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OVERHAUL MANUAL - TEXTRON LYCOMING DIRECT DRIVE AIRCRAFT ENGINES

TO THE OWNER OF THIS MANUAL
IN ADDITION TO THIS MANUAL AND SUBSEQUENT REVISIONS, ADDITIONAL
OVERHAUL AND REPAIR INFORMATIONIS PUBLISHED IN THE FORM OF SERVICE
BULLETINS AND SERVICE INSTRUCTIONS. THE INFORMATION CONTAINED IN
THESE SERVICE BULLETINS AND SERVICE INSTRUCTIONS IS AN INTEGRAL PART
OF, AND IS TO BE USED IN CONJUNCTION WITH, THE INFORMATION CONTAINED
IN THIS OVERHAUL MANUAL.
THIS OVERHAUL MANUAL, THE ENGINE OPERATOR'S MANUAL, AND ALL APPLICABLE SERVICE BULLETINS AND INSTRUCTIONS ARE ISSUED IN COMPLIANCE WITH F.A.R 21.50, AND SHALL BE USED BY MAINTENANCE PERSONNEL
WHEN PERFORMING ACTIONS SPECIFIED IN F.A.R 43.13.
For a period of three (3) years new and revised pages for this manual will be furnished to
owners, who fill out the registration card and return it to Textron Lycoming. Registered owners
of this manual will be notified of any changes in revision policy or cost of revisions.
Service Bulletins, Service Instructions and Service Letters are available from all Textron Lycoming Distributors or from the factory by subscription. Consult the latest revisions to Textron
Lycoming Service Letter No. L114. Textron Lycoming also publishes an Index of Service Bulletins, Instructions and Letters that lists all Bulletins, Instructions and Letters in alphabetical order
by title and topic as well as a list of Bulletins, Instructions and Letters applicable to each engine
series. Consult the Service Publication Section of the latest revision to Service Letter No. L114
for the current part number of the index.
SPECIAL NOTE
The illustrations, pictures and drawings shown in this publication are typical of the subject
matter they portray; in no instance are they to be interpreted as examples of any specific engine,
equipment or part thereof.

Revised June 1996
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SECTION

Section
1
Introduction

1.

INTRODUCTION
1-1. This manual contains the necessary information
for the major overhaul of the Avco Lycoming horizontally installed direct drive engines. Unless otherwise
noted, all information and data in the manual will apply equally to all models; those portions of the text applying to any one particular model or series will be so
identified.

1-5. Service bulletins, service instructions and service
letters are issued from time totime whenever the engine is modified or overhaul procedures revised. When
received, these publications should be inserted in the
rear of this manual or maintained in a separate file for
ready reference.

1-2. The main portion of the text is divided into sections corresponding
to the basic engine components.
Additional sections are provided for general description, general overhaul and inspection procedures, preservation and storage information, and other items of
a non-specific
nature.

1-6. The followingprocedure
should be followed if, for
any reason, parts are to be returned to the factory.
You may obtain from, but preferably
have your distributor complete, the applicable warranty or rework
form. These forms must include the engine model and
serial numbers, number of hours in service, the reason
for the parts being returned and any other pertinent
facts concerning the parts.

1-3. The tools required for overhauling the engines
(excludingthe
ordinary mechanic's tools found inmost
overhaulshops)
are listed inSSP-2172 SpecialService
Tools. Inspection gages are also listed in the same
section. Any special information required concerning
these tools may be obtained by writing to the Service
Department,
Avco Lycoming Division, Williamsport,
Pennsylvania,
17701. When requesting
information
concerninganyofthesetools,
refer to thetool by name
and part number and not merely by name.

1-7. In this manualall references to locations of various components will be designated when viewing the
engine from the rear. The power take off end is consideredthe
front and the accessory drive end the rear.
The oil sump is considered the bottom. Cylinders are
numbered from front to rear with odd numbered cylinders on the right side.

1-4. Parts catalogs, for specific models, may be ordered from the department
listed in paragraph 1-3.
Because this manual covers the entire series of engines, it is almost impossible
to call out attaching
parts for specific models. Therefore,
it is recommended that the parts catalogs be used in conjunction
with the manual, when reassembling
the engine.

1-8. The direction of rotation of the crankshaft,
as
viewed from the rear, is clockwise on all models with
the following exception. The direction of rotation of
the crankshaft,
as viewed from the rear is counterclockwise on all models withthe letter L in the model
prefix. (Example - LIO-320-B1A).
All references
to
direction of rotation of the various accessory
drives
are as viewed facing the accessory drive mounting pad.

Figure
Revised

October

1974
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1-1
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Figure l-3.
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Section
2
General
Description

2.

DESCRIPTION

2-1. The engines covered in this manual are direct
drive, four, six and eight cylinder, horizontally opposed, air cooled models.
2-2. CYLINDERS. The cylinders are of air cooledconstruction with the major parts, head andbarrel, screwed and shrunk together. The heads are made from an
aluminum alloy casting with a fully machined combustion chamber. Valve guides and valve seats are
shrunk into machined recesses
in the head. Rocker
shaft bearing supports are cast integrally with the head
along with the housings to form the rocker boxes for
both exhaust and intake valve rockers.

2-4. AvcoLycomingincorporates
acolor code painted
on cylinder heads designating differences
in the cylinder barrels
and spark plug lengths. It is essential
that personnel be familiar with this code as described
in the latest edition of Service Instruction No. 1181.

2-3. The cylinder barrels are machined from a chrome
nickel molybdenum steel forging with deep integral
cooling fins. The interior of the barrels are ground and
honed to a specified finish.

