tap of comect size, If threads cannot be
salisfaciorily repaired, install Hell-Coll or other standard

inser of replace part,

REPAIR OF DAMAGED MACHINED
AND POLISHED SURFACES

Smooth rough spols, scores, burrs, galling, and gouges from

damaged machined and polished surlaces o that pan will

efficiantly pérform its normal function. Finish of repaired part

is o approximate that of criginal finish. In performing any of
these operations, crfical dimensions must nol be altered,

REMOVAL OF RUST OR CORROSION

Femove corosion from all parts of material, To remiove nust

OF cOMDaion, use briss wire brush, abrasive clolh, sand blast,
vapor blast equipment, or rust remover excep! on highly
polished surfaces. On these surlaces, buffing or use of
crocus eloth is recommendad.

INSTALLATION OF PISTONS AND RINGS

The type of oil ring used in VR Seres diesel engines {mecept
VRD 155 and 232 models) must be installed with the spring

towards the top of tha piston as illustrated.

On gas engines, two oil ring radls are separaled by an o ring
rail spacer. The ends of the spacer are butled against sach
ethar with the upper and lower rall gaps staggered 120° and
1407 respactively from the spacer gap.

TOP
o o
]

Ring should be installed
with spring towards 1op

LB

Ring must be installed
with spring towards top

of piston, of piston and interrupted
surface of ring towards
(VRD 283) battom of piston.

(VRD 310)

PROPER INSTALLATION OF OFFSET
SPRING OIL RING
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Do not expand rings more than is
necassary o slip over the piston.
Cwvar-axpansion o rings cavses siress and
may lead to early failure. Ring gaps shoukd
be staggered 180" to preven! blowby
during initial starting. Rings must be
thoroughly lubricated with engine oil
bafore baing installed in cylinder sleave.

Compression rings of VA Series engines which are notched
on the innar edge must be installed with the noich lowarnds
ihe top of the piston. Compressien rings of VR Series
engines which are nolched on the outer edge must be
installed with the notch lowards the bottom of the piston.

All VR Series enging pistons (except VRG and VRD 155 and
232) are marked with an arrow and the word FRONT. and the
pistons must ba installed with the amow pointing lowards the
Iront of the angine.

OIL PUMP INSTALLATION
(GASOLINE ENGINES)

When the oil pump of VR Serles gasoline engines is removed,
it must be re-installed so the ignition drive keyway is
positioned as illusiraled, with the number one piston on
compression stroke and the timing mark aligned

WATER PUMP SEAL INSTALLATION

When instaling a new waler pump seal, carefully wipe the
caron sealing surface and the mating ceramic sudace with
a sof cloth of absorbent paper to remove all races of wia,
grease. or oll. Use a small amount of solvent if necessary. To
provide bor initial lubrication of the seal, apply either a 1%
soluble oil and water solution or ethylene glycsl type
aniifreeze 1o both sealing faces.

LT EFFLET
TOWARDS EMGINE
(EXACCERATED)

DISTRIBUTOR AND MAGNETO DRIVE HEYWAY
IN OIL PUMP GEAR




WATER PUMP PULLEY INSTALLATION

Belore replacing the water pump pulley, carefully check al

joining surfaces. Tha pulley is held on by an interference fit. H
the jeining sufaces are mamad, scored or tapered, the pulley
will net seal lighily, If the surlaces are in questionable
condition, of if there is amy doubt the pulloy will seat tightly,
Loctite bearing mount should be used 1o secure the pulley.

OIL PAN REMOVAL AND REPLACEMENT

The il pans used on VR Seres engines are held at the rear
flange by two long, special bolts extending dowmward through
the fiywheel housing. This is necessarny in order to provide
adequate gaskel prassung in this area and ai the same tima
avoid placing the oil pan bolls in an inaccessible position
These long cap screws must be removed batore removing
tha ol pam,

On rednstalling these cap scniws it will be fownd that the heads
o not seal on the hywhesl housing. Thes s done 0 insure full
prassura at the pan gasket. Attempting to seal the heads
against the fywhaed housing will stip the threads at the o
pan o rear oil gaal joink,
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OiL FAMN BOLT INSTALLATION
RAUBBER VIBRATIOMN DAMPER REPLACEMENT

The rubber vibraton damgens used on standard VRD310 and
105 engines have radially aligned center punches on the
infer and outer mambears. When the angulsr dplacement
batwean these marks equals or excaads 1/4 inch, the damper
has exceaded its uselul lite and should be replaced.
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DETERMINING RUBBER VIBRATION
DAMPER REPLACEMENT

To replace the rubber vibration damper, use the following
procadura;

1. Remove cap screw securing crankshaft pulley to the
crankshal.

2. Using a pulling device remowe crankshai pulley from the
crankshafi.

3. Remowe four screws socuring vibration damper to (he
crankshafl pulley. The two (2] dowsls should remain i
the crankshalt pulley.

4. Install new vibration damper on pulley and tighlen bolts
10 27 - 29 loot pounds (3.7 - 4.0 kgm).

5. Inslall pulley-damper assembly on the crankshalt and
tighten crank boll to 229 - 238 fool pounds (31.7 - 329
kgm).

VISCOUS VIBRATION DAMPER

Yiscous vibration damgers are used on model VRD and VRG
283 and VRD 310 and 3105 Special Application Engines. The
basic construction consists of a fiywheol member floating in a
silicong fuid and sumounded by a lighter cuter shiekd. The
clearance batween the inner member and the shield is very
small and any dent deeper than 1/32° will destroy the damper
for lurther usa.

To replace the viscous vibration damper, use the following
procedura:

1. Remove six ferry head capscrews securing adaptar 1o
the crankshah,
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2. Remove the pulley, adapter, damper assambly irem
the crankshall (no puller needed), and remove six
hex head capscrews securing the vibration damper to
the crankshal paliey.

4. Install new vibration damger on pulley and ighten tha six
hex head capscrews to 23 - 24 11, s,

4. Inslall pulley, adapler, damper assembly en the
crankshalt and tighten the six ferry head capscrews to
36 - 38 . bs.

CHECKING VISCOUS VIBRATION
DAMPER RUNOUT

The permissible radial and face runout of the vibration
damper 15 011 inches T.1.A. By keaping runout within limits,
considerable engine vibration can be efiminated, thus lirmiling
the possibility of serous vibration damage to the engine.
Vibration damper runout is checked at the faclory during
aggembly, but when replacing a damgper, the runoul should
be checked after mounting,

Position the damper with the mounting bolts and tighten bolts
evenhy 1o the specified torque. Now check the lace unout of
the replacement dampar,

Mount the base of a dial indicator on the front of the
crankcase and place the indicator butlon on the face of the
dampsr at the outside edge. Then, by barming the engine ower,
it is possible 1o observe the indicator reading. NOTE that the
permissible runcut ks the TOTAL indicator reading.

To avoid infroducing crankshalt end play into this reading, the
crankshall mus! be forced either rearward or forward (bt
always in 1he same direction) against the thrust baaring at
aach point of reading.

Should the damper face nunout be axcessiwe, shitt the damper
S0 degress on the crankshafl and Iry again, If this does nat
raduce the runout sulficiently, remave the damper and check
the crankshafl and pulley mounting surfaces. It may be
nicassany o mount the damger in a lather and check the
damper ilsed.
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A lrus runining damper doas nod indicale the
quality of the damper. The quality can only
be determined by test. The viscous damper,
manufactured by ldex Corp. (formarly
Houdaille Industries, Inc. can be retumed
1o their factory for lesling. Howewer, they
can only debermine thal the damper is good
at the time of test and cannol assure
poszibde service life. There is a service
charge for the test. Arrow Specialty
Company recommends that a viscous
damper be replaced at major overhaul
parads.

REPLACING COOLING FAN

The VR Series engines are availabla with either a "pusher” or
“suction” cooling fan, Special atlention must ba given o the
fan blade spacer. Refer to your VA parts book for correct parts
numbers.

INSTALLATION OF NEW VALVE LIFTERS
ALONG WITH NEW CAMSHAFT

When a new camshalt is installed o replace a failed or
axcassively worm camshal, an entire g8t of new vahae litams
must also be installed. The new camishakt will not be coverad
by warranty wnless new lifters are also installed. Wear
palterng on the old lifters and'or damaged old fters can
resull in early failure of the new camehall whon new (875 aro
not installed.

TURBOCHARGER
OVERHAUL INSTRUCTIONS (MODEL VRAD310S)

1. Clean the exierior of the lurbocharger with cleaning
solvant 1o remove accumulaled surface matier belore
disassembly.

2. Mark related positions ol the compressor housing,
center housing and turbine housing with a punch or seribe
prior 1o disassembly to assure reassembly in tha same
relalive position.

3. Aemove compressor housing by bending down lock tabs,
ihern removing lock tabs, clamps and cap Scrows.

Exercisa carg in removal so that no damage occurs 1o
the compressor whesl blades.

4. Bend down ends of turbine bolt lockplates and remave
lockplates, clamps and cap screws., Tap housing with lead
of brass harmmer il forca s needad for removal,

% Clamp a suitable socked or box end wiench in a vise and
placeé dxtended hub en shafi in the seckel or wrench,
Haold the center housing upright and remave the shaft
locknut with a double universal socke! wrench,

It desired the halding fidure as depicted may be used.




ID 375" DIA. HOLE 8. Bond down ends of lock 1abs and remove backplale

11 HOLES EQUAL =
SPACED rataining bolls.

9. Tap backplate lightly for removal from cenier housing
LSS,

10. Remove and dizcard the squase seal ring.

11. Lt the thrust collar and thrust washear off the center
housing retaining pins. Discard this thrust washer.

12. Remove and discard thrust collar piston ring.

13. Remove bearing retainers and bearings from center
| housing and discand
_— 292"

MATERIAL: HARD WOOD OR ALUMINUM Cleaning
BAR STOCK

Before cleaning, inspect all parts for signs of buming and

rebbing or other damage which may not be evident aMer
1" DEEF cleaning.
172 THICK - BASE CAM BE BOLTED OR Clean all parts In a non-caustic cleaning solutien, Use a bristle
ATTACHED WITH SCREWS brush, a plastic blade scraper and dry compressed air 10
remove sudace accumulation. Completely remove all surface
SHAFT WHEEL HOLDNNG FIXTURE matier. Do notl use abrasive cleaning method which might

destroy or damage machingd sudaces. Espacially chiack canter
housing cavity and ramove all carbonized oil,

Reassamishy

1. Install inboard beanng retainers in conter housing with
rounded shouldoer facing the bearing.

2. Insen bearings and secure outboard bearing relainers
alzo with reunded shouldars facing Bearings.

<. Install plston ring in groove on turbine shaft whesl,

4. Place shroud over the shafl and guide the shalt through
the bearings. A genile rocking action will allow the piston
ring 1o seal and the shaft (o bottom. Do not force the
piston mng since it i5 easily broken,
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5. Install piston Ang In gresve on thrust collar,

6. Flace thrust washer on thrust collar and engage over pins
on center hougng. Channeled lace of thrust washaer faces
against the canter housing.

7. Install seal ring in groowe in canler housing,

SHAFT WHEEL ASSY N FIXTURE B. Ensure that thrust spring is installed in backplate. Align
mounting holes of center housing and backplate and
install ower shaft and thrust collar. Use care not to break

Lilt the compressor wheal off the shaft and remove the the piston ring when engaging inlo seal bore. Backplale
shaft wheel azsembly from tha center housing. The wheal is easily installed # open end position of plston ring i
shroud which is nol retained will fall free when the shal engagad in bors first.

wheel is remowed.

8. Install cap screws and lockplates. Torgue fo 90 - 75 in.
Remove and discard the furbing seal piston ring. ks, and secura lockplates.
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11.

12,

13

Place turbing wheel upaghi in fixture, sockel or box end
wrench and install compresser aver shafl. Tighten
locknut with double universal sockel wranch o 18 - 20
in. Ibs. Continwe to tighten throwgh an angle of 90°. This
is sufficient to stretch shall the required 0085 1o 0055
inchas for proper nut attachment,

Crignll turbing housing to center housing and Insiall bolts,
clamps and lockplates. Torgue 1o 130 - 110 in, Ibs,
Sacura lockplales. M is advisable o coat bolt threads with
FEL-PRO or similar high femperaturs compound bafore
instaling. Torque slalnless steal bolts to 140 - 170 in
bz,

Install compressor housing, boliz, clamps and lockplates;
torgque bolts to 130 - 110 in. s, and secure lockplales,

After reassembly check unit for binding. If unit is to be
slored lubricale inmernally and install protective coverings

on openings.

SPECIAL APPLICATION CRANKSHAFTS

STANDARD
PRODUCTION
CRANKSHAFT

SPECIAL \
APPLICATION
CRANKSHAFT
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NOTE

The following information relates only to
special application engines designed and
approved by the Ammow engineering depart-
man.

Special application crankshatts for models VAD and VARG 283
and VRD 310 and 3105 are different from the standard cranks
shaft. Standard shafts use a woodrufl key to retain the crank-
shaft gear. The special application shafts use a chrome alloy
steal ball. This ball profrudies from a hole dilled info the noss
of the crankshall. During servicing, 1ake care nod to lose the
ball if remaving the crankgear. The gear can be reinstalled ba
resting the ball in the drilled hole, and pressing the heated
gear into place,
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INSPECTION

Observe the lollowing lable of limits 1o delerming

parts replacemen,
TABLE OF SERVICE LIMITS
Manulaciuring Service
Homenclature Minimum Maximum Maximum Moles
Canter Housing Bore suraces msul be free of scores.
Bare 1.0, B220 5223 B228 Scrape carbonized ofl from inbemmal
Seal Bora 1D, (Standard) 595 S0 03 surfaces il present,
Seal Bore 1.0. {Steppad) .T09 TN T3
Turbing Shaft Whaal Journal sudaces musi nel be scorad.
Jawmal 0.0, 3687 4000 ol o] Polish surfaces with crocus choth,
Seal Hub 0.0, i .83 881
Buck Plate Thrust surface must bé tlean and emooth,
Seal Bora 1D, ATE5 3005 5010
Thrust Coflar Ring groove shouldars must be free of stop
Washer Groove Width AT740 AT48 ATs2 weoar. Threst laces must ba smicoth.
Ring Grasve Width 064 085 D66
Thrust Washer Recommended 100% replacement at
owarhaul,
Thickness AT6E AT20
anng Recommended 100% replacemant amtime
0. G182 G187 - undl is dizassembled,
3, A0 Ad14 -
sor Wheel Replace il any evidence of rubbing, erosion
2498 2501 2504 or nicks motad.
walt Wheel Hing groove shoulders must be free of step
via Widith DE45 J06ES 0735 wear.
of Housing Replace & heavily damaged by wheel ks,
Clean up of light nub iz permissible,
susing Peplace i discharge cpéning wanped oul of
round, shows erosion, cracks, o heavy
whiesl.
heal Blades Slight arosion permissible, Blade tips must
nat b leather edged or lom, Minimum tip
thickmess 0,025 in.
Turkine Whea! Shrowd Raplace il wanped, ercded, or heavily

rubbed.

* Bacause of the high speeds and inlemal stresses to which the compressor wheel is subject, 1he presence of micks, GoUQes
or other surface impedection i3 cause for rejection of this part. Zyglo inspection s recommeanded,




METRIC CONVERSION FORMULAS

In arder 1o comvert the data in this manual into metric values, use the following conversion
formulas. Examples of applying aach conversion formula are included

Less Than Ona (1) Inch 1o Milmebers
254 & Fraclion in Decimal
Exampde: 15M8" = 9375 x 25.4 = 23 8125 mm

More Than Ona (1) Inch 1o Millirmelars
254 x Inches and Decimal Fraction
Example; 2-5/8° = 2.625 x 25.4 = 65,675

Cubic Inches 1o Liters
01638 x Cubdc Inches
Example; 5388 Cubic Inches = 9388 x 01628 = 1538 Liters

Cuncas o Grams
28,35 x Cwnces
Example: 21 Qunces = 21 x 2A.35 = 595,35 grams

Pounds o Kilograms
4538 x Lbs,
Exampla: 22 550 x 4536 = 10,228Kg

Imch Pounds io Newton-meters
Inch Lb. x 112598
Exampla: 380 In. Lb. = 360 x 11298 = 40,67 N-m

Fool Pounds to Newlon-maters
Fool L. x 13558
Exarmpla: 145 FL. Lb, = 145 = 1.3558 = 196,68 M-m
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FEl o KOG per Sq, Centimater
P51 x 0703
Exampla: 45 PSI = 45 x 0703 = 3,16 KG per Sg. Cantimaber

Cunces (fluld) 1o Cubée Cenimalars
2957 x Cunces
Example: 8 Qunces = 8 x 28.57 = 236 56 cc

Gallons 1o Liters
Gallons x 3, 7R3
Examplea: 148 Gal, = 148 x 3. TESY = SA0 Laers

Degras Fahrenhait to Degrees Cenligrada
Degrass Fakfenbel -32 x 59
Example: 212°F, » 212 -32 x 59 = 180 x 59 = 100°C,




GENERAL TORQGUE RECOMMENDATIONS

The values specilied below are 1o be used anly in the absence of specified lorquing instructions and are not 1o be construad as
authority to change axisting tongue values, A tolerance of = 3% ks permissible on these values, which ara Tor ciled threads.

HEAT TREATED MATERIAL SAE GRADE 5 & GRADE B
NOTE: INCREASE WALUES 1/3 FOR DRY THREADS
GRADE 5 GRADE 8
i3 radial dashes on bolt or (6 radial dashes on boll or
cap schew hand) cap screw head)
THREAD SIZE U.5. Pounds - Feet Metric Kgm LLS. Pounds - Feal Metric Kgm
1/4-20 B 0.8 -] iz
17428 T 04 7 1.5
5M16-18 13 .8 18 2.5
5M16-24 8 2.1 21 2.8
A8-16 24 a3 34 4.7
B-24 27 a7 28 53
TG4 38 5.3 54 75
THGE-20 42 =8 60 BT
1/2-13 £8 7.9 a2 11,3
1220 65 8.8 a0 12,4
612 B4 1,7 120 18,8
9/18-18 83 12,8 132 18,3
881 15 15,7 165 224
58-18 130 17.8 185 25,6
=10 205 28.4 280 40,1
Aa-16 230 41,8 S20 4d. 3
Fig-a ans 422 455 62,9
Ti8-14 335 46,3 B15 2
1-8 455 62,9 695 0E, 1
1-14 510 0.5 785 108,56
1-1/8-F E10 B4.4 a0 1369
121812 BES 4.7 M0 153.5
1=-1/4-7 BB&O 118,89 1400 193,68
1-1/4-12 RES 1321 1550 214.4
1-3/8-8 1130 1563 1830 2531
1-38-12 1280 1784 2085 288.4
1-1/2-8 1500 2075 2430 338.1
1-1/2-12 1680 2337 2730 2775
1-304-5 2370 3278 aa1a 5268
2da1i2 3550 480.9 ETED ToE.6




TORQUE RECOMMEMNDATIONS
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Cylinder heads should always be torqued in the proper sequence as illustrated. The first time through
the torque sequence wee 25 pereand of the tokal torgue walue each :-'u.r-.'ﬂﬂmg_ L e I]Lr:lilgli il tofgue
gequence increase the torque satting I"-'!r' 25 percent of total torgue valwe until final Lirgque 13 resched,
In order to be sure of proper torgque, the twmue sequencs should again be :'Ep-ul-u] with the Loggue
wrench st to the total torque value. Remember to retorque all replaced cylinder heads alter lirst start
and after approximately 50 hours of eperation with engine warm,

VA GAS AND GASOLINE TORQUE VALUES - FOOT POUNDS (Kgm)

YRG 155 VRG232 VRG2ES WRG283 and 310
Cylindar Head Cap 12 - 117 112 - 17y 112 - 117 129 - 133
Screw (Solid) 15,5 - 16,2 15.5 - 162 15,5 - 16,2 179- 185
Cylinder Head Cap 86 - 100 92 - 100 o6 - 100 129 - 133
Screw (Drillad) 13,3 - 13,8 12.7 - 138 133 - 13,8 17,9 - 18,5
Main Bearings - 82 [T 108 - 112 1289 - 133

121 - 127 121-12.7 15,0 - 156 179 - 18,5
Connecting Mods 31 - 35 (Esna) 31 - 45 (Esna) 31 - 35 (Esna) [T

43-48 43-48 43-48

44 - 45 (Marsden) | 44 - 4G (Marsden) | 44 - 46 (Marsden) | 44 - 45 (Bol)

6.1-63 61-63 6.1-63 81-83
Fhywheel 67 - 69 67 - 69 &7 . 69 67 - 69

92-95 9.2-95 92-95 82-95
Crank Bolt 75- 85 75 - B5 75 - BS 75 - B5°

10.4 - 118 10,4 - 11,8 104 - 118 104 - 11,8
Spark Fiug 32 - 38 (Dry) 32 - 38 (Dry) 26 - 30 (Ory) 26 - 30 (Dry]

dd - 5.3 4.4 -53 36-42 36 -42

24 - 28 (O 24 - 28 (Oil) 20 - 23 (Ol) 20 - 23 (oN)

3d-3.9 J4-38 27-32 27-32

-
Z
of Wi
£
i
oo
LU
(-4

e 1



VR DIESEL TORQUE YALUES - FOOT POUNDS (Kgm)

YAD155 VRD232 VRD283 VRDI1I105
Cylinder Head 112 = 17 [ solid) 1z- 17 125 - 133 210 {Center 10}
15,5 - 162 155 - 18,2 174-184 29,1
86 - 100 (Holkow) 133 (End 4)
133-138 8.5
Main Bearings B8 -32 BB - 52 1259 - 133 125 -133
121127 121-12.7 178 - 18,4 17,9 - 18,4
Connecting Rods 31 - 35 (Ezna) 31 - 35 (Esna) MA WA,
43-48 43-4A8
44 « 45 (Marsden) dd - 48 (Marsdan) | 44 - 45 {Bolt) 44 - 46 (Balt)
B,1 -83 6.1-83 6.1 - 83 B,1-63
Fhyahel &7 - 69 &7 - 68 67 - 69 &7 - 69
82-85 82-85 82-95 82-95
Crank Eol 75-85 75- 85 75-85" 229 - 238*
10,4 - 11,8 10m4-118 104 - 11,8 3,7-329
Fusl Injactor 12-17 12 - 17 10-11 i0- 11
1,7-24 1,7-24 14-15 14-15
Energy Col 86 - 100 86 - 100 hIA BA
136 -13.8 133 - 13,8
Injection Pump 35 - 40 a5 - 40 35 - 40 35-40
Lock Mut 48-55 48-55 48-55 48-55
Vibration Damper [ MiA MAA” 27 . PO
3,7-40

92—

MOTE: ALL TORQUE VALUES ARE BASED ON OILED THREADS UMLESS SPECIFIED AS DAY,

* Bpecial Application Engines (Models VAG and VRD 283 and VADI105) use a viscous vibration damper wilh tongue of
22-24 fool-pounds (3,0-3,3 kgm) and crank pulley screws torqua of 35-38 foot-pounds (5,0-5,2 kgm).




BASIC ENGINE DATA

WRG 155 VARG 212 WG 2Es WG 283 Vil5310
YRO 155 VROZ3E VAD 283 WD 3105105
Mumbar of Cysnoders & B & [ F
Compression Falio B0 [aas) B.31:1 [Gag) B 51 |Cas) A.5:1 {Gas) A5 (Ra)
18 51 [Dinsal 18501 [Drapgaal) 16.T,1 {Diasan) 1. T: 1 (Dessad)
Flring Oinchesr 1-2-4-3 153820 i -5-3-5-2-4 | o e il 3 o 1-5-3-5-T-d
it il ] 4 4 T ¥
Kain Barings
Ergins Langth 38 147" B0D, 1 v 42 10 WFAE e &l T T.E mim 44" 11178 rmin &4 11178 mm
Ergirs Widfth 1T =1 20 10" 20 - e 20 = g 20 - 14
&44 5 314 mem &14 mm 514 mm 514 mram
Engirs Hiigri -1 HER L 25" w =5
5481 mm 852 mm F0 mm GS0 mm 220 mm
Cramkrati LT -] Fope i0gts. 10 s, 10 iia
Capacty (Mchaling 57 Mes 6.5 Fms 0.5 Rrad 9.5 Wres 5 5 Eres
=]
Cylrchpd 170 - 156 pa 170 « 195 psl 1885 - 33 psl 185 = 205 pai 185 - 205 psl
Compression (Gas) A et [Gas) {ims) [Gnsg)
1188187 19,85- 137 130-14.4 130044 130~ 14,4
ko kgiprr? ket g kglcma
al
200 - 240 py 2040 - 240 sl Hik 0 - B0 nsl 240 - 360 pai
Cranking Speed | Dhasal) i Dl | Dhasgad) [Chased)
14,1180 14,1 1689 F9-283 20-383
kgiomd kgiom? Rgsorre kpiom®
Dhgtribwricsr Poind Gag Fi- L 323" - st 023 - 028" 0 - 026" oo o,
[Haity-fmaps 053 - 0 5R mem 0,58 - 0,68 mm 058 - QUEG mm 0,58 - (0,66 men 0,58 - 0,68 e
Wiy 188 (Do Ramy)
[Maliang MrA Agpren. 22 Appoed Apne 02 Apprcs 0o
0,56 mm 058 mm 0,55 mm 0,58 mm
Dhtribatcs Davnadi E - bl e 33" - 38° 33 - 2@ -
Angle (Hoty-
EncEpd WAL 155] [Deebo-Faagh
[Malion WA az* - 3 - 32 - 35" 3z . 38"
Aagnasio Posnt N 214 - Q16" I ] 4. 018 4" - Gig*
[T ] 0,38 - D40 mmi 08,38 - 040 mm 0,38 » O 40 i 035 = 0,40 mim
Brpechion Pump FETDC o AT 4" BTDC & BTDC 4* BTDG
Timing vl 30
1= ATDG
(R 3105)
Vs Clearance o1 - a3 i e i e - 02" 1% - oy ot - 2t
Codd (nkakgh |CRas) 0,88 - 0,53 [Bas) 048 - 053
024 - 02X mm 078 - 0.E3 mm 048 - 0,53 mm 0T« 03" J028° - 031"
[CHaRal] 0,74 - 079 (Dol 5,74 - 0,70
Wiahed Cbpmarancs 015" - 0EN° 19" - 021" i o ) == e s ] g - 31
ol (Exharust) {kaat) 0,74 - 0,79 [Gus) 074 - 078
048 - 053 mm Q48 - 043 mm 0,74 = 0,79 mem o9 - ot aea® - ot
|DHesal) 0,74 - 0.7 (Demsel) 0,74 « 0, 7%
Injocior Mozzies 107E pad (Marw) 1973 ped (Mlew) WA, D00 pad (Phew) 200 psl (Newd
FadanLs Prasirs 138 8 kg par 138 B kg par 2249 g ot 2248 lag pae
5O} DENTITHINST e g e G emater 5. Shrdicrebar
1800 psd 1800 pai MR 200 pa 3000 el
| Siarvi) [Fiervica) |Gy [Sardca)
124 % g par 125 5 kg par 2109 gy pbr 210.9 kg pa
). CEnTAmEieT 5, erlimeteT g gl B Enntimebar

HOTE: Asstional Basc Engine Dala iy kocaied in front of manual
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FITS AND CLEARANCES