2-5. Damage will result with the use of incorrect piston rings or spark plug lengths. The latest edition of
Service Instruction No. 1037 lists the approved piston,
piston ring and cylinder assemblies
for all models
while the latest edition of Service Instruction No. 1042
lists the approved spark plugs. Consult these publications for correct application to your particular installation.
2- 6. VALVE OPERATING MEC HANISM. A conventional camshaft is located above and parallelto the crankshaft. The camshaft actuates tappets which operate the

Description
of EngineModelCode
Example: TIO

541

PREFIX
Rotation
L - LefthandEngine

T- Turbocharged

EIB4D

DISPLACEMENT
SUFFIX
E - PowerSection& Rating
000*
Cubicin.
I -NoseSection

V -VerticalHelicopter

B -AccessorySection

H-HorizontalHelicopter

4-Counterweight
Application

A - Aerobatic

D-Dual

Note:
(001)"I" Indicates
integral
*Note
ac
accessory
drive

-Fuel Injected

Magneto

G-GearedNoseSection
Subsequent
changes
toModels
arereflected
in thisSection

S -Supercharged
0 -Opposed Cylinder
Figure 2-1. Description
Revised January,

1970

of Engine Model Code
2-1
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valvesthrough
pushrods andvalve rockers. Thevalve
rockers are supported on full floating steel shafts. The
valve springs bear against hardened steel seats and
are retained on the valve stems by means of split keys.
A rotator cap is employed on sodium cooled exhaust
valves.
NOTE
Hydraulic tappets,
which automatically
keep the valve clearance at zero, are used
on all subject engines except the 0-235-C
and O-290-D series engines. These series
employ solid tappets and the proper valve
clearance is obtainedwith the aid of an adjusting screw located in the valve rocker.
Figure
2-7. HYDRAULIC TAPPETS. When the valve is closed,
the face of the cam follower is on the base circle or
back of the cam. The light plunger spring lifts the hydraulic plunger so that its outer end contacts the push
rod, exerting a light pressure
against it, thus eliminating any clearance
in the valve linkage. As the

2-2. Hydraulic

Tappet Assembly

plunger moves outward, the ball checkvalve moves off
its seat. Oil from the supply chamber, which is directly connected to the engine lubrication system, flows
in and fills the pressure
chamber. As the camshaft
rotates, the cam pushes the cam follower and the hy-

- GRAVITY
OILTHRUSHROUD
TUBES
SPLASHOIL TOROCKER
ARMS,VALVE
STEMS,ETC.
DRAINOILTO SUMP
THRUOILDRAINTUBES

TAPPETS
LEFT BANK
CRANKCASE
OIL HEADER-LEFT

PRESSURE

OIL RELIEF
VALVE
DRAINOIL TOSUMP

OIL SUMP

Figure 2-3. Lubrication
2-2

Diagram

- 4 Cylinder

Engines
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draulic lifter cylinder outward. This action forces the
ball check valve onto its seat; thus, the body of oil
trapped in the pressure
chamber acts as a cushion.
During the interval when the engine valve is off its
seat, a predetermined
leakage occurs between plunger
and cylinder bore which compensates for any expansion
or contraction occurringin
the valve train. Immediately after the engine valve closes, the amount of oil required to fill the pressure
chamber flows in from the
supply chamber, thereby preparing for another cycle
of operation.

Section
2
GeneralDescription

2-10. CRANKSHAFT COUNTERWEIGHTS. A system
of dynamic counterweights,
to eliminate torsional vibration, is provided on all six and eight cylinder and
some four cylinder engines. Consultthe latest edition
of Service Instruction No. 1012 for proper combination
and location on the crankshaft.
2-11. ACCESSORY HOUSING. The accessory housing
is machined from an aluminum alloy casting and is
fastened to the rear of the crankcase
and the top of
the oil sump. Accessories
are mounted on machined
pads located on the rear of the housing.

2-8. CRANKCASE. The crankcase assembly consists
of two reinforced
aluminum alloy castings divided at
the centerline
of the engine and fastened together by
a series of studs, bolts and nuts. The mating surfaces
of the two castings are joined without the use of a gasket, and the main bearing bores are machined for the
use of precision type main bearing inserts. The crankcase forms the bearings for the camshaft.

2-12. CONNECTING RODS. The connecting rods are
made in the form of "H" sections from alloy steel
forgings. They have replaceable
bearing inserts in
the crankshaft ends and split type bronze bushings in the
piston ends. The bearing caps on the crankshaft end
of the rods are retained by two bolts through each cap
secured by a crimp nut.

2-9. CRANKSHAFT. The crankshaft is made from a
chrome nickel molybdenum steel forging and all journal surfaces
are nitrided. Earlier
models were providedwith sludge tubes at each crankpin. These sludge
tubes are not incorporated in later models. This is not
to imply that sludge tubes maybe removed and not replaced in crankshafts
originally
manufactured
with
sludge tubes. These tubes must be removed and replaced at overhaul.

2-13. PISTONS. The pistons are machined from an
aluminum alloy forging. The piston pin is of the full
floating type with a plug located in each end of the pin.
Consult Service Instruction No. 1037 for proper piston
and ring combinations.
2-14. LUBRICATION SYSTEM. All subject engines,
with the exception of the AIO series,
employ a full

SPLASH OILTOROCKER
ARMSVALVESTEMS ETC
DRAINOILTOSUMP
THRUOILDRAIN TUBES
ROCKER
ARM
BUSHINGS
COVER
USEOILTRANSFER
WHENNOTUSINGGOV.

SPLASHOILTO
PISTONS,
PISTONPINS,
CAMS,ETC.

GRAVITY OILTHRUSHROUD
TUBES
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G
V

PROP O . OIL
GOVERNOR
IDLERSHAFT
TOSUMP
RETURN

PUSHRODS

TAPPETS

PUSHRODSOCKETS
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OilReturn
Figure

2-5. Schematic

Oil System - AIO-320 and AIO-360

pressure
wet sump lubrication system.
See figures
2-3 and 2-4 for diagrams
of typical four and six cylinder lubrication systems.
See figure 2-5 for schematic of the oil system of the AIO series.