ILLUSTRATIONS FOUND IN THIS SECTION ARE FOR THE LOCATION OF MEASUREMENTS ONLY.
THEY ARE NOT INTENDED TO BE ACCURATE REPRESENTATIONS OF THE PARTS INVOLVED.
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TYPICAL CYLINDER SLEEVE TYPICAL SECTION THROUGH CRANKCASE
VREG FITS AND CLEARAMNCES
YRG 155 VRG 222 VRG P85 YRG 2835310
CYLINDER SLEEVES
{A' Hoeat Dam === 0| ssess = T e— 30 - 034
Projeclion 0,782 -
(B} Flange Height 251 - 252 251 - 252 251 - 252 2251 . 282
6375 - g, 6,375 - 6,400 6375 - ,ﬂ:_ln 6,375 - 8,400
tl.'::l Slaava Projaction Rii ) 001 = 00 L - L01 - 00
Above Crankcase 0 02'5 ﬂ_im 0,025 - 0,101 0025 - ﬂ 101 0,025 - 0,101
D) Flange Diamelar 4.3100 - 4.3085 43100 - 4.3085 4.5600 - 4.5505 45600 - 45585
109,474 - 109,423 109,474 - 109,423 | 115824 - 115,773 | 115824 - 115,773
(E} Sleava [ramatar W 4. 3732 4-1152° 4= 11732°
Balow Flange 104 mm 104 riwm 110 mem 110 _mm
[ (F] Sieeve Longih Less 7-116 7-11E 7-516 7-7ME"
Heat Dam 178 mm 178 mem 186 mm 189 mm
(G} Sleeve Bore Diarmstler| 36253 - 36257 JB253 - JE257 4.7503 - 37507 J.8753 - 3BT5T
i"B" size only) 92,082 - 92,082 92,082 . 592,002 85,257 - 95,267 BB 432 - 58 442
(H) Sleeve Ciameter 4.0290 - 40275 4.0200 - 4.0275 4.2790 - 42775 | 42800 - 42786 |
Lower Seal Area 102,336 - 102.258 102,336 - 102,298 | 108,686 - 108,648 | 108,712 - 108,673
Sleave Bore Maximun]| 002 00z ; 00z
Oul-of-Round 0,050 mm 0,350 mm 0,050 mm 0.050 mm
Sleave Bore Maxmum 002 v 02" Jooz*
f 0,050 mm 0,050 mm 0,050 mm 0,050 mm
Sleeve Saal Area lo 0045 - 002" J045 - 002 0045 - 002" JD03S - 001"
Crankcase Clearance | 0,114 - 0,050 mm 0114 - 0050 mm | 0,114 - 0,050 mm 0,088 - 0,025 mm
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YAD FITS AND CLEARANCES

-
4
o LU
o =
EU
i)
- %
L
-4

VRD 155232 WRD 283 VADS10 YAD3S
CYLINDER SLEEVE
(A Hasl Dewm 030 - 004 030 - O SO0 - 004
Projaction 0,762 - 0. BE3 0,762 - 0,683 0,762 - 0,683
[B) Flangs Height 281 . 3653 251 252 251 - 252 251 - 252
637TS - 6,400 6,375 - 8 400 B375 - G 400 E3TS5- B A0
{C) Slaess Projection 00 = 0 00 - 004 SO0 - 00 D01 - 004
Ao Crankcins 0025 - 0,101 0,025 - 0,101 0,025 - 0,101 0,025 - 0,101
(D} Flangs Diarmater 4.3100 - £,3085 4 S5O0 - 4. 5585 i S0 - 4, 5505 4 BRI - 4, 5585
108474 - 108,423 115824 - 118,773 115,624 - 145,773 115,824 - 115,773
(E} Slpawe Dinmalar 4 - 3732 4- 11732 4 - 11732 4 - 1132
Badcw Flangs 104 10 "y 1o
[} Sleawe Lengih Less FER T 7-THE T-THE T-TB
Hisart Dy 179 a9 189 1845
1G] Sheivs Bore Dismaior 36253 - 36257 A8753-38757 3.BTER - 3ET5T 3876 - 3.87H
{"B* size only) 02 082 - 92002 B8 432 - 58,442 BB 470 - 8442 BB 450 - 98,425
(H} Shasns Diamber & 0280 - 4 0275 4 200 - 4 2TRS i FR00 - 4, 2785 4 2005 - 4 2TRE
Lowver Soal Aroa 102,338 - 102 254 108,712 - 108,573 108,712 - 108,673 108,725 - 108,673
Sloarva Bong biaodream ooz 002 o2 0015
Chat-od-Feund 0050 0,050 0.050 a.038
Siaess B Masxdmum (iaF) 0oz o0z L1
Toaper 0,050 0050 0,050 0,050
Skhaove Sonl Area o 04 - 002 O3S - 001 J00s - O01 08 - 0045
Craricase Clsaranos 0,114 -, 050 0,068 - 0,025 0,088 - 0,025 0013 -0,114
VARG FITS AND CLEARANCES
VARG 155 VRG 232 VROIES WRG 2EVI0
CRAMKCASE
(&) Slesws Counlerbore 4. 312 - 4,314 4.312-4.314 4,562 - 4 583 4 562 - 45853
Crarnaber 108,524 - 10,575 106,524 - 108,575 115,674 - 115,500 115,874 - 115,900
(B} Skeeve Courlaon FED - P4R 250 - 248 260 - 248 280 - F48
Disgetin 6,35 6269 B35- 56,259 6,35 - 8,209 6,35 - 5,289
(C) Crankcase Uppar Bong 41285 - 41245 41255 - 41245 A4 3755 - 4 ATAS 4370 - 4 300
104,787 - 104, 782 104,787 - 104, 762 1M1,137- 111,112 110,958 - 111 252 ||
(D) Cearkcase Lower Bom A0 -4 052 4091 - 4,002 4281 - 4,783 4981 . 4,262 i
102 3&7 - 102,412 102 387 . 102,412 108,737 - 108,762 108,737 - 108,762
Craricase Main Baarning 2421024218 A0 -2.4215 2RITE- 20165 281752 8155
Soirnal Bors 61,403 - 81 506 E1.403 - §1.506 1,564 - 71 530 71,564 - 71 5358
Crarkcass Camsha¥ 1.8745 - 1.8T55 1.5745 - 1.8755 1.8745- 1 BTS5 1. 6745 1 ATEE
Baaring Bore (Mo, 1) A7 812 - 47 BIT 47612 - 47 BIT 47612 - 47 E37 47 512- 47 Ba7
Crarkcags Camehalf 1.7515 - 1.7520 1. 7515-1.77520 1.7515 - 1.7520 1.6745- 18755
Boaring Borg 44,488 - 44,500 44 408 - 44 500 A4 4B8 - 44 500 47812 - 47 837
(Mos. 2,3, & 4]




VRO FITS AND CLEARANCES

VAD155232 VRD 283 VRD31O VRO310S
CRANKCASE
(A) Sleeve Counterbore 4312 - 4314 4,562 - 4,563 4.562 - 4,563 4,562 - 4.563
Diameter 109,524 - 109,575 115874 - 115,900 | 115874 - 115800 | 115874 - 115,600
{B) Sleeve Counterbare 250 - 248 280 - 248 250 - 248 250 - 248
Depth 6,350 - 6,208 6,350 - 6,299 6350 - 6,200 6,350 - 6,299
[Cy Crankcase Upper Bore | 41255 - 41245 4.370 - 4.3800 4,370 - 4.3800 4.380 - 43800
104 TET - 104,762 110,998 - 111,252 110,958 - 111,252 110,998 - 191,252
(D) Crankcase Lowar Bore | <4.0371 - 4.032 4281 - 4.282 4281 - 4,282 4281 - 4,283
102,387 - 102,412 108,737 - 108,762 | 108,737 - 108,762 | 108,737 - 108,785
Crankcase Maln Baaring 24210 - 2.4215 28175 - 28165 28175 - 28165 28175 - 28165
Joyrmal Bora 61,493 - 61,508 71,564 - 71,539 71,584 - 71,538 71,584 - 71,539
Crankcase Camshaft 1.8745 - 1.8755 1.8745 - 1.8755 1.8745 - 18755 1.8745 - 1.8755
Boaring Bora (Ma. 1) 47612 - 47 637 47812 - 47 63T 47 812 - 47,637 47612 - 47 53T
Crankcase Carmshal 1.7515 - 1.7520 18745 - 18755 1.8745 - 1.8755 1.8745 - 1.8755
Baaring Bore 44,488 - 44,500 47 612 - 47,637 47,612 - 47,637 47,612 - 47,637
[Nos. 2,3, & 4)
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TYPICAL PISTON
YRD FITS AND CLEARAMNCES
VRDISSRD232 VRD2ED VROG10 VRD310%
PISTON AND PN
Piston Pin DHamater 1.2494 - 1,2496 1.2495 - 1,2497 12465 - 1.2497 1.2485 - 1.2487

.73 - 31,708 31,737 - 31,742 31,737 - 21,742 31,737 - 31,742
Piston Skirt Dlamater 4.8229 - 36245 38713 - 38727 28703 - 38717 J.8690 - 3.8709
("B” size only) a2 022 - 92,082 48331 - BR.366 CE30E - 88 341 OB 2755 - 98,31
Piston Pin Fit L0070 - D00G 0002 - 0007 0002 - 0007 L0002 - 0007
[Room Temp.) 0,002 - 0,015 0,005 - 0,017 0,005 - 0,017 0,005 - 0,047
Waight Vanation 73T£3 gramsa 11855 grams 1073+5 grams 1130=4 grams
pettr pEston per pision par peaton par piston
[A] Piston Pin Holp 12487 - 1.2500 1.2499 - 1.2502 12459 - 1.2502 12499 - 1.2505
Bore 31,742 - 1,780 31,747 - 31,755 31,747 - 31,755 31,747 - 31,758
(B} Piston Skin To 0008 - 0028 JO0AE - 004 D036 - D054 0041 - D0ET
Slpeve Clearancs 0,020 - 0,01 0,088 - 0,111 0,081 - 0,137 0,104 - 0,155
[T} Groowe -Top 086 - 0497 056 - 047 6 - 047 Herystona
Width 2438 - 2463 2,438 - 2 463 2,438 - 2,463 Type
-2nd 086 - 095 J0455 - 0985 J855 - 0965 JIE5S - 00ES
ZA38 - 2413 2425 - 2,451 2,425 - 2,451 2425 - 2,451
-Ard 08 - 085 .188 - 1849 &R - 189 88 - 189
2,438 - 2413 4,775 - 4 800 4,775 - 4,800 4 775 - 4 800
=i 88 - 1|89 s
4775 - 4,800
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VARG FITS AND CLEARANCES

VRG 155 VARG 332 VRE 265 VARG 283310
FISTON AMD PIN
Pisten Pin Diameter 1.2494 - 1.2456 12404 - 1.2496 1.2485 - 1.2497 1.2485 - 1.2487
31,734 - 31,739 31,734 - 31,738 21,737 - 31,742 INTIT - 31,742
Pston Skint Diamelar 36220 - 36245 4,822 - 36245 37478 - 3. 7482 38728 - 3.8732° (283)
("B size only) 52,022 - 92 062 £2,022 - 32,062 95,194 - 95,204 3.8718 - 3.8732° (310)
98,344 - 98379 mm
Piaton Pin Fil 0001 - 0006 0001 - 0008 0001 - 0005 SO0 - 0007
{Room Temgp.) 0,002 - 0,015 0,002 - 0,15 0,002 - 0,012 0,005 - 0,017
Weight Variation TI7+d grams TA7=3 grams E28+4 grama 111324 grams
par piston per piston pror piston per piston
{A) Pizton Pin Hobe 1.2497 - 1.2500 1.2497 - 1.2500 1.2457 - 1.2500 1.2499 - 1.2502
Bore 31,742 - 31,750 31,742 - 31,750 31,742 - 31,750 31,747 - 31,758
(B} Pislon Skirt to JODOE - 0028 D008 - 0028 0021 - O0Es 0021 - 0025 [283)
Sleave Clearance 0,020 - 0,01 0,020 - 0,071 0,053 - 0,073 0021 - 0039 (310)
0,053 - 0,099 mm
(C) Groowe -Top 1096 - 097 05 - 08T 096 - 0487 096 - 087
Widih 2,438 - 2,453 2,438 - 2,463 2,438 - 2,463 2,438 - 2463
-2nd 0896 - 095 (096 - 005 J8ES - 0955 JBEE - 0955
2,438 - 2413 2438 - 2413 2451 - 2,425 2451 - 2425
-3rd 096 « 085 098 - 095 188 - 189 188 - 189
2,438 - 2,413 2438 - 2,413 4,775 - 4,800 4,775 - 4,800
=4tk B8 - 188 J1E8 - 189 == -
4775 - 4 B0 4,775 - 4,800
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TYPIGAL PISTON AING
VARG FITS AND CLEARANCES
VG 155 VRG 232 VARG 265 VRG 283310
PISTON RINGS
(A} Ring Gap -Top 010 - 020 010 = 020 010 - 020 010 - 020
0,254 - 0,508 0,254 - 0,508 0,254 - 0,508 0,254 - 0,508
-Znd 010 - 020 000 = 020 010 - 020 010 - 020
0,254 - 0,508 0,254 - 0,508 0,254 - 0,508 0,254 - 0,508
-3rd 010 - 020 010 - 020 015 - 058 15 - 055
0,254 - 0,508 0,254 - 0,508 0,381 - 1,307 0,381 - 1,387
-4k 15 - 055 A015 - 085
0,381 - 1,397 0,381 = 1,267
(B) Fing Gawgs =Top 3625 @ 7.8a 3.625 & 7.8a 3,750 @904 3.875 @o.88
92075 @ 354kg | 92,075 @ 354 kg | 9525 @ 4,08 kg G842 @ 4,44 kg
~2nd J6B25 @ BE 3.625 @ B 3750 @ 9.68 3875 @ 10.44
S207T5 @ 363kg | 92075 @ 363 kg | 92,25 @ 4,35 kg 58,42 @ 4,72 kg
=3rd 3625 @ oM 3.625 & B 3750 @ 204 3875 @ Z29.04
S2O0TS @363 kg | 92075 @ 363 kg | 9525@ 907 kg 58,42 @ 13.15 kg
-41h 3625 & 164 3625 D168

B2075 & 726 kp

82,075 & 7,26 kg
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YRG FITS AND CLEARANCES (Continuad)

VIRGE 155 VARG 232 VHG 265 VRGE 2BAE10
PISTON RINGS
['I:‘._l- Hireg Wall =Top 70 - 160 AT0 - 180 J8T - AFT 84 - 184
4318 = 4,054 4 318 - 4 064 4,749 - 4 485 4827 - 4873
=2nd 70 - 160 70 - 160 A87 - ATT A7 - 181
4,318 - 4,084 4,318 - 4,064 4,740 - 4 495 4,597 - 4,343
<%rd AT0 - 160 70 - 160 156 - 150 6T - 1585
4,318 - 4,064 4,318 - 4,084 3963 - 3,81 4 089 - 3937
-dth J81 - 155 J161 - 155
408G - 3,937 4,088 - 3837
(D) Fing Width <Top 0835 - 0830 E35 - 0530 J0I3S - 0930 0835 - 0E30
24374 - 2362 2374 - 2,382 2374 - 2382 2374 - 2362
-Znd 0835 - 0925 0835 - 0925 935 - 0925 0935 - 0825
2374 - 2349 2374 « 2 349 2374 - 2362 2,374 - 2,349
=3rd JOR35 . 0925 0ass - 0,925 JB25 - 1885 V1825 - 1885
2,074 - 2049 24874 - 2340 4635 - 4,788 4,635 - 4,788
=4th JVE25 - 1885 A82E - 1885 = -
4635 - 4 784 4,635 - 4,788
{E) Sida Claar- ~Top 0025 - 0040 (025 - 00d0 025 - D040 D0E2S -« D040
ancea 0,063 - 0,101 0,083 - 0,101 0,063 - 0,101 0083 - 0,101
<nd 005 - D035 L0156 - 0035 0020 - D035 002 - 004
0,038 - 0,089 0,038 - 0,088 0,050 - 0,088 0,050 - 0,101
-3rd D015 - A5 0015 - 0035 L0065 Max. 0065 Ma.
0,038 - 0,088 0.0c35 - 0,088 0.165 0,185
-dih JO0ES Max. JD0ES Ba,
0. 165 0,165




VRD FITS AND CLEARANCES

VRD 155232 VED 283 VRD 310 VAD 3108
PISTON RINGS
(A) Ring Gap -Top 010 - 020 010 - .020 010 - .020 010 - .020
0,254 - 0,508 0,254 - 0,508 0,254 - 0,508 0254 - 0.508
2nd L0 - 020 L0 - 20 010 - 020 020 - 030
0,254 - 0,508 0,254 - 0,508 0,254 - 0,508 0,508 - 0,762
-3rd 010 - 020 010 - 020 040 - .00 010 - 020
0284 - 0,504 0,254 - 0,508 0,254 - 0,508 0,254 - 0,508
-4th 010 - .023 -
0,254 - 0,584
{B) Ring Gauge Top 3625 @ 7.84 3875 @ 084 3875 29.84 3875 @ 140
92075 @ 3,54 kg 842 @ 444 kg 598,42 & 4,44 kg 98,42 @ 6,35 kg
-2nd 3.625 & B4 3875 @ D48 JETE @ 11w 3875 @ 178
22,075 @ 3,63 kg H8.42 @ 426 kg 98,42 @ 503 ky G842 & 544 kg
~ard 3,825 @ a8 3875 @ 1418 J.875 @ 190 S875 @ 1268
2075 @ 363 kg | 5842 @ 529Ky 08,42 @ BE2 kg 9542 @ 571 kg
Ath 3,625
82,075
() Ring Sall -Top A0 - 180 194 - 184 184 - 184 158 - 168
4,318 - 4064 4 927 - 4,673 4 927 - 4, 673 4013 - 4 267
-2nd 70 - 160 104 - 184 A7 - 181 1588 - 168
4318 - 4064 4927 - 4,673 4,343 - 4,507 4013 - 4 267
-3rd A70 - 160 135 - 145 135 - 145 N30 - 140
4,318 - 4064 3429 - 3583 3,429 - 3,683 3302 - 38586
i 44 - 134 .
3,658 - 3404
(D) Hing Width Top 0935 - 0930 0935 - 0930 0935 - 0930 Keyslons
2374 - 2,362 2374 - 2,382 2374 - 2362 Typa
2l 09435 - Do2E 0935 - 0930 0835 - 0825 0835 - D925
2,374 - 2,349 2374 - 2 382 2374 - 2 348 >374 - 2349
-ard 0935 - DE25 L1865 - 1860 870 - .1B60 B&5 - 1855
2,474 - 2,340 4,737 - 4,724 4 TR0 - 4 T24 4,737 - 4,71
~ath 865 - 16860
4,737 - 4724
{E} Skde Clear- -Top 0025 - 0040 025 - pa JH02S - 0040 Koystona
ance 0,063 - 0,101 0,063 - 0,10 0,063 - 0,101 Type
-2nd 0015 - 0035 J0020 - D035 D2 - 004 002 - 004
0,038 - 0,088 0,050 - 0,088 0,050 - 0,101 0,050 - 0,101
=Jnd 015 - a5 L0015 - 0030 001 - 003 L5 - 0035
0,038 - 0,088 0038 - 0,076 0,025 - 0,078 0,038 - 0,088
-ath D015 - 003 - .
0,038 - 0,076
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TYPICAL CRANKSHAFT

YRG FITS AND CLEARANCES
VARG 155 VARG 232 YRG26S | VARG 203910
CRANKSHAFT
Crankshaft End Play 045 - 0085 J045 - 0085 S04 - 0085 L0045 - 0095
0114 - 0,215 0,114 - 0,215 0,114 - 0,215 0,114 = 0,241
Thrust Baaring Thickness 1.621- 1.623 1621 - 1623 1.746 - 1748 1.485 - 1.408
41,173 - 41,224 41,173 - 41,224 A4, 348 - 44 300 37873 - 38,049
(A} Connacling Rod D005 - 002S JOD05 - D02 000s - 0025 JB005 - 0025
Bearing Funning 0,012 - 0,063 0,012 - 0,063 0,012 - 0,063 0012 - 0,063
Clearance
(B} Connecling Fod 2.250 - 2.249 2.250 - 2.240 2250 - 2240 24375 - 24385
Bearing Journal 5¥.150 - 57,124 57,15 - 57,124 BT 18 - 57,124 61,912 - 61,887
Diameter
(T} Main Bearing Journal A0 040 040 J040
Maximum Undersize 1016 1.018 1.6 1,016
(D) Main Beadng Run- 0002 - O02T D002 - 0027 A005 - 0035 0015 - 0045
nirg Clearance 0,005 - 0,068 0,005 - 0,068 0,012 - 0,088 0,038 - 0,114
(E} Main Bearing Joumnal 2.250 - 2.249 2.250 - 2.249 2625 - 2.624 2825 - 2.624
Diamater 57,150 - 57,124 57,150 - 57,124 66,675 - 66,649 66,675 - 65,649
(F) Crankshaft Thrust 1.6275 - 1.6295 1.8275 - 1.6295 1.7525 - 1.7545 1.5025 - 1.5045
Length (lace 1o face) 41,338 - 41,389 41,333 - 41,389 44,513 - 44, 564 38,163 - 38,214
Main and Fod Jowmal .o i) D01 001
Maximum Out-of Rowund 0,025 0,025 0,025 0,025
Main and Fod Jowmal .00 001 006 J0DE
Maximum Taper (.025 0,025 0,015 0,015
Main Bearing Shell AIES4 - 0848 0BS54 - 0B4G J955 - 0950 J945 - 0850
Thichness 2.169 - 2,156 2,168 - 2,156 2425 - 2,413 2,400 - 2,413




VAD FITS AND CLEARANCES

VRD 155232 VHD 283 VRD310 VRD 3105
CRAMESHAFT
Crankshalt End Flay 0045 - DOES 0045 - 0085 L0045 - 00485 D045 - 0095
0114 - 0215 0,114 - 0241 0,114 - 0,241 0,114 - 0,241
Thrusi Bearng Thicknass 1.621 - 1,623 1.485 - 1.498 1.495 - 1,498 1.485 - 1,448
41,173 - 41,224 ATAT3 - 38,040 37,973 - 38,045 37973 - 38,048
(A} Connecting Fod O00E - 0025 0005 - 0025 0005 - 0025 D01 - 3
Baaring Running 0,012 - 0,063 0012 - 0,063 0012 - 0,083 0,075 - 0,078
Clearance
(B} Connacling Rod 2250 - 2248 24375 - 24365 24375 - 24365 2437 - 2. 438
Baaring Joumal 7150 - 57,124 61,912 - 61,887 61,912 - 61,887 B1 8540 - 61,4874
Crimrmeater
{C) Main Bearing Journal 040 00 S04 040
Maximum Lindarsize 1,018 1,016 1,016 1,006
{0 Main Baaring Funning 0002 - DOZT 015 - 045 0015 - 0045 007 - 004
Claarance 0,005 - 0,068 0,038 - 0,114 0,038 - 0,114 0,025 - 0,101
{E} Main Bearing Journial 2280 - 2,249 2628 - 2824 2625 - 2624 2 E2EE - ¥ ER4S
Dimnsetar 57,150 - 57,124 GE.675 - 66,648 66,675 - 66,649 86, 8a7 - 88 GE2
{F) Crankshal Thrust 1.6275 - 1.6285 1.5025 - 1.5045 1.5025 - 1.5045 1.5025 - 1.5045
Length (face o face) 41,338 - 41,385 38163 - 38214 38,163 - 38214 38183 - 38214
Main and Rod Joumnal 001 01 .00 001
Mandraum Oul-of -Round 0,025 0,025 0,025 0,025
Main and Rod Journal L01 008 i J00a
Masirmum Tapssr 0,025 0,015 0,015 0,05
Main Bearing Shell 0B854 - DRAD L8465 - 0950 0945 - 0850 0945 - 0980
Thickrgss 2169 - 2,158 2400 - 2413 2400 - 2.413 2400 - 2413
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VRG FITS AND CLEARANCES

TYPICAL COMMECTING ROD, BUSHING, AND BEARING

| vAG 158 VAG 732 VAG PES VRG 283310
CONNECTING ROD, BUSHING, AND BEARING
Waight Varialion Per Sat 25 oz, (T grams) 25 oz. [T grams) 25 oz, [T grams) 25 oz, (T grams)
(A} Rod Length Cender- 6.750 - 8.749 6.750 - 6,749 6.747 - B.750 6.750 - 6.740

ta-Canter 171,450 - 171,426 171,450 - 171,428 | 171,373 - 171,480 171,450 - 171,426
(B) Small End Finish Size 1.312 - 1.313 1.312 - 1.313 1.312 - 1,313 1312 - 1.313
33,324 - 33,350 33,324 - 33,380 33,324 - 33,350 33,724 - 33,350
(C) Bushing Bore 1.25801 - 1.2503 1.2501 - 1.2503 1.2501 - 1.2503 1.2501 - 1.2503
Dilarmetar 31,752 - 31, 7&F 31,752 - 1,757 31,752 - 31,757 3,752 - 31,757
(D) Busghing Press In 045 - DOT0 0045 = 0070 0045 - 00T L0445 - D070
Fiod 0,114 - §177 0,114 - 0177 0,114 -« DIFF 0114 - 077
(E} Large End Finlsh 24205 - 2.4200 24205 - 2 4200 24205 - 2. 4200 2.5885 . 2 585
Side 61,480 - 61,468 61,480 - 61,468 61,480 - 61,468 65,748 - G5, 750
(F) Bearing Wall J0B45 - Qa5 0845 - DR50 Joga5 - QBN 0780 - 0755
Thickness 2146 - 2159 2,146 - 2,159 2,146 - 2. 159 1,905 - 1,917
Bearing Running JOODE - 0025 005 « 0025 005 - (025 0005 - s
Claarance 0,012 - 0,063 0,012 - 0,063 0,012 - 0,083 0,012 - 0,063
Aod Side Clearance 075 - 0135 0075 - 0135 0075 - 0138 0TS . 0135
0,190 - 0,342 0,150 - 0,342 0,190 - 0,342 0,190 - 0,342
Rod Large End Width 13855 « 1. 3875 1.3655 - 1.3675 13655 - 1.3675 1.3655 - 1.3675
34,684 - 34734 34 684 - 34,734 34,684 - 34 T34 34,684 - 34734




VAD FITS AND CLEARANCES

VRO 155 VAD 232 VRD 283 VRD 310/3105
CONNECTING ROD, BUSHING, AND BEARING
Weight Variation Per Set 25 oz, [T grams) 25 oz (T grams) 25 0z, (T grams) 25 or. (T gramas)
(&) Fod Length Cantar- 6.750 - 8,749 6. 750 - 6.748 6,749 - 5,750 B.750 - £.749

te-Canter 171,450 - 171 426 171,450 - 171,426 171,426 - 171,450 171,450 - 1?_1,425
(B) Small End Finish Size 1.312 - 1.313 1312 - 1.313 1.312 - 1.313 1312 - 1.313
33,324 - 33,350 33,324 - 33,350 33,354 - 33,350 33,324 - 33,350
{C) Bushing Bore 1.2501 - 1.2503 1.2500 - 1.2503 1.2504 - 1.2503 1.2501 - 1.2503
Diarmatar 31,752 - 31,757 31,752 - 31,757 3,762 - 31,757 21,782 - M, 7ET
{D) Bushing Press In 045 - D00 L0045 - 0070 0045 - B0T0 10045 - 0070
Riod 0,114 - 077 0114 - 077 0,114 - 0,177 0,114 - 077
{E) Large End Finish 242085 - 2.4200 24205 - 24200 2.5885 - 2.589 2.5805 - 2.589
Sira 61,480 - 61,468 B1,480 - 61,468 65,748 - 65,760 64,748 - 65,760
(F1 Bearing Wall SB45 - 0850 0845 - 0850 JAFED - 0755 JOTS0 - 0755
Thickness 2,146 - 2,159 2,146 - 2,159 1,905 - 1.917 1,205 - 1,817
Bearing Running J008 - 0025 0005 - 0025 0005 - D025 0005 - 0025
Clearants 0,012 - 0,063 0,012 - 0,063 0,012 - 0,063 0,012 - 0,063
Rod Side Clearance 0O75 - 0135 D075 - 0135 0075 - Q125 D075 - 135
0,190 - 0,242 0,120 - 0,342 0,180 - 0,342 0,190 - 0,342
Rod Large End Width 1.3655 - 1.3675 1.3655 - 1.3675 1.3655 - 1.3675 1.3855 - 1.3675
34,684 - 34,734 34,684 - 347 34,684 - 34,734 34, 684 - 34,734