2-15. COOLINGSYSTEM. Theseenginesare
designed
to be cooledby air pressure built up on one side of the
cylinder and discharged, with accompanying pressure
drop, through the cylinder fins.

Crankshaft
Idler
No.
ofteeth26

Crankshaft
Gear
No.of teeth13

No.of teeth 26
Figure
2-4

2-6. Gear Train Diagram

- 0-235,

0-290-D

and 0-290-D2

Series
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2-16. INDUCTION SYSTEM (Engines Employing Carburetors).
Subject engines maybe equippedwith either
a float type or pressure type carburetor.
Particularly
good distribution of the fuel-air
mixture to each cylinder is obtained through the center zone induction
system, which isintegralwith
the oil sump and is submerged in oil, insuring a more uniform vaporization
of fuel and aidingin cooling the oilin the sump. From
the riser the fuel-air
mixture is distributed to each
cylinder by individual intake pipes.
2-17. INDUCTION SYSTEM (Engines Employing Fuel
Injectors). The fuel injection system schedules fuel
flow in proportion to airflow and vaporization
takes
place at the intake ports. In addition, on the TIO-360
and TIO-540 series, a turbocharger
furnished as an
integral part of the engine provides constant air density to the fuel injector inlet from sea level to critical
altitude.
2-18. TURBOCHARGER CONTROLS. The turbocharger
control system consists of three components, namely,
the exhaust bypass valve (waste gate), the density controller and the differential pressure controller.

The position of the exhaust bypass valve establishes the amount of supercharging
delivered to the
engine. Increasing
oil pressure
closes the valve and
increases
power. Decreasing
oil pressure opens the
valve and decreases
power.
The density controller
regulates the oil pressure
to the bypass valve while the engine is operating at
wide open throttle and limits manifold pressure below
critical altitude.
The differential
pressure controller
regulates the
oil pressure
to the bypass valve while the engine is
operating at part throttle settings below critical altitude.
2-19. IGNITION SYSTEM. Dual ignition is furnished
for all subject engines. Several combinations of magnetos and various ignition harnesses
are employed.
Consult the applicable parts catalog for your particular
installation.
Consult the latest edition of Service Instruction No. 1042 for a list of Avco Lycoming approved spark plugs.

Timing
marks
areasshown
when
of No.I crankpin
isat T.C.
Figure 2-9. Gear Train Diagram
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SECTION
3.
GENERAL
OVERHAUL
PROCEDURES
3-1. This manual will describe in separate sections
the complete major overhaul procedures for each individual portion of the engine, thus dividing the manual
for all practical purposes, into a series of individual
handbooks dealing in turn with each component part.
Since there are various overhaul practices and instructions of a non-specific nature, which apply equally
to allbasic engine components, these generalinstructions will be grouped together and described in this
section, thus avoiding repetition.
3-2. No attempt shall be made to include overhaulprocedures for the various trade accessories. These accessories are covered in overhaul manuals published
bytheir respective manufacturer. Only suchassembly
and disassembly as requiredby engine installationwill
be covered.
3-3. Just prior to or immediately after removing the
engine from the airframe, remove the oil drain plug
and drain the oil from the engine.
3-4. Attach the engine lifting cable to the engine and
remove from the airframe.
3-5. Place the skid (ST-278) in the overhaul stand (ST162). Attach the engine overhaul adapter (ST-165) to
the propeller flange and mount the assembly on the engine mounting ring.
3-6. Place the overhaul stand and skid into position
and lower the engine to the stand and remove lifting
cable. The engine is now in aposition to bedisassembled. Specific disassembly instructions are contained
in the applicable section for each component.
3-7. Inasmuch as visual inspection should be made
while disassembling and immediately after disassembly, all individual parts should be laid out in an orderly manner as they are removed from the engine.
No cleaning operation should be performed until this
initialvisual inspection has been completed. All loose
studs, cracked cooling fins, loose or damagedfittings,
and the like, should be carefully noted and tagged to
prevent their being overlooked during regular inspection.
CLEANING
3-8. It is imperative to clean all engine parts thoroughly to facilitate inspection. Two processes are involvedin cleaning engine parts; degreasingto remove
dirt and sludge (soft carbon) and the removal of hard
carbon by decarbonizing, brushing or scraping and
grit-blasting.
3-9. DEGREASING. Degreasing is accomplished by
immersing or spraying the part in solution of white
Revised May, 1972