-
4
o LU
o =
EU
i)
- %
L
-4




INTAKE

EXHAUST

[ n
GAS
TYRICAL VALVE TRAIN, VALVE PORT CLEARANCES
GAS/GASOLINE EMGINES
VARG FITS AND CLEARANCES
| VRG 155 VARG 232 VRG 265 VRG 283/210
VALVE TRAIN, VALVE PORT
(A] Vake Length 4. 984 E.047 5.406 - 5388 5418 - 5.408
{Intaka) 126,594 128,193 137,312 - 137,058 | 137817 - 137 363
Valve Length 4,984 5.078 - 5.068 £ 489 5.418 - 5,408
[Exdhiyusd) 126,584 128,981 - 128,727 | 138812 137,617 - 137,363
(B) Vahle Stem Diameler T30 - .aT20 AT30 - AT20 473 - av2 By I
{Intake) _ 9474 « 9,448 G474 - 9448 ElﬂTﬂ- & %-!I-E E'Iﬂni'd- - 0 448
Walve Stem Dismater T2 - 3M A2 =N A72 - AN 72 - AN
{Exhausi 8448 - 9423 9,448 - 9423 0,448 - 9423 9,448 - 6,423
Valve Lip Thickness LGB JDE3 063 K]
{Infake 1,600 1,600 1,600 1,600
Valve I::p' Thickness 063 ) ] .
{ Exdhansst) 1,600 1,600 1,800 1,600
Valve Face & Seal 002 D02 . ]
RAun-owt (Maximum] 0,050 0,050 0,050 0,050
[C} Valve Haad Diamaber 1.449 - 1 459° 1,335 - 1.389 1.514 - 1,504 1.625
{Inlaka) 36,805 - A7 059 mm| 35535 - 35 281 38,455 - 38,201 41,275
Valve Head Duamater 1,389 - 1.3858° 1.258 - 1.251 1.400 - 1,350 1.518 - 1,508
(Enhumus) 35,281 - 35535 mm| 31,953 - 31,775 35,56 - 35 306 38,557 - 38,304
[0} Vabve Face Anglhe 44 30" + 15 447 30 = 15 447 30" 1 15 44° 30 = 15
(Intakai
Vales Face Angla 44" 30" + 15 44* 30 = 15 44" 30 = 15 44* 30 & IF°
[Exhifiusl)




VARG FITS AND CLEARANCES {Confinued)

| vRG 155 VRG232 VRG265 VRG 283310
VALVE TRAIN, VALVE PORT (Cont.)
(E) Guide Length 2.406 - 2.396 2.408 - 2,396 2625- 2815 2,406 - 2,356
iintaka) 61,112 - 60,858 81,112 - 60,858 66,675 - 66,421 61,112 - 60,858
Guide Length 2303 - 2323 2.500 - 2.490 2625 - 2615 2625 - 2615
Exhaust) 58,406 - 50,004 63,500 - 83,246 BE,675 - 66,421 66,675 - 66 421
[F) Guide Outside
Diamater (Intake JG255 - JG2E0 G255 - 628 JB255 - 626 5255 -
& Exhauest) 15,887 - 15,900 15 887 - 15,900 15,887 - 15,800 15,867 - 15,900
1G) Guide Insida
Diarnater [Intake 75 - 374 ATE - 3TH 375 - 374 a75-.374
L Exhaust) 9,825 - 9,500 8,525 - 9,500 9,525 - 9,500 9,525 - 9,500
Giunte 1o Stem 001 - 003 001 - 003 00 - 003 001 - 003
Clearance [intaks 0025 - 0,075 0,025 - 0,076 0025 - 0,076 0.025 - 0,076
Guide 1o Stem 002 - .004 002 - .004 002 - 004 002 - .004
Claarance (Exhaust) | 0,050 - 0,101 _ 0,050 - 0,101 0,050 - 0,101 0,050 - 0,101
Exhaust Insed Seal 080 - 080 080 - 090 Jo8d - 090 JOB0 - .00
Width 2,032 - 2206 2,032 - 2,288 2,032 - 2288 2,032 - 2,286
nia at 1056 - 0BE 056 - 080 - 050 i
1,422 - 1,676 1422 - 1,676 2,032 - 2286 1,574
[H} Exhaust Insen T.540 - 1 4965 T840 - 15020 - 1.5025 | 1.6275 - 16210 |
Duiside Diametar JE,57E - 36,563 576 - 35,563 38,150 - 38,163 41,336 - 41,335
(I} Exhaust Insert 1.255 - 1.245 1.130 - 1.120 1.270 - 1.260 1,390 - 1.385
Iri J1,87F - 31,623 ; - . 35 .
{J) Exhaust Insar Depth 250 - 248 250 - 248 2105 - 2055 209 - 207
6,350 - 6,299 6,350 - 6,299 5.346 - 5,219 5.308 - 5257
(K} Inser Seat Angle
Exhaust) 45° 45" 45" 45°
Angle {Imake] a5 457 45" 4
(L} Guide Extends Above JB43 - B33 843 - B33 81 -7 B43 - B33
Head (Inake) 21412 -21158 | 21412 - 21,158 1 - 19,583 21,412 - 21,158
Guide Extends Above BaT - 82T 837 - 827 807 - 82T HAT - 02T
Head (Exhaust) 23,799 - 23,545 23,799 - 23,545 23,7959 - 23,545 23,780 - 23,545
ui n Hoa 624 - 625 d = d . - . -
15,849 - 15,675 15,849 - 15,875 15,848 - 15,875 15,849 - 15,875 =
(M) Exhaust Insert 260 - 263 260 - 263 217 - 219 217 - 220 o¥ Wi
Counterbore Depth £.604 - 6,680 6,604 - 6,680 5512 - 5563 5512 - 5,538 o =
(0] Exhaust Insen 1.500 - 1.499 1.4375 - 1.4365 1.500 - 1.499 1.624 - 1.605 <V
Counterbore Diamater 38,100 - 36,075 | 36512 - 36487 | 38100-38075 | 41,250 - 41275 | fin
[P) Exhaust insen Seat 1.250 1.250 1.375 1.500 x o
0.0. 31,750 31,750 34 825 38100 o
intake Seat Q.0 1.5 1.343 1.500 1.593
33,401 34,112 38,100 40,452
Valve Spring Free 225%0n. v 010 | 2562 & 062 2.562 = 062" 2562 & .
Irntake Ti0.64 i = .25 mm 65,074 & 1,574 mm| 65074 + 1,574 mm| 65074 & 1,574 mm
Valve Spring Free 25182 M0in 2440 x DG 2.440 + DEF 2,440 z 0BE2° ,
L h {Exhausi) 58.THmom ¢ 25 mm 61,876 £ 1,574 mrm| 61,976 + 1,574 rom| 61,976 = 1,574 mm|'
Valve Closed Spring 1-516 & 484 & 48 1.906 @ 504 1.906 & 50a 1906 & 528
L ti (Irviakon 4321 @21.7TEge 181 Kg 48412 @ EE_?I;E 48,412 @ 267 48,412 & 26.7
Valve Glosed Spring 14T/ @ 488 2 20 1.750 @ 57¢ 1750 @ 574 1.750 @ 57#
Length (Exhaust) 4397 @ 2041 Kga30Kg | 44,450 & 258k 44 450 & 25 44 450 & 25 Bk
Vabie Open Spnng 11902 O Tiew B4 1.506 @ 958 1,506 & 054 1.506 u"ﬁ'ﬁ“g"
Length alnlal:u; a0.an &322 Kge2F2ng | 30252 @ 43.1 38,252 @ 43.1kg 38,252 @ 43.1kg |
Yahe vy 10 @ B2 g A 1.350 @ S0 1.350 & O0d 1.550 @ 08
Length (Exhaust) 3530 @3T20Kg=101 Ky | 34200 @ 408 kg | 34200 @ 408kg | 34290 @ 408 kg |




Lol 0 EXHAUST
INTAKE
DIESEL
TYPICAL VALVE TRAIN, VALVE PORT CLEARANCES
DIESEL ENGINES
VAD FITS AND CLEARANCES
VARD 155 VRD 232 VRDZE3 VADA10/3105
VALVE TRAIN, VALVE PORT
{A)} Vahe Length 5953 - 5.043 5553 - 5843 6.812 - 6.802 6.812 - 6.802
{Intaka) 151,208 - 150.852 | 151,206 - 150,852 | 173,024 - 172,770 | 173,024 - 172,770
Valve Length 5.000 - 4,930 5.000 - 4.990 6,824 - 6.814 6.824 - 6.814
Exhiausd 12’?.1]|II - 125,?4& 12?,131'.'!} - 12‘&,?& 1?3,33& - T?SIIII?E- 173330 - 1?3|ﬂ-'.llﬂ.
{B) Valve Stam Ciamater A73. a7 373 - 372 3725 - 3720 3725 - 3720
(Infaka) _ 9,474 - §.448 8,474 - 5,448 9461 - 9,448 9,461 - §,448
Valve Slem Diameter a2 - AT a7z - .37 a72 - 3715 72 - 3718
{Exhaust) 8,448 - 9,423 9,448 - 9423 9.448 - 5,436 9 448 - 9,436
Vahe Lip Thickness 052 - D62 052 - .062 055 055
{Intake) 1,321 - 1,674 1,321 - 1,574 1,397 1,387
Valve Lp Thickness 052 - 062 o - oee 0BT 06T
(Exhaust) 1,321 - 1,574 1,321 - 1.574 1,702 1,702
Valve Face & Seat Niie] o2 Niie] 002
Run-oul (Maximum) 0,050 3,050 0,050 0,050
1G] Vahe Head Diamalar 1.447 - 1,437 1447 - 1,437 1.840 - 1.630 1.718 - 1.708 |
{Intaks)} 36,753 - 36,499 38,753 - 36,499 41,656 - 41,402 43837 - 43383
Valve Head Diameler 1.255 - 1.245 1120 - 1.110 1505 - 1.49% | 1.505- 1.
(Exhaust) 1,877 - 31,623 28,448 - 28,194 38,227 - 37,973 38227 - 7973
D) Valve Face Angle
|:I|'|tnkc:;|- 44° 30 = 15 44* 30° 2 15 29° 3 = 15 29° 30" = 158
Valve Face Angle
Exhausi 44° 307 = 15" 44° 30 = 15" 44" A = 15 44° 30 + 15
{E) Guide Length 3187 - 3177 3187 - 3177 3.500 - 3.450 3.500 - 3.4080
{Intake) 80,949 - BD,GAS 80,040 - B).6GS B8,900 - 88 B46 B8,900 - 83 645
u o0 2312 - 2002 212 - 200 3500 - 3.400 500 - 0,
(Exhausi) 58,724 - 58,470 £8.724 - 58470 BA, 900 - 88 646 88,800 - 88,845




¥RD FITS AND CLEARANCES (Continued)

[ VAD 155 VRD232 VADZES VAD 3103108
VALVE TRAIN, YALVE PORT {Cont.)
(F} Guide Oulside
Diamater {Intake 5255 - B2E0 6255 - 626 JERER « 626 G255 - 626
& Ewhaust) 15,887 - 15,000 15,887 - 15,900 15 BB7 - 15900 15,887 - 15 800
{G) Guide Inside )
Diamatar (Inake A75- 374 ATE = 374 374 - 373 74 - 373
& Exhaust) 5. 525 - 9 500 09,525 - 5.500 9,500 - 9474 8,500 - 9.474
Cluside 1o Stam 001 - 003 001 - 003 L0005 - 002 005 - 002
Clearance (Intake) 0,025 - 0,078 0,025 - 0,076 0,012 - 0,050 0,012 = 0,050
GSulde 1o Slem 002 - 002 - 004 0T - . I
Cloarance |Exhais! 0,050 - 0,11 0,050 - 0,101 0025 - 0,063 0,025 - 0.063
Intake Inser Seat D62 2 JoEn 03
Widih 1,574 1,574 2a8m 2’,51 1
Exhausi Seal widh 070 070 062 - . B2 - 072
1778 1,778 1,574 - 1A% 1.574 - 1,829
{H} Intake Insert 1.5650 - 1.5645 1.5650 - 1.5645
Outzide Diarmeales 35,751 - 39,738 39,751 - 35,738
i} Intake Inser 1315 - 1,009 1.315% - 1.309 .
Inside Diamadar 33,401 - 33,248 33,401 - 33,248
rilake Tnsar 2055 - 2105 : - 2108 ~
52108 - 5346 5219 - 5345
(K} Inser Seat Angle
Intake) 45" 48" a0
Seal &ﬁ EEﬂmm} 45" 45* 45" 45° 2H
L)} Guida Above 537 - 82T 93T - 927 BT5 - BES BTS - BES
Haad (iniaks 23,799 - 23 545 23,760 - 23,545 28,225 - 21,971 22208 . 21,071
G—'—_[m__uﬂ T 1.13r - 1.177 | a7 - 927 875 - .65 B75 - 865
Head £} 28,879 - 29 606 23 700 - 23 545 22 275 - 21,971 22,225 - 31,971
(M) Guide Bore in Head 624 - BZE 624 - 625 B245 - B25 BP24E - H525
15,845 - 15,875 15849 - 15,875 15,882 - 15,875 15,862 - 15875
[M) Intake Inser A4 - 38 ST
Countarbora h 7.H76 - BOTT 7476 - 8,077
whanst nsert 1.5615 - 1,.6005 TH615 - 1.5605 -
Counterbare Diameter 39,662 - 30,687 36,662 - 39,687 51 &
() Intake Insed Seat 1 406 1.406 1,545 1.609
0.0 b L 35,712 39,268 A0 855
Exhaust Seat 0.0, 1.228 1108 1.447 1.437
_ 31,191 28,189 A, S0 36,500
Wahwa Spaing Frea 2440 o 0D 2.440 + 062 2.562 = 062 2.562 = 062
Lenglh (Intake] 81 978 mm e 1574 mmd B1.876 = 1,574 mm) 65,074 + 1,574 mm| 85074 s 1,574 m
Vahe Spang Froa 2562 = DE2 2.562 062 2.5682 £ 062 2.562 + 082
_Lﬂ!h {Exhausal) 65,074 2 1.574 rium 65,074 + 1,574 mm EEII:I?-I & 1,574 mm| 65074 = 1,574 mm
Vale Closed Spning 1-008 08 578 & AF 1-34 & 57d g 40 1.506 & 508 1,806 @ 508
Langih (Intake] A4 A5 @ ESAHge 1AM ]| A5 @ IEBKg 1BKY 412 @ 26T 48,412 @ 26.7 kg
Yahle Closed Spring 1-20002 @ 500 & 48 120712 O 908 5 40 1.906 & 508 1.8906 @ o8
Langth {Exhausl) 4841 @ 2THg=18Ky| BN OMATHa1BKg| 48412 @ 26T kg | 4B 412 @ 267 k
Vaive Open Sping e inmemin TIBB T 1M S
Length {Intaka) MIISAEN a1 I M@ snaBRg.1BEg| 3B252 @ 431 k 38,252 @ 430
Vale Cpen Spnng 1-1/Z @ 558 40 105 O G A0 1.506 1.506 @ UG8
Length (Exhausl) IS S A Kge AN | IS @ AL K 1hkg] 38,252 @ 43.1 kg 3p252 @ 431 kg |
*Valva Extensson
Abowva Head «Infaka 029 029
738 738
'E:ha-.::t g4 141
1,04 1.04

-
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* This dimension must be checked after installing valve seat ingans.




¥RG FITS AND CLEARANCES

e VARG 155 VARG 232 VARG 265 VARG 283310 |

CAMSHAFT

Camshaft Joumal 1.7489 = 1.780 1.749 - 1,750 1.748 - 1.750 1.749 - 1.750

DCiameter (M. 1) 44 425 - 44,450 44,425 - 34 450 44,425 - 44,450 44 405 - 44, 450

Camshalt Journal JBO1E - 0005 0015 - 0035 0015 - 0095 .

Running Clearance 0,038 - 0,088 0038 - 0,088 0,038 - 0,088 0028 - 0,088
Tiﬁﬂ Journal 174485 - 1 7485 1.7405 - 1.7485 1.7405 - 1.7405 . = 1.
|_Diameter (Nos.2.3, & 4) 44,437 - 44 411 44,437 - 44,411 44 437 - 44 411 44 437 - 44 411

Camshafl End Play SPAING AND BUTTON CONTROLLED orid

Camzhall Bushing 1.0, 1.7515 - 1.752 1.7515 - 1.782 1.7515 - 1,752 1.7515 - 1.752

Pre-reamed 1o Size) 44,488 - 44,500 4,488 - 44,500 44,488 - 44,500 44 488 - 44 500
—Emm Intake 206 - 214 205 - 2 300 - 204 300 - 204

5,740 - 5,435 5.740 - 5,435 762 - 7467 7,62 - 7,467

Cam Lifl Exhausl 206 - .194 206 - .104 305 - 299 305 - 289

5,233 - 4,827 5232 - 4927 T.747 « 7,584 7.747 - 7.554
VAG 155 VAG 232 VAG 265 VRGZEIS10

OIL PUMP

Backlash Od Pump == 010 - .6 A0 - 016

Pressune Gears 0,254 - 0,405 0,254 - 0,406

Drive Shalt Bushing AGEE - 4570 4G5S - 4970 4865 - 4065 - 4

LD, (Top) 12,585 - 12,624 12,585 - 12,624 12,611 - 12,585 12,611 - 12 585

Drive Shaft Bushing 1.0005 - 1.0015 1.0085 - 1.0015 B2ES - 6270 G265 - B270

I.0. (Botiom) 25,413 - 25,438 25,413 = 25,438 15,913 = 15 848 15,913 - 15 826

Drive Shaft Hunning 405 . 4845 A95 - 4545 AD45 - 404 AD45 - 454

Surace 0.D. (Top) 12,573 - 12,560 12,573 - 12,560 12,560 - 12,547 12,560 - 12,547

Drivee Shalt Running 1.000 - 5505 1.000 - Soes B24E - B240 B245 - 6240

Surface 0.0, (Botiam) 25,400 - 25 387 25,400 - 25387 15 862 - 45 850 15,882 - 15850

Idigr Shaft O.0. . G2 - 6225 B22 - 8225

15,799 - 15811 15,7948 - 15,811
[ Tdler Giear 117 636 - bonh B26 - Gebh
15,900 - 15,913 15,900 - 15,813
WREG 155 VRG 232 VRG M85 WRG 2835310
ROCKER ARMS
Aockar Amn 1.0 7445 . 7a5% 7445 - 1455 445 - 7455 | 7445 - 7455
18,910 - 18,938 18,910 - 18,936 18,910 - 18,836 18,510 - 18,936
[~ Focker Amrm Shal Ch.00, 742 - 743 - T2 - 743 A2 - T
18,847 - 16,872 18,847 - 18,872 18,847 - 18872 18,847 - 18,872

Rocker Amm Funmang : -, . -, [ 0075 - 00EE | . -

Clearance 0,038 - 0,088 {0,038 - 0,088 0,038 - 0,088 0,038 - 0,088
| VAG 155 VRG 232 VRG 265 VRG 283310

FLYWHEEL HOUSING

Pilol Bearnng Hunout Rl o0s* 0os" oos"
| 0,127 mm 0,127 mm 0,127 mim 3,127 mrm

Flywheal Face Runoul [y ooa® nog* A00a®

0,203 rmm 0,203 mm 0203 mm 0203 mm

Fiywheal Housing 006" oo nog* [Ty

Bore Runaut 0,152 mm 0.203 mm 0203 mm 0,203 mim

Flywheal Housing D0E" 008 _O0B" 008"

Face Rundut 0,152 mm 0,203 mm 0.203 mm 0,203 mm




VRD FITS AND CLEARANCES

VAD 155 VAD 232 VRD 283 VAD 310/3105
CAMSHAFT
Camshalt Joumal 1. 748 « 1,780 1.748 - 1.750 1.74598 - 1.7485 1.7495 - 1, 7488
Diamalar (Mo, 1) dd 425 - 44 450 44.425 - 44 450 44 437 - 44 411 44 437 - 44,41
Camshaft Jowmal J001S - 0035 0015 - B035 002 - D035 002 - 0035
Funning Claarance 0,038 - 0,088 0,038 - 0,088 0,050 - 0,088 0,050 - 0,088
Camshaft Joumnal 1.7455 - 1.7485 1.740% - 1.7485 1.7405 - 1.7485 1.7495 - 1,7485
Diarngter (Nos.2.3, & 4) 44 437 - 44 411 44,437 - 44 411 44,437 - 44,411 44 437 - 44,311
Camshatt End Pla SPRING AND BUTTON CONTROLLED
[ Camshaft Bushing 1.0. 1.7515 - 1,752 1.7515 - 1,752 1.7515 - 1.752 1.7515 - 1,752
{Pre-reamad 1o Siza) A4 488 - 44 SO0 44 488 - 44 500 44 488 - 44 500 dd ARA - 44 500
"~ Cam Lt Inlake 296 - 214 G - 214 302 302
£ 740 - 5 435 5740 = § 435 _‘J'i?ﬂ .60
"~ Cam Ll Exhaust 206 - 104 206 - 154 a0z 302
5232 - 4927 5,232 - 4927 T.670 T.670
VRD 155 VHD 232 VRO 283 VRD3103105
QiL PUMP
Backlash Ol Pump e 010 - .01 g - .o |
Pressure Gears 0,254 - 0,406 0,254 = 0,408
Drive Shaf Bushing ADG5E - 497 LAUEE - 4ar 4065 - 4555 4065 - 4055
1.0, 1] 12 585 - 12624 12585 - 12 624 12 611 - 12 585 12,611 - 12,585
ve Shalt Gushing 1.0005 - 1.0015 1.0005 - 1.0015 B265 - 6270 BM8E - BET0
1.0, {Battom) 25,413 - 25,438 25413 - 25,438 15,813 - 15,826 15,913 - 15926
Diriver Shalt Aunnang A5 - 4045 L[ T D45 . 404 L4045 - 404
| Surace C.0. (Top) 12,573 - 12,560 12,573 - 12,560 12,560 - 12,547 12,560 - 12,547
Dvive Shalt Running 1,000 - G585 1.000 - 9995 B245 - 5240 G245 - B340
Surtace 0.0, (Batiom) 25 400 - 25 387 25,400 - 25 387 15862 - 15850 15,882 - 15,850
Idbar Shah O.0. 522 - B225 BE22 - E225
15,7849 - 15,811 18,794 - 15,811
[dlar Gear 1.0 G206 - G265 08 - Bohh
15,900 - 15,913 15,800 - 15,913
VRD 155 VRD 232 VAD 283 VED 31105
ROCKER ARMS
Rocker Am 1.0, 7445 . T455 7445 - 7455 7445 - 7455 7445 - 7455
18,910 - 18,935 18,910 - 18,836 18,910 - 18,936 18,910 - 18,5935
Focker A Shaf .0, AA2 - Tad , ., Ta2g ., 7425 - T
18,847 - 18872 18,847 - 18,872 18858 - 18 885 18,855 - 14 885
Rocker Arm Funndng L0015 - 0035 0015 - 0035 001 - 003 001 - 003
Clearanos 0,034 - 0,088 0,038 - 0,088 0025 - 0,078 0,025 - 0,076
WHD 155 VAD 232 VD 283 VRD 3103105
FLYWHEEL HOUSING
[~ Fllol Bearing Runoul 005 005 [iiL} 005"
0,127 mm 0,127 mm 0,127 mm 0127 mm
Fhywheel Face Aunout ooa" ooa O0E ooa"
0,203 mm 0,203 mm 0,203 mm 0.203 mm
Fhrahael Hausing [ .0oa il oa®
Bora Rumout 0,152 mim 0,203 mm 0,203 mm 0,203 mm
Fhrahesl Housing 008" 05 U ADoa*
Faco Punoui 0,152 mm 0,203 mm 0,203 mm 0203 mm
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ENGINE TIMING DATA

VR Matural Gas and Gasoling Ignition Timing

VAG 1588 VAG 232 VRAG 265283 VRAG 310
Distributor Timang TDC @ 450 RPM TDC @ 450 APM TDC @ 450 APM TOC @ 450 RPM
[Gasoline)
Distributar Timing TOC @ 450 APM | TOC & 450 RPM | TDC @ 450 RPM | TDC @ 450 APM
(Matural Gas)
Magnata Timing HEOC Y 20 B10C @ 20 BIDC @ 200 B10C @
| Gasaling) 12 - 1500 APM 12 - 1500 RPM 12 - 1500 RPM 12 - 1500 AFM
24" BTDC & 24" BTDC @ 24" BTDG @ 24° BTDC @
16 - 1800 RPM 16 - 1800 RPM 16 - 1800 APM 16 - 2200 RPM
28" BTDC @ 26" BTDC @ 26° 6TDC @ 26*BTDC @
19 - 2200 RPM 19 - 2300 RPM 19 - 2200 BPM 19 - 2400 RPIA
Magnaio Timing 20"BTDC @ 20° BTDC @ 30° BTDC @ 30° BTOC @
(Mabural Gas) 12 - 1500 RPM 12 - 1500 RPM 12 = 1500 RPM 12 - 1500 APM
24* BTDC @ 24" BTDC @ 347 BTDC & JE° BTDLC @
16 - 1800 AP 16 - 1600 RPM 16 - 1800 RPM 16 - 2200 RPM
28° BTDC @ 26" BTDC & 36" gTDC @ 38T BTDC @
19 - 2200 RPM 18 - 2200 APM 19 - 2200 RPM 22 - 2400 APM
Timing Gear Backlash Valve Timing
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TIMING GEAR BACKLASH DIAGRAM

Mole: Backiash stated for reading with a dial indicator. If feeler
gauge is fo be wsed, backlash will be 004 - 006"
(0,101 - 0,152 mim).

TYPICAL VALVE TIMING DIAGRAM

Timing Gear Bushings

ki VARG Series VAD Series
BGovamaor Gear Bushing 1.0, 10022 - 1.0033 lfler Spindle Bushing 1.0. 1.0015 - 1.002
. 25458 25 476 25,438 - 25,451
Governad Gear Hub O.0. = I Idher Spindle .0, 1,000 - 5
25,375 - 25,387 25,400 - 25375




SCOPE

Theze are ganeral installation requiremants. For more
specific and detalled installation requirements, edar to the
Arrow Specialty Company Instaliation Manual,

AUTOMATIC STARTING

We recommend the inglugion of lube ail heaters and
autematc prelube systems lor inslallations of Arrow engings
which are subjected to unscheduled awtomatic starts and
instantaneows loading.

SPACE REQUIREMENTS

In order to ensure adequate access lor enging installation,
venlilation and in-service maintenance, engine location musl
ba caretully considarned.

The engines describad in this manual require & minimem of
24 inches betwean engines or batwaen engine and wall. End
clearance required to remove camshall is 36 inches,
Sulfichant svarhead claarancs is required 1o panmil the use of
a chain hoist tor removal of heayy engine parts. The haaviest
part of these engines is the crankcase which waighs
approximabely 270 bs,

Te prevent foselgn objects from enterng tha enging, leave
covirs on all angine openings until ready to connect the

openings during installation,
STATIONARY INSTALLATIONS
Englne Foundatlons

Mearly all stationary S applications require a foumdation
of mounting base. This base serves 1o isolale the engines
from the surrounding astructure and absort or inhibit
vibration. A base provides a permanenily accurate surace
upen which the enging (and wsually the driven equapment)
may ke mowenled and aligned. To sere these puposes, the
foundation must have a suitable size and mass, rest on an
adequate soil or bearing surface, be provided with an
accuralely finished mounting surace lor the engine, and be
equippad with propary sized relaining bolle in the comect
lacalions lo secure the enging firmly in pasition,

Mounting

No enging will padorm propedy if incormeclly installed and
aligned. Amy misalignmeant of mountings imposes stresses
on engine structure with possible damage 10 flywheeal
housing, Thwheels, crankshals and thrust baarings. When
making & new inslallation, a wall-planned armangsmant of the
fual, water, and echaust sysiems is iImporant. Because of the
variaty of power application, the YA Series engines will be
found mounted in mobile and stationary applications. In all
cazes it is most importand thal proper mountings be selected
for the specific application. If the engine and driven
equipment have separate loundations, alignment s critical,
T insure proper alignment inspect foundations for weld
apalled, burns, lorsign malbes o unaven surfaces. I is plainky
a wasle ol lime 1o altempd alignment il the loundalion & nol
levvel and clean.

Alignment

N is always desirable to have some shims under bath engine
and drven equipment so Tulure alignment problems at time
of rebuilding or replacement will not present a problem.

The nature of ary shimming procedure is essentially “cut and
iny". Use easily cul steal or brass shim stock to make up trial
shim pads. Remember the area of the shim pad must be large
enaugh 1 suppod the weight of the engine whaen the bolts are
Hghtened.

After the engine has been lveled and tightened down, the
driven equipment can be aligned, In the case where the driven
equipment is mounted permanently, tha engine will have to
b alignéd relative to the driven equipmienl.