furnace oil (38-40 specific gravity) or a suitable commercial solvent such as Varsol or Perm-A-Chlor.
Operators are warned against the use of solvents with
whichthey are unfamiliar, since there are many products on the market which are injurious to aluminum
and magnesium. Extreme care must be exercised if
any water-mixed degreasing solutions containing caustic compounds or soap are used. Such compounds,
in addition to being potentially dangerous to aluminum
and magnesium, may become impregnated in the pores
of the metal and cause oil foaming when the engine is
returnedto service. Whenusingwater-mixed solutions
therefore, it is imperative that the parts be completely
and thoroughly rinsed in clean boiling water after degreasing. Regardless of the method and type of solution used, coat and spray allparts with lubricating oil
immediately after cleaning in order to prevent corrosion.
3-10. REMOVAL OF HARD CARBON. While the degreasing solution will remove dirt, grease and soft
carbon, deposits of hard carbonwill almost invariably
remain on many interior surfaces. To facilitate removal, these deposits must first be loosened by immersion in a tank containing a decarbonizing solution
(usually heated). A great variety of commercial decarbonizing agents are available, including such products as Gunk, Penetrol, Carbrax, Super-Chemaco,
Gerlach No. 70, and many others. Decarbonizers,
like the degreasing solutions previously mentioned,
fall generally into two catagories, water-soluble and
hydrocarbons, and the same caution concerning the
use of water-soluble d egreasers is applicable to watersoluble decarbonizers.
CAUTION
Extreme caution shouldbe exercisedwhen
using a decarbonizing solution on magnesium castings. It is recommended that the
use of heated solutions be avoided unless
the operator is thoroughly familiar with
the particular solution being used. In addition, the operator is strongly advised
against immersing steel and magnesium
parts in the same decarbonizing tank, because this practice often results in damage
to the magnesium parts from corrosion.
3-11. Decarbonizing will usually loosen most of the
hard carbon deposits remaining after degreasing; the
complete removal of all hard carbon, however, generally requires brushing, scraping or grit-blasting.
All of these operations demand care onthe part of the
mechanic to avoid damage to machined surfaces. In
particular, wire brushes and metal scrapers must
never be used on any bearing or contact surface
3-1
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3-12. When grit-blasting
parts donot use sand or any
metallic abrasives.
It is recommended
instead that
mildly abrasive
organic substances
such as rice,
baked wheat, plastic pellets, or crushed walnut shells
be used. All machined surfaces must, of course, be
adequately masked and all openings tightly plugged
before blasting. The one exception to this is the valve
seats, which may be left unprotected when blasting the
cylinder head combustion
chamber. It is often advantageous to grit blast the seats, since this will cut
the glaze which tends to form (particularly
on the exhaust valve seat) thus facilitating subsequent valve seat
reconditioning.
Under no circumstances
should the piston ring grooves be grit blasted. If necessary,
soak
the piston in petroleum
solvent and scrape with a
wooden scraper.
When grit-blasting
housings, plug all
drilled oil passages with rubber plugs or other suitable material
to prevent the entrances
of foreign
matter.
3-13. The decarbonizing
solution will generally remove most of the enamel from exterior surfaces. All
remaining enamel should be removed by grit-blasting
particularly
in the crevices between cylinder cooling
fins.
3-14. At the conclusion of cleaning operations, rinse
the parts in petroleum solvent, dry and remove any
loose particles by air-blasting.
Apply a liberal coating
of preservative
oil to all surfaces.
INSPECTION
3-15. The inspection
is divided into three
and dimensional.
The
defects in parts while
size, shape and fit.

of engine parts during overhaul
catagories,
visual, structural
first two deal with the structural
the third is concerned with the

3-16. Visual inspection should precede all other inspection procedures.
Do not clean any parts prior to
visual inspection, since indications of dangerous operating condition can often be detectedfrom
the residual deposits found in some particular
recess of the
engine.
3-17. Structural
failures can be determined by several different methods depending on the part involved.
The following are a few of the methods employed: magnetic particle,
dye penetrant,
penetrant,
x-ray and
various electronic methods.
3-18. Dimensional inspections should be carried out in
accordance with the measurements
and tolerances as
called out in the Table of Limits (Section 10).
3-19. It is recommended that an inspection and overhaul form, containing a list of all engine components,
be utilized when disassembling
an engine. This form
should be prepared so that all inspection and overhaul procedures can be checked off and remarks noted.
This will also assure that no part is inadvertenly overlooked.
3-20. BEARING SURFACES. All bearing
surfaces
should be examinedfor scoring, galling andwear. Considerable
scratching and light scoring of aluminum
3-2

bearing surfaces in the engine will do no harm and
should not be considered cause for rejection of the
part, provided it falls within the clearances
set forth
in the Table of Limits. Even though the part may come
within specified limits it should not be reassembled
into the engine unless inspection shows it to be free of
other serious defects.
Ball bearings
should be examined visually and by feel for roughness, flat spots,
flaking or pitting of races and for scoring on the outside of the races. All journal surfaces
should be
checked for galling, scores, misalignment and out-ofround condition. Shafts, pins etc. should be checked
for straightness.
This may be done in most cases by
using vee blocks and a dial indicator.
3-21. GEARS. All gears should be examined for evidence of pitting andexcessive
wear. These conditions
are of particular
importance when they occur on the
involute of the teeth; deep pit marks in this area are
sufficient cause to reject the gear. Bearing surfaces
of all gears should be free from deep scratches.
However, minor abrasions may be dressed out with a fine
abrasive cloth.
3-22. CORROSIONONSTRESSEDAREAS.
Pitted surfaces in highly stressed areas resulting from corrosion
can cause ultimate failure of the part. The following
areas should be carefully examined for evidence of such
corrosion; interior surfaces of piston pins, the fillets
at the edges of crankshaft main and crankpin journal
surfaces,
and thrust bearing races. If pitting exists
on any of the surfaces mentioned to the extent that it
cannot be removed by polishing with crocus cloth or
other mild abrasive, the part must be rejected.
3-23. SCREWED FITTINGS. Screwed fittings (any
parts such as threaded fastenings or plugs) should be
inspected for condition of threads.
Badly worn or
mutilated threads must not be tolerated;
the parts
should be rejected.
However, small defects such as
slight nicks or burrs may be dressed out with a small
file, fine abrasive cloth, or stone. If the part appears
to be distorted,
badly galled, or mutilated by overtightening, or from the use of improper tools, it must
be replaced with a new one.
3-24. MAGNETIC INSPECTION. All ferro-magnetic
steelparts shouldbe inspectedbythe
magnetic particle
method. The successful detection of structural failure
by magnetic inspection demands skill and experience on
the part of operating personnel. It must be remembered that almost any fabricated steel part will show
indications of some kind, and it is important that the
operator exercise good judgment in evaluating the indications. Too rigid an interpretation
may result in
the rejection of a sound part, while on the other hand,
a part showing a dangerous indication may be returned
to service as a result of a too casual diagnosis. In
general, areas of stress concentration must be watched
closely for fatigue cracks. These areas include such
locations as keyways, gear teeth, splines, roots of
threads, small holes and fillets.
3-25. Proper judgment must also be used in determining the amount of current (amperage) applied; too
little current will not sufficiently magnetize the part,
while too heavy an application will permanently damRevised January,
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age the part by overheating and burning thin areas adjacent to the electrodes. Again, skill and experience
on the part of the operator are of the utmost importance. Consult the latest edition of Service Instruction
No. 1285 for proper amperage.
3-26. CORROSION-PREVENTION. Uponcompletion of
inspection, coat all steel parts with preservative oil.

rinse. After which the part is immersed for 45 minutes in a hot dichromate solution (3/4 lb. of sodium
dichromateto one gallon of water at 180°F. to 200°F.,
quantity as required). The part should be thenwashed
thoroughly in cold running water, dipped in hot water
and dried in an air blast. Immediately thereafter the
part should be painted with a prime coat and engine
enamel in the same manner as prescribed for aluminum parts.

REPAIR AND REPLACEMENT
3-27. DAMAGED PARTS. Abnormal damage such as
burrs, nicks, scratches, scoring, or galling shouldbe
removed with a fine oil stone, crocus cloth, or any
similar abrasive substance. Following any repairs of
this type, the part shouldbe carefully cleaned inorder
to be certain that all abrasive has been removed and
then checked with its mating part to assure that the
clearances are not excessive. Flanged surfaces that
are bent, warped, or nicked may be repaired by lapping to a true surface on a surface plate. Again the
part should be cleaned to be certain that all abrasive
has been removed. Defective threads can sometimes
be repaired with a suitable die or tap. Small nicks can
be removed satisfactorily with Swiss pattern files or
small, edged stones, pipe tapped threads should not
be tapped deeper in order to clean them up, because
this practice will invariably result in an oversized
tapped hole. If scratches or galling are removed from
a bearing surface of a journal it should be buffed to a
high finish. Generally it is impossible to repair cracks;
however, welding operations may be performed in
some parts of housings, providing the area is not a
stressed section of the part. For example, almost any
area of a rocker box may be welded, but no part of the
cylinder head except the fins may be welded.
3-28. PAINTED PARTS. Parts requiring use of paint
for protection or appearance should be painted in accordance with the following recommendations using
material from the following list of approved materials.
Thinner - Toluene or equivalent (AMS3180 or equivalent Federal Spec. TT-T-548). Primer - Zinc chromate (AMS3110 or equivalent MIL-P-8585). Enamel Phthalate resin type (AMS3125C or equivalent MILE-7729).

3-31. ShroudTubes. Shroudtubes shouldbethoroughly
cleaned and dipped in zinc chromate primer thinned to
spraying consistency. After the primer is dried the
shroud tube should be painted on the outside with engine enamel.
3-32. All paint applied in the foregoing operations
should preferably be sprayed; however, if it is necessaryto use a brush, care should be exercised to avoid
an accumulation of pockets of paint.
3-33. REPLACEMENT OF STUDS. Any studs which
are bent, broken, damaged or loose, must be replaced.
The method of removing studs depends on the type of
stud and manner in which it is broken. The procedure
for removing and replacing studs is as follows:
a. If there is sufficient thread area available on
stud, use a collet grip tool consisting of a tapered
collet that threads onto stud and a housing that slips
over the collet. Tighten bolt on top of the housing and
draw collet into housing to lock puller on the stud with
a tight grip.
b. If the collet type tool cannot be used, drill a
small hole into the stud. Employ a pilot bushing to
guide drill into center of stud when stud is broken beneath the surface of the crankcase. Redrill the hole
to enlarge it to accomodate the proper size extractor.
Using the extractor, remove the stud.
c. After studs have been removed, check for size
and condition of threads in stud holes to determine
whether oversize studs must be used for replacement.
Coat threads of studs withthread lubricant, Specification JAN-A-669, and drive stud to correct depth by
using a suitable stud driver.

NOTE
All machined bosses should be masked
before painting. Do not paint areas under
hold down nuts where torque is required.

3-34. CORROSION-PREVENTION. At the conclusion
of all repair operations and subsequent inspection,
coat all steel parts with preservative oil.
REASSEMBLY

3-29. Aluminum and Steel Parts. Parts shall be cleaned and degreased prior to painting. Apply one coat sinc
chromate primer, thinned with approximately two parts
toluene, and air dry. Apply one coat of enamel and
bake at 250°F, to 300°F, for one-half hour. Enamel
may be allowed to air dry but an inferior finish will
result. Parts from which paint has not been removed
may be repainted omitting the primer coat.
3-30. Magnesium Parts. Magnesium parts should be
cleaned thoroughly with a dichromate treatment prior
to painting. This treatment consists of cleaning all
traces of oil and grease from the part by using a neutral, non-corrosive degreasing medium followed by a
Revised October 1974

3-35. CORROSION-PREVENTION. Prior to assembly
of subassemblies, all parts should be cleaned to remove all traces of preservative oil and accumulated
foreign matter. During assembly, cover all steel parts
with a heavy coat of preservative oil. This mixture
should be used on all machined surfaces, especially
on bearing surfaces, cylinder bores and piston rings.
The practice of using plain lubricating oil during assembly is not recommended.
3-36. PRE-LUBRICATIONOF PARTS PRIOR TO ASSEMBLY. Many premature failure of parts have been
traced directly to improper pre-lubrication at engine
3-3
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ated example of this sort is show” in figure 3-l. Note
that the edges of the gear are not even; the one gear
is too far forward on its longitudinal axis.
3-42. During manufacture of bevelgears, the relationship between the edges of the gear (or tooth length) is
carefully controlled. Because of this relationship, the
correct location of the interlocking teeth (pitch alignment) of the two bevel gears can be maintained if the
mating edges of the gears are eve”.

Figure 3-l.

Bevel Gear - Showing Extreme
Pitch Alignment

assembly. If parts are not properly lubricated, or a”
inferior lubricant is used, many of the engine parts
will become scored before the engine oil goes through
its first cycle and has had a chance to lubricate the
engine. This, of course, will lead to premature parts
failure prior to normal service
life, and in some cases,
lead to engine failure before normalservice hours have
been accumulated. It is of utmost importance, therefore, that the following recommendations be adhered
to at engine assembly. Consult the latest edition of
Service Instruction No. 1059.
3-37. Coat the camshaft lobes, face of tappet bodies
and rocker tips with lubri-bond (a) or equivalent.
3-38. Coat the valve stems and the interior of the valve
guides with Texaco Molytex “0” or equivalent.
3-39. All other parts should be coated with a mixture
of 15% pre-lubricant
(STP or equivalent) and 85% SAE
No. 50 mineral base aviation grade lubricating
oil.

3-43. In Avco Lycoming aircraft engines where bevel
gears are employed, the gear mountings are similar to
the arrangement shown in figure 3-2. That Is, a laminated shim is usually provided between the mounting
adapter and the housing thus permitting each gear to
be moved in either direction,
along its longitudinal
axis.
3-44. Designs such as this not only provide a means
of obtaining correct backlash between the matinggears
but alsopermit adjustment tocorrect pitchalignment,
by correcting uneveness of the edges of the gears. The
following procedure is suggested for obtaining both
backlash and pitch alignment during assembly of the
bevel gears.
a. Assemble each gear and its associatedparts in
its housing usingsuch gaskets and shims as are specified by the applicable parts catalog. Secure the gear
mountings temporarily.
b. Remove or add shim laminations as required
to obtain correct backlash.

3-40. OILlTE BUSHINGS. During overhaul cleaning
operations it is possible to wash the oil from these
bushings; also, ifa bushing has been replaced and either
reamed or broached, its porosity may be affected.
Therefore, before the bushings are reassembled into
the engine they must be impregnated by immersing
them for at least fifteen minutes in engine oil that has
been heated to 140° F.

3-41. PlTCH ALIGNMENT AND BACK LASH IN BEVEL
GEAR ASSEMBLIES. During disassembly of engines
returned to our factory, inspection personnel occasionally findevidence of incorrectly assembledgears. This
condition appears to be wholly confined to bevel gear
assemblies wherein one of the gears has been replaced;
that is, instances where a comparatively new bevel
gear is meshedwith an older worn gear. An exagger3-4

Figure 3-2. Typical Mounting for Support
Bevel Gears
Revised October 1974
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c. Visually, and by feel, determine if the edges of
the mating gears are even. If the edge of one gear protrudes beyond the edge of the other, remove shims
from the protruding gear and add shims of equal thickness to the other gear to achieve pitch alignment of the
gears.
NOTE
It is possible to perform step (c) prior to
step (b); that is, pitch alignment can be
corrected before adjustment for backlash
is made provided these precepts are observed. The removal or additionof an equal
amount of shim material from both gear
mountings will change backlash but not
pitch alignment. The removal or addition
of shim material from one gear only will
change backlash and pitch alignment and
the removal of shim material from one
gear with the addition of an equal amount
of shim material to the other gear will
change pitch alignment but not backlash.
3-45. It is strongly recommended that all overhaul
facilities adapt a firm policy of checking pitch alignment of bevel gears at the same time backlash is adjusted during engine overhaul.
3-46. TABLE OF LIMITS. The table of limits SSP2070 should be consultedwhenever it is desired to determine the backlash and end clearance of gears, the
clearance between mating machined parts, the clearance between moving parts which are in close contact
with each other and the torque limits for various nuts,
screws and fastenings.
3-47. OIL SEALS AND GASKETS. When building up
anengine during major overhaul, replace all oilseals

Revised October 1974

and gaskets throughout the engine. For complete replacement sets of seals and gaskets available for these
engines, consult applicable parts catalog.
3-48. ARBITRARY REPLACEMENT OF PARTS. Itis
recommendedthat certain parts throughout the engine
be replaced at normal overhaul regardless of their
apparent condition. Consult the latest edition of Service
Bulletin No. 240 for information on the replacing of
parts at overhaul. Included among these are the following:
All engine oil hose
All oil seals
All gaskets
All circlips, lockplates and retaining rings
Piston rings
All exhaust valves (except Inconel alloy valves)
All exhaust valve retaining keys
Crankshaft sludge tubes (where applicable)
Cylinder fin stabilizers
All bearing inserts (main and connecting rods)
Magneto drive cushions
Stressed bolts and fastenings
Camshaft gear attaching bolts
Connecting rod bolts and nuts
Crankshaft flange bolts
Damaged Ignition cables
All laminated shims
Crankshaft counterweight bushings
3-49. FUEL SUPPLY LINES (Fuel Injected Engines)
The fuel supply lines to the nozzles canbecome damaged and will leak if not properly installed and clamped
at the correct locations. Consult Service Bulletins
Nos. 335 and 342 for inspection procedures, configuration of lines and location of clamps, and Service
Instruction No. 1301 for identification of fuel line.
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4-1. GENERAL. All subject four, six and eight cylinder engines are equipped with high tension ignition
systems which deliver high tension current directly
tothe spark plug outlets. Some eight cylinder engines
are equipped with a low tension ignition system. This
system carries the low tension current, produced by
the magneto, through alead to a transformer mounted
on the magneto. The high tension current, produced
bythe transformer, is carried backthrough one outlet
in the harness assembly to the magneto. The hightension current is then distributed, by the magneto distributor finger, to individual spark plug outlets.
4-2. MAGNETOS. Dual ignition is furnished by three
types of magnetos onAvco Lycoming engines. (1) Conventional magneto, (2) impulse coupling magneto, and
(3) retard breaker magneto. Either an impulse coupling or a retard breaker magneto is always used on
the left side of the engine. A brief description of the
impulse coupling magneto and the retard breaker magneto follows.
4-3. IMPULSE COUPLING MAGNETO. The purpose
of the impulse couplingis: (1) To spin magnet (between
impulsetrips) faster than engine cranking speed, thus
generating abetter spark for starting; (2) automatically
retard spark when starting engine. When engine is running, the impulse coupling acts as a drive coupling for
the magneto.
4-4. RETARD BREAKER MAGNETO. The retard
breaker magneto incorporated two sets of breaker
points and provides a fixed retard and long duration
boosted spark for easier starting. A source of DC
power and a starting vibrator are required to complete the installation and it is recommended that the
magneto manufacturer be contacted for information on
the various vibrators and switching arrangements
available. The -200, -700 and -1200 series magnetos
incorporate an integral feed-thru capacitor and require no external noise filter in the magneto ground
lead.
4-5. ENGINE FIRING ORDER. 4 cylinder engines (except LIO series) 1-3-2-4. LIO series 1-4-2-3. 6 cylinder engines, 1-4-5-2-3-6. LIO series 1-6-3-2-5-4.
8 cylinder engines, 1-5-8-3-2-6-7-4.
4-6. IGNITION HARNESSES. Ignition harnesses vary
withthe engine models; however, for purposes of description, all harnesses are composed of the same basic
components. Basically, each lead is composed of a
magnetoterminal assembly, the ignition cable and the
spark plug end assembly. The number of leads in the
harness assembly is, of course, determined by the
number of cylinders on the engine.
4-7. SPARK PLUGS. For information relative to approved spark plugs for the subject engines consult the
Revised

October
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latest revision of Service Instruction No. 1042 and
Service Bulletin 359.
REMOVAL AND DISASSEMBLY
4-8. IGNITION HARNESS. Removetheterminals from
the top andbottom sparkplugs. Detach all clips, clamps
and grommet plates securing the leads to the engine.
Complete the removalof the harness by detaching the
outlet plates from the magneto. Note that the Slick harness usedon some engines is supplied as an assembly
with the magneto and it will not be necessary to separate the two.
NOTE
Before detaching clamps, clips, grommet plates etc., mark the location of each.
Differences in various installations make
it impossible for this manual to point out
the correct attaching points.
4-9. MAGNETOS. (Four Cylinder Engines). Loosen
and remove the 5/16-18 nuts, washers (also clamps on
Slick and -1200 series magnetos) which secure the magneto to the engine. See figure 4-1. Remove magneto
and gasket (1) Note that anadapter (7) is used withthe
impulse coupling magneto. Remove this adapter and
gasket (6). No further disassembly of the magneto is
required other than the removal of the magneto gear
(5) from the drive shaft. Replace the washer (4) and
nut (3) to prevent damage to the drive shaft threads.
4-10. MAGNETOS. (Six Cylinder Engines). Loosen
and removethe 5/16-18 nuts, washers and lockwashers
(also clamps on -1200 series). See figure 4-1. Remove
magnetos, gaskets (1), adapters (7) and gaskets (6).
Reach inside the drive pad and remove drive cushions
(11) magneto gear and cushion retainer (5) and ball
bearing (12). Disassemble the nut (3) and bushing (10),
(drive coupling (13) from conventional and retard
breaker magnetos) and Woodruff keys (9) from the
drive shaft.
NOTE
See Service Instruction 1252 for the conversion of 8 cylinder engine with -700
series magnetos to -1200 series magnetos engine.
4-11. MAGNETOS. (Eight Cylinder Engines). Loosen
the 5/16-18 nuts and remove the nuts, lockwashers
and clamps. Remove magnetos, gaskets (1), adapters
(7) and gaskets (6). Reach inside the drive pad and removethe drive cushions (11), retainers (15), centering
plates (16) and magneto gears (5). No disassembly of
the -700 series magneto is required.
4-1
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cotter Pin
Drive Shaft Nut
Washer
Magneto Gear

Figure
4-2

4-l.

Adapter Gasket
Magneto Adapter
Impulse coupling
Woodruff Key
Bushing
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Cushions
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Drive
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16.

Ball Bearing
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Drive Plate
Cushion Retainer
Centering Plate
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Slick) are given in detailin the latest editions of Service Instructions 1119 or 1153.

The gears mentioned in the preceding
paragraphs are associated with and form
a part of the accessory drives and should
not be considered part of the ignition system. Their removal and reassembly is
discussed in this section because they
should be removed and reassembled at the
times the magnetos are removed or reassembled.

4-15. IGNITION HARNESS (Slick). Individual leads
may be removed and new lead assemblies fabricated
and installed in the following manner.
4-16. See figure 4-5. Remove the harness housing (5)
from the magneto. Cut the cable with cutting pliers,
close to the outside of the housing, and using a drift
tap the ferrule (4) from the housing. Remove the spring
(1) and electrode screw (2) from the lead by turning
the spring counter-clockwise with a pulling action.
Remove the sleeve (2). Remove the spark plug nut (7)
from the cable and disassemble the spring (12) electrode screw (10) and sleeve (11) as described above.
Discard the ferrules.
4-17. Cut the individual cable to the required length
shown in Table 4-1. Make a mark 7/8" from the magneto end and 1" from the spark plug end. Flare out the
copper shielding and insert the stripping tool (figure
4-6) beyond the mark. Do not allow the shielding to
fold under while inserting tool. With a sharp knife, and
using a rolling motion while cutting, cut and remove
the copper shielding at the marks. Remove the stripping tool.

Figure 4-2. Location to Apply Compound

TABLE 4-1
LENGTH OF INDIVIDUAL CABLES
(Slick Harness)

Cylinder No. and
Plug Location

Magneto
No.

1 Bottom
3 Bottom
2 Top
4 Top
1 Top
3 Top
2 Bottom
4 Bottom

1
2
3
4
1
2
3
4

Right
Right
Right
Right
Left
Left
Left
Left

Cable Length
(Inches)
32
24
38
32
41
34
32
25

INSPECTION
4-12. IGNITIONHARNESS. Unless the harness assembly is in obviously new condition and is known to have
been recently installed, it is recommended that the
harness be replaced at overhaul.
4-13. MAGNETOS. As previously mentioned, this
manual will not endeavor to describe overhaul procedures for trade accessories. Consult the manufacturer's applicable overhaul manualfor inspection procedures.
REPAIR AND REPLACEMENT

4-14. IGNITION HARNESS. Although replacement of
the ignition harness is recommended, it must be noted
that many parts of the harness may be reused in fabricating a new assembly. Instructions for fabricating
lead assemblies for all harnesses employed (except
Revised

October

1974

Figure 4-3. Magneto Gear Timing Mark
4-3
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4-19. SPARK PLUG END. Install hex ferrule (8) over
leadwithflange
endtoward endof wire. After assembly
of this ferrule, bend and rotate the silicone insulation
to flare out the copper shielding. Install drive ferrule
(9) over insulation and under shielding to within 1/16
inch of flange of hex ferrule. Slide hex ferrule over
drive ferrule until tight. Mount drive plate (figure 4-6)
in a bench vise. Set hex ferrule in slot of drive plate and,
usingthe drive tool (figure 4-6) drive the drive ferrule
flush against the hex ferrule. Install spark plug nut (7)
on cable with threaded end toward ferrules.
4-20. MAGNETO END. Install lead through housing
(5) and install drive ferrule
(4) over insulation and
under shielding. Place housing on drive plate and using
drive tool, drive ferrule flush to housing.

MARKEDTOOTHOF MAGNETODRIVEGEAR
MUST BE ASSEMBLEDBETWEENTHESE
TWO MARKEDTEETH

4-21. BOTH ENDS. Clamp threaded end of electrode
screw (3 and 10) inpin vise (figure 4-6) and assemble
the screw intothe center of the coiled conductor. Turn
counter-clockwise
and pushthe screw until the tapered
pin portion is flush with the insulation. Place sleeve
(2 and 11) over insulation and turn spring (1 and 12)
onto electrode screw until the end of the screw is flush
with the first large coil of the spring.

Figure 4-4. Marked Teeth on
Crankshaft Idler Gear
4-18. At both ends cut the exposed insulationbackfrom
the end 1/16 inch. Do not pull insulation from wire, remove by turning clockwise. Trim the coiled conductor,
conductor should protrude approximately
two coils.
Using the pin vise (figure 4- 6) drill and remove silicone
rubber from the inside of the coiled conductor, this will
facilitate installation of the electrode screw in a later
step.

I-DRIVEPLATE M-1747
2-STRIPPING
TOOLM-1743
3-DRIVETOOLM-1744
4-PIN VISEM-1742

2

3

4

7

Figure

1.
2.
3.
4.
5.
6.

Spring
Sleeve (Insulator)
Electrode Screw
Drive Ferrule
Housing
Cable
Figure 4-5.

4-4

7.
8.
9.
10.
11.
12.

Spark Plug Nut
Hex Ferrule
Drive Ferrule
Electrode Screw
Sleeve (Insulator)
Spring

Lead Assembly

(Slick)

4-6. Tooling,

Slick Harness

4-22. MAGNETOS. As previously
mentioned,
this
overhaul manual will not endeavor to describe overhaul
procedures
for trade accessories.
Consult the manufacturer's
applicable manual for overhaul procedures.
However, Avco Lycoming Service Bulletins Nos. 183A,
235A, 277, 311, 312, Service Instructions
Nos. 1019,
1055, 1074, 1163, 1165 and Service Letters Nos. L122
and L134A, contain information relative to the magnetos covered in this manual. These publications should
be consultedto ascertain if they affect your installation.
Revised
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4-1. Assemble a gasket (1), adapter (7) and gasket (6)
on the magneto mounting pads. Assemble the ball bearing (12) onthe magneto gear and retainer (5) and install
the assemblies engaging the marked tooth of the magneto gear (See figure 4-3) between the two marked
teethon the crankshaft idler gear (See figure 4-4). Install the drive cushions (11) in the retainer.
NOTE
The magneto gear and retainer assemblies on engines employing two impulse
coupling magnetos and TIO-540 engines
use a different assembly on the left and
right side. Consult parts catalog for correct part number.
4-29. MAGNETOS(EightCylinder Engines). Seefigure
4-1. Assemble a gasket (1), adapter (7) and gasket (6)
onthe magneto mounting pads. Assemble and centering
plate (16) into the retainer (15)and assemble the drive
cushions (11) around the centering plate. Install the
magneto gear (5) and the above assemble meshing the
magneto gear and the crankshaft idler gears as described for the six cylinder engines.
Figure 4-7. Ignition Wiring Diagram
Four Cylinder Engines
REASSEMBLY

4-30. TIMINGMAGNETOTO ENGINE. (Four, six and
eight cylinder engines). Rotate the crankshaft in directionof normal rotationuntil No. 1 cylinder is onthe
compression

4-23. MAGNETOS (All Engines). Before assembling
the magneto gear or drive coupling (whichever is applicable) tothe magneto drive shaft, apply a light coating of Go-Jo-No-Lox compound or equivalent to the
tapered section of the magneto drive shaft. See figure
4-2. This compound is manufactured by Gojer, Inc.
Akron 9, Ohio. After assembling gear or coupling,
wipe excess compound from the drive shaft.

stroke and approximately

35 ° BTC.Clamp

the ignition timing pointer on the advance timing mark
on the rear of the starter ring gear. The starter ring
gear may be marked

at 20 ° and 25 ° . Consult

engine

nameplate for correct advance timing mark to use.
Continue rotating the crankshaft until the timing pointer and the parting flange of the crankcase align. Leave
the crankshaft in this position until the magneto is installed.

4-24. MAGNETOS(Four Cylinder Engines). See figure
4-1. Assemble a Woodruff key (9) in the shaft of the
conventional or retard breaker magneto. Assemble the
magneto gear (5) on the drive shaft, install the washer
(4) and nut (3). Tighten to specified torque and secure with cotter pin (2).
4-25. MAGNETOS(SixCylinderEngines).
See figure
4-1. Assemble a Woodruff