When enging and driven equipment are mounted on a
common skid base, shims should be used under both unils
which will compensate for roughness and unevenness of the
rollad of tabricated skid rails. This will alse provide shims
under drive and driven units for final alignment. Usually the
heaviest machine s permanently mounted and the Bghtest
aligned o the hoaviest,

The correct aligning procedure may vary slightly with
difterant types of dive aquipment, Many manufaciurars of
driven equipment will specity the methed used o align their
equpment In general, The objact is the same: 15 make the
driven shaft concanliric with the driver shalt and to make 1he

centeding of the driven shaft parallel with the centadine of tha
drvar shatt,

It at all possible, final shims ehould be steel plates of such
thickness that caly the last few odd thousandihs nesd ba filled
oull with thinner shim stock. Ahways use shims of adequate
width to permit the full base mownting ama o bear an them.
Do ot shimi just the ouler edge of the engine base,

PREPARING UNIT FOR SERVICE

Inzpect all identilication and data plates and comply with all
servicing instructions. Compare data plates with information
contanad in invoices or packing slips 19 nsure receipt of
equipment as ordered,

Inspect antine angine for damage, loasse connections, broken
ar sharply bent lings, and loose nuts or bolls. H tapa or
temporary coverings are lorn or missing from engine
openings, such as intake, exhaust, waler of fugl, a thorough
ingpeclion is required to determing the possible prasence of
foreign objects in these opanings.

Theit shisps naedad to bring an enging into active serice are
bagacally the same for 8 naw engine or one that has baen in
slorage. In addition to a very delailed visual inspection, chack
for free rofation. Any accumulated dust and dirt should be
wiped or washed from the exterior belore removing engine
opening covars. Engings that have nat baan rotabed b soma
tima should be oiled through the spark plug or injector
openings and cranked by hand before actual running. Amy
resistance to free cranking should be investigated; nest and
COMSSION can cause severe selzure thal cannol be cleared
without enging disassembly.
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Mewvar atiernpt to siart & diesel engine that has been stored 4,
without first inspecting intake passages and manifolds for
thickenad preservative oil, Then crank 11 aver with the
injectors out. Spurting oil, water or preservalive compound

from these openings indicates the possibility of a hydraulic

leck. Confinue to crank enging with starer until bgusd is no 5
longir epecied from openings.

Allow 15% resarve Tor varialions in application and
environmental conditions, i.o., wind direction, dit and
debris. This is in addilion to normal design lauling
factors.

When possibility of using 50-50 solution of ethylens
giycol exisis, radiator core or cosler area should be sized
15% larger since there is a 15% reduction in heat
transler cosfficient for ethylene glycol when compared
with wialer

Fill the crankease with proper grade and viscosity oil to the
full mark on the oil depth gauge. Fill oll bath air cleanars with
anginge cil 1o proper level &5 required.

6. Selact radiator or cooler for highest ambient or soa water
temperature that will be experienced in operation. For
radiators, allowante must be made for air lemperatura
rse across engine wilh blower fan, or in engine room if
suction fan is wsad.

i conditions parmit, the cooling system should be filled with

solt watar. Alter the cooling syslem has been checked and

any leaks have been repaired, drain a portion of the waber

and add an inhibior or antifreazs as required. Solubla oll may

be used as an inhibitor, one ounce o per gallon of coolant,
7. Radabors and surge tanks must have 7 psi presaUns Cips,

Fill the fued tank with appropriate fusl. Tha fusl supply should

be checked lor adequate flow as woll as leads. Diesel engine 8,

supply i considered adaquate when thaere is a solid strearm af

tuel al the inlet 1o the injection pump. All air should ba purged

from the diesel fusl system. The diesel fuel system 9. Provision must be made for balance line connection to

should be hand primed untill the oparator dotermings that fusl engine pumg suction to prevent pump cavilation.

s defivered lo the injection transier purnp. Ovrdinarily it is nol

necessary 1o purge the fuel ines between the injection pump 10. Adequale expansien velume far complate cooling

and the injectars. If necessary, this can be done by loosening aj'atnmnwnhapmammmdlatummmmwrga

the injactor ines at the injectors and cranking the engine untl lank.

solid fuel is ejected during cranking.

Provision must be made for de-aeration of coolant, such
a% divided top 1ank or separals surgo lank.

1. Maximum back pressure, feading into radiator or cooler,
Check connections for proper battery polanity, Pour the ackd should not exceed 5 psi al 2000 APM.
infe the dry balteries and se& thal the battery plaies are
covered with solution, Connect the batteres and contrel wiras 12. Maximumn inlet head to jacket water pumg is 20 hoet of
When a dry charge battery is used, the battery should be walar,
chirged prior to usa,

Recommendation for Specitying a Radiator or Other Cooler

COOLING SYSTEM

Cooling System Deslgn

Pramatura anging component failures and abnormal
operating and manlenancs conditions can oftén b raced to

improper design or sizing of radiators or other coolars,

Arrow Spaciatty Company will not be responsible for engine
or component lailure when the following cooling system

design and application recommendations are not followed,

Recommendation lor Specifying a Radlator or Other Coolar

Design for Continucus Duty Oparation.

Design for Intermittent or Standby Operation:
Same as for Conlinuous Duty Operation, except:
1. Use200°F, (instead of 185"F.) engine outlet temparaturs,

2. Allow 5% (instead of 15%) reserve for variations in
application and environmoental conditians.

Recommendation lor Specifying a Radiator or Other Coolar
Design for Torque Comvertor  Application,

When the engine cooler is used lor cooling a lorque converer
in addition to the engine, the core o cooler sudace should ba
at st 30%: larger than the core reguired lor the engine alona.

1. Use 1BO°F (185°F. for VR155) engine water outle
temperalure. On compressor applications, wse 180°F
engine water oullel lemperature 1o agrea with AP

CODLING SYSTEM INHIBITOR

Standard 118

2. Base water flow and temperature fse across radiator cone

or cocler on jacked water pump curve.

3. Fressure drop through radiater core or cooler with full

waler llow at rated speed must nol exceed 3 1o 5 psi,

To prevent rust when using water alone, elther use a
recommended corroskon preventive or inhibitor, or add one
ounce of asluble oil for every gallen of coolant in the cooling
System.




Radiator Fraazing
Ethylens Glycering Points
Ghycol [E.PA) “F, G
16% 3T 20 -7
25% 55% 10 -12
33% T0% ] -18
39% B1% -10 23
44% §2% -20 et
48% 100%: «30 -35
Coaling System

Installation Aecommendations

After the cooler installation is completed and prior 1o filling
the cooling system, clean all dirt and welding spatber from
low points in the system. Flush accessible sections of the
piping and cooler to eliminate &% muech di as possible pror
e oparation of the engina.

After filing the system, check closely for leaks. Tighten all
clamps and Mtings prior o engine start-up to avold loss of
lima al start-up.

The following installation suggestions are offered 10 irmprove
cooling eyelam perlofmance and make lulure maintenance
gasier and lass time consuming:

1. Mount all ceeling sysiem componanis such as waler
infol connections, control vahwes, and raw waler pumps
wilh al least enowgh clearance to permil normal
maintenance and removal and replacement of
accessories al the frent of the engine without major
digrugdion of the cooling sysiam.

2. Use suitable couplings $o large portions of the piping
and valves and raw water pump complex may be
disconnaciod and moved aside sz a unil for engine
repair and maintenance, This avoids removal of individual
pieces of pipe and “warking Backwards” to reach a given
ihreaded connaction

3, Provida comenient drainage points 1o remove water lrom
both fresh water and raw waler aysiams,

4. Provide easily opened air vents to remove alr blocks lrom
cooling system piping and allow immediate priming of
syslam,

2. Mount all belt driven waler pumps g0 bells may ba
tightened easily while operating, Locate pump couplings
and drive pullays =g packing can bé ramoved and
replacad withowt major disassembly or pumg removal.

8. Keep the sysiem clean|

7. Avoid electrolysls; vse zine anosdes or otheér cathodes
protection,

AlR INTAKE SYSTEM

Huge quantities of combustion air are required for all intamal
combustion engines. Combustion air requirements for VR
Series engines may ba obtained Irom your Arrow sales
anginaas,

Cenain faclors must be considered to ensure an adequate
clean supply of combusiion air for internal combustion

engings. Thase are &8 lollows:

1. Combustion air required for engines installed in heated,
air conditioned buildings may upset heating and ventd
ating caleulations unlass it iz supplied via an exdermal air
intaks.

2. I an external air intake i required, it must be suitably
designad to supply intake air of the proper lemperature
range (high intake air temparature results In power loss
while extremely cold intake alr may hinder starting of
automatic standby unils), to prevent pick wp of exhaust
gas materals or exhaust from olher industrial cperations
(such &s foundry dust or paint spray), to prevent pick up
of flammable vapors, and to prevent entry of rain and
waler.

3. All ducting, as well as air cleaner to manilald

connections, must be airtight o avoid the Intake of
unfiltared air.

4. The restriction through the air intake system must be kept
to a minimurn, Resticted inlats, sharp or numerous bands
and undersized ducting will all increase restriction
URRABCHESArihy,

5. Engina heat radiation will atfect amblent air temperatures
in building installations. Proparly located infake and
exhaust lans will be required when necessary to ventilale
enging rooms,

EXHAUST SYSTEM

The huge quantities of combustion air consumed by intemal
combuglien engines must be properly exhausted after
combustion occurs. Therefore, every possible provision must
be made to minimize restriction with resultant back pressure
of an exhausi system.

Some of the adverse effects of excessive back pressure
are x5 of power, poor fugl economy, excessive valve
temparalures and engine coolant overheating.

M exhaust back pressurs is found to be excessive, check lor
undersized piping, undersired or inefliclent silencar or
muliler, of excessive bands or restriclions in the exhaust line,
Comect any deliciencias,

Exhaust pipes must be adequately sized and supported. A
condensale trap and drain must be provided at some low point
ahead of the engine exhaust mandold. The back pressures
caused by elbows and other pipe bends prohibit their uss in a
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well dosigned exhaus! system. Always use welded tube tums
with radiug of four or live diamelars. Multiple exhaust
connections to & common header are nod recommended, as
this can result in erratic operation and damage.

Somelimes, pulsing effecis can set up interderences in a
single straight papa, thug making it advanlageous in evary
installation to locate the silencer as coge to the engine as

possibla.

Attention must ba given to adequale silancing ol the engine,
A% unnecassan noise is objectionable and a public nuisancs,
Objectionable noise is unnecessary today with the avadabls
mutflers which can be used for silencing.

Before using any vent passage or chimney in an existing
structure not specifically designed for service as an engine
exhausl passage, il should be carefully checked lor
compliancs with all fire and vanting codes. It is extremaly poor
practice o discharge engine axhaust inlo a bhick, tile, comant
block, or siructure of ke material. The charscieristics of the
exhausl pulsations are very capable of causing severa

siruciural m

Exhaust flow requirements for VR Series engines may be
elbtairuid from your Amow salas enginear.

Maximum dislortlon of {lexiblea exhaust
connaclor, due lo connected exhaust
piping is = 1/4 inch offset and = 1/4 Inch
addal deflection.

LUBRICATING OIL SYSTEM

Lubricaling oll specilication recommendations ame contained
in the Preventhe Maintenance Unil. The installalion should
inchde adequate provisions lor draining lube ail,

Angular Operating Limits

The angular operaling limits are important to successtul
operation in many engine applications. Engine users should
be cautioned when job requirgmenis pul the engine al
extreme angles. This somatimes occurs wiven machines have
been modified for jobs different from their original purpose
without proper consideration to the type of oil pan or oil purmg
used. In other cases the ramps or siockpiles on which the
maching is working are too steep and the énging loses ol
peckup each time the engine i tilled. Obwiously, loss of oi
pressung, even 1or brig! pehcds, can have destructive results,

Maximum engine tilt angles outlined balow are for
infermittent pariods only; B one minwle duration in & minutes,

Right & Lt

Qil pan & Front & Rear Side Down

oda Pump RownAngle  Angle
VR185 Standard 15 15°
VR232 Standard 15 25"
VR265  Standard 15° 30"
VA283  Standard 15° a0°
VYR30  Standard 15° age
VRI105 Standand 15 0=

Conlinusous duty operation at any anghe is nol permitted
unless approved by Arrow Enginesding Departmant,

FUEL SYSTEM

The fuel piping, it a remole fuel tank s used, musl be
adequately supported 10 prevent breakage from weight or
vibration, A flewible section should be installed in the line, or
linas, as clase to the engine as possible. Back flush all fusl
lines info an open container prior to linal connection. This
sample procedure will further aliminate the possibility of fusl
contamination. Connections and couplings must be tight to
eliminale leaks and air lnakage inlo the fuel system,

Industrial angines may require a different piping arrangemant
io suil application peculiaritios and performance demands.
Generator sots, for axample, are particulary sensitive to alr
and usually require 8 separate electrically or mechanically
driven auxiliary supply pump 1o deliver fuel, at kow pressure,
to the unit day tank. This places a posithve head of fuel at the
tranglar pump and virtually sliminates entrance of air to the
systam. (See accompanying illustrations.)
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Froper selection of piping sizes, fiter capacities and layout of
the system musl be made lo prevent undug restriction which
would affect pump and engine parformance. Of egual
imporance is the necessity lor ulmost cleanliness of fuel
bifore and during handling. Admission of minula foreign
particlas, aven in small quantities, will séficusly wear the closa
clearances necessary to seal the engine against intemal
hydraulic leakage,

Chriside storage, as well &% vehicle and unit lanks, should be
guarded against enfrance of dinl, They should have draing 1o
remove water and setilings parodically, be adequatedy vented
and kept as full as possibla 1o preven! condensation.
Attendant piping should not be galvanized. Rigid cbsenvance
of tuel cleanlingss standards from time &l purchase to
ultimate wsa will do much lo assure trouble-free operation.
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{FUEL SUPPLY PIPING DIAGRAM)

Mever use gahanized of zing allay piping in
the fuel system. The sulphur i the fuel will
corrode these maetals, gumming up the
injeciors and the injectan pump.

CHECKING FLYWHEEL AND HOUSING
AUN-OUT AND CARANKSHAFT ENDPLAY

Even with the best mainlenance, an engine can encountar
irouble if such things as proper maunting, alignmant with othar
equipment, llywheel and housing rungul and sufficient
crankshalt endplay are disregarded in the intial nstallation
of in subseguent relocations of the engine. Although llywhes
and housing runout and crankshafl endplay are firmiy
established within limils at the Tactory, such things as rough
handiing or improper installation of power takeofls ar clulches
may adversely aflect these clearances and lesd 1o sarous
enging damage. These itemsg should be checked prior to

OpErElion

A major aclor in oblaining long service life from any angine
and clutch or power lakeoff assembly is the proper alignemen
of the flywhesl housing, ilywhesl and pilst bearing bore.
Distortion of lack of & common center on eithar of thesa pans
will set up forces sure to be destructive lo bearings,
crankshaft, clutch, and the driven egquipment, In addition,
because of normal manufaciuring tolerances, when an
enging ig installed in & mounting formerly occupied by
anather enging, it is not sale to assume thal the dive shal of
the power takeoll will automatically line up with a coupling
lacated for the previous engine. In suth circumstances,
gither the engine mounts must be shimmed or adjusted, or
the driven mechanism must be relocated and adjusted & fow
thougandths to being the anging drva ine lrem crankshalt
bearing o driven shaft coupling into good alignmant,

Make the lollowing check for flywheel housing bore
concnncity

1. Support a dial indicator in the same general manner as
shown and chack the runout of the housing bore all the
way around.

CHECKING HOUSING BORE RUNOUT

2. I the ywheel housing is out of aignment, loosen all of
the fywheel housing bolts and procesd as follows.

3. Use a small bar insertad in & bolt hole 1o correc
misalignment until the unout does not exceed 008" {006
lor WVAD and VARG 155 lotal indicalor readeng,

4, Tighten balts padially, working back and lorh serogs th
housing. Recheck bore concentricity with dial indicataor.

Relocate the dial indicator as shown to indicale the flywheel
housing tace.
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1. Houging tecs runoul should not exceed .008° (006" for
VRAD and VRG 155) todal indicator reading, IF comaction
is requined, it ahould be done with a culting tool mounted
on & radius arm and Srmly attached to the fhywheol, Thus,
by rotating the crankshafi by means of a suitable drive,
the cutting ool will dress the housing face info a plans in
glignment with the camkshafl flange.

2. Whean making the above inspection, it i3 vary imponant
not to be misled by end movement of the crankshall. To
privant this, usa a pry bar 1o bring the shaft into full
lorward posilion al each poinl where the indicator
reading I3 taken,

CHECKING HOUSIMNG FACE AUN-OUT

Mount a dial indicator on tha fywheal housging as shawn dnd
check the runowt of the pilol bearing bore. Runout should nat
exceed 005" 1otal indicator reading.

Remount the dial indicator as shown 19 maasure e runout
aof the fhrwheel face. Again, it is emphasized that sach
reading musi be laken with the crankshaf moved all the way
forward to contacl the thrust bearing. Unless fough handling
hag somehow distorted the wheal or crankshall flange,
maximum runaul shoulkd notl exceed 008 folal indicator
reading.

Mgasura crankshalt endplay with & dial indicator mounted on
the crankcase. Lse a small pinch bar 1o mowve the crankshatt
fully forward. Set the indicalor at Zere and use the bar o thrust
the shaft 1o fully rearward. Check endplay reading on dial
indicitor with the toleranca given in the Fils and Clearances
gection,

CHECKING PILOT BEARIMG
BORE RUMN-OUT

The importance of correct crankshalt
endplay cannol ba owerstressed. Operabion
of an engine having insuflicient or
excesshve crankshaft endplay can result in
sefous damage. Insufficeent clearance will
prevenl proper lubrication of the thrust
surfaces, causing main bearings to
awarheal and lock on the shal




Express Limited Warranty for
VR Products Used in Continuous Duty Applications

CONTINUOUS DUTY DEFIMITEON: Tha Righast kad and spood which can be spplisd, subjact io Amrow Specially Company's ratings in e at
tima of Salks.

.  TERAMS OF EXPRESS LIMITED WARRANTY
Arow Speciaty Compasry warranis That i will rapair o replace, ol it slection and axpanss, amy pan of an anging, or peodias (horeiraiior
redarred 1083 “Products ) manulachaed bry Asow Specialty Comparny, which giidves 1o have had & doloct in malerdal or workssanship. -

L. TERMLIMITATIONS OF EXPRESS LIMITED WARRANTY

A, This covaregs shall COMIMRNGE upon iniial new Pmducts sim-up debe and shall axpine upcn th sarier of the following:
1. 1 yoad ahor B initial ew Products starl-up dab; of
2. 18mpntha afee S onginal shipment daig o T covansd Products by Amow Spocialty Company.

iil. ARROWSPECIALTY COMPANY'S RESPONSIBILITIES UNDER THE EXPFRESS LIMITED WARRANTY
Areow Sppcialy Company shall ba responsitis for

A, Tr regir of replacement, at Arrow Spoecialty Company's iskesction of covared defecsm parts and all reasonakis labor rquined regarding &
waranied inlie during the express limited warmnby and S, All such labor shall ba prerided By Arow Spocialtly Company's authorizd
coniracicy of deributor.

B. Aoasonabds and nocoseany Wavel and expenses incumed by Arrow Specialty Comparny's silshod bed confraci o of diesmibulor.

. Replacemant of lubricaling cil, cooland, filler alemants, of ofhaf homal manbenancs S that am contaminaind ansior damaged o3 &
dirct rosull of a warmariod labung,

HROTWITHSTANDING THE FOREGOING, ARRDW SPECIALTY COMPANY SHALL NOT BE RESPONSIBLE FOR LABDR COSTS
ASSOCIATED WITH WARRANTY CLAIME.

¥, OWNER'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY
Cratui shall ba responsible ior

A, The cptrafion ard mainbenancs of th Products within the guidalinas sslabizhed by Amoe Speciaity Compamy.

B, Making e Products avalable io Amow Spociality Company of Armcw Specislly Company's authorined contfactons or distribulons for any
wRrTArty Fopdi, during nommal Bausinnss Rourn,

Al pditional costs inciarnad Bor premium or ovarimas b, should camer nequaal thil reqains be made ona premiem ovedime schoedul.
Al costs InCiwTind gel ey ressult of resmoval o rensialation of e Products os may be nequind to efect amy wirmanied recair,

Al acdministrative cosle amsd gepandad resulting feom & wasranied Fallurs.

sty costs ol irspontialion, kwing, repair faciiies, of aesociated costs.

Lo o novesnue mnd ioess olor damugn b rédal snd/or personal Cespanty

eEmOG

V. LIMITATION OF ARROWSPECIALTY COMPARNY'S OBLIGATIONS
MW‘““WW““MHWﬂWMMWNM.ﬂWWW
shall ngt. thivididior, be mespansible bor

Arsy nien fasUting Srom Crwner or opanaion Al oF Rglect, Inchuding bul net by way of limitation, any cperacn, installation, application,
OF RSN AROD PRECEce not in pocordance with guidalines or spocificaticns axtabiithad by Arow Specialty Company; or

Arsy Bailure psulng leom unauthonzed modil calon o smpains of the Products o

vy Tl reu ing R onvarioad, ovarspesd, cranrial, Bockiant impropes SIoenge; oF

Failure cf cwennr b pROmpsy provida notios of a daimad delect; o

Faslura of Products for which Arow Spocialty Compansy did nel necaive peopary comphsled #lar-up repors; of

Fiepairs of a covensd Eadurs parfiommd with non-gonuina A Spacalty Companry pars: of

RAepsirs of & covwend Tailin paramnid By fon-authorized conlrecions of destribuions; or

Failure o make Products svaiiabie 1o Amow Spacially Company of i3 suihaized reprasontatheg, of

Failuns b supply dooumaents such & dewings and specilications milating io ihs spocic applicason of (he Praducts,

>
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Vi, APPLICABILITY AND ENPIRATION
Theh wlFRntiag gt out abcw aro cxtendod o sl fwmaes in e odginal chain of deinbuion. Tha wananbos and chligations of Arow Spacialty
Comaaiy gdhall axping and be ol no further efec] upo the dalss of axpletion cf the apphcalds warmanhy pariods,

Thas Ipesgiang sste krth Asmow Specialty Company’s only oblgations and owrses” aechisii nemady lor breach of wasraity, whither such claims ams
based on brasch of contrect. o (Inceding neglgencs and sinct Eabiliy, or ctfes Theones, and the lsregoing is axpmssty in ey &l other wamntias
whalsceses axpraasnd, implisd, and stabsory, incuding withoul limitation, tha IMPLIED WARRANTIES OF MERCHANTABILITY AND FITHESS

Nobwirstandirsg i preceding. in nd even shall Arow Scociaky Company ba Bablo for any dieped, special, incidanial or consaqustatial damages
[whethor denominaled in coniriet, (o, strict Eablity, negligence o ofhar iheorss) arsing out of this Agreomant or tho uss of ary Products provided
undor this Agrgarsnl,

Arry action angng harpundsr of relatng farato, whethor based on braach o contrady, o (inchading reglgencs and siricl Rabiity), o other thaarios
st b commenced within ona [ 1] pasr afsr the cause of achon serues or it shall be bamad

| | ©



Express Limited Warranty for
VR Products Used in Stand-By Applications

STAND-BY DEFINITION: A product used as hackup or secondary source of slaciical power, whech oparates at Amow Specially Comparn's stand-
Ery raling, for th dusation of & PrrmD Dowed Soaite cuiage.

L TERMS QF EXPRESS LIMITED WARRANTY
mmmmutwmwm.uhqum.wmﬂmm.mmtm
rednrnd 1 A8 “Products”) mardactuned by Amow Specialty Compdnry, which proves 10 have hid & defect in matenal of workmarahip.

I, TERM LIETATHNSG OF EXPRESS LIMITED WARRANTY

A This coverage shall commence upon inital new Products stant-up dale and shal axgice upon the aarior of the lolowing:
1. 36 monghs atier the inibial nes Products i m-up dabe; od
2. 48 months afer the onginal shipmant dabe of ths sovsmd Products by Armow Spacialty Compary,
X 2100 howrs of cparaton of the covansd Products.

. ARROW SPECIALTY COMPANY'S RESPONSIBILIMES UKNDER THE EXPRESS LIMITED WARRANTY
Arrow Spociality Company shall be respongsbi fon

A. The repair ar replacoment, a1 Arow Specislty Company's sloction of cvived delective parts and all masonabie Labor required regasding &
warraried fnilure during the oxpress Emiled warranty and form. Al $uch labor shall bs peovided by Argw Spcialty Compary's swthanzed
coriracion oo distribuior,

B, Raasonabio ard necessany el snd opensss incurrad by Armow Specialty Company s authonzad conirpeion or distribulor,

C. mﬁwd.mmrMMMmmmmMnmwmwau
et rodull of 3 warranted falure.

HOTWITHSTANDING THE FOREGCING, ARROW SPECIALTY COMPANY SHALL NOT BE RESPONSIBLE FOR LABOR COSTS
ASSOCIATED WITH WARRANTY CLAIMS.

. CWNER'S RESPOMSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY
Cramd Sl B responsibla for

Thea opsarasion and maintenance of the Products within it guidelings sstablished by Astow Specialty Compary

Making the Products vailsbie b Amow Spocialty Compary of A Spoecialty Compary's authonined contracion o distrtnrions for any
wiTEnly MQair, Suring Romal business kours,

Al pdditional costs incurred lor pesmium o vortimas lbor, sheukd dwres imouest thal repairs b mades on & peamium ow e scheduls,
AL crots incuirmind B8 P el of removal o roinsialalion of B Products as many ba nesguinid i slect sy wasmsningd negair,

Al gdminestraliep costs and aepaneis MEuting hom a wamanied s,

Aty costs of rensporia ion, iowing, npair aciities, or assockabed costs.
m:mrmmwmwhummpm.
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V.  LIMITATIONOF ARROW SPECIALTY COMPANY'S OBLIGATIONS

mmdmwwmmmmmmuﬂuhmmmmmmwm
whall net, shaneahor, be responsibio for:

A, Anylalure nesuiting Irom owmes of oparaten Bbiuss oF neghoct, including bl ped by way of limitaion, any Gparalion, irstallation, appllestion,
wmmmmhmmmwmmhmmmm

Ay Railura Posulting from wanthonzoed modidcations of mpain ol e Products or,

Aty Faikine iulting noen cvirioad, ovorspoed, wertasl, socident, Impropar sioenga; o

Faslura ol cwmar 12 promgily provide notios of a claimed delect: o

Faslure of Products for which Amow Spocialty Compiany ded nol necehn proparty compliied s8a-up repors; or

Fopairs of 8 covend taiuns parommad with non-ganuins Arew Specialty Company pars; of

Aopars ol & covaned Mshirs padomned by non-auticnzed coaniraction or distribulors; or

Failure to mako Products pvailabls o Armow Specialty Compasy of s sulhorized repensentaths, of

Failure lo supply documants such &3 dravings and spocifications reliting i the specific application of ths Products.

¥l APPLICABILITY AND EXPIRATION
The wasrantios sot oul abowve arm axsendad 1 8 cwnars in the orginal chain ol desinibution, The warmanties and ctigations of Amow Specislty
Company shall gapine and ba of noburthss slact upon the datos of gxpembon o thas applicable warmnky panods.

mmmmwmww:wmmmmrmmmmuummm.mm“
basod on bredach of contract, fort (including reglgence snd strict Babiity), or ot Shiones, and tha fomgoing ks axpmasty in beu of o warsnbes
whaksoerer QQIEs50d, implipd, ared stadogony, nciudin] wishout Bmidation, thy IMPLIED WMEEMHEWABMWMHWESS_

o -ETT-T-T

Hotwitstanding B proceding, in ng aven shall Arvow Spaciaity Compary Do kalso sor ainy dinsct, spoacial, incldanial &r consequential camacgg
[whathar denaminaled in contract, bort, strict liskdiy, naglipsncs o other thacses) arting dulof this Agroamant o th e of any Products provides
undar this Agroomn.

i-'rrmhmrhngMfw'dnrwm-:n-m.mummmmﬂmmfmumgwwmlm.uwm
musl ba commoncod within one (1) yoar Al the causs of acion accnses or i shall b Barmed.
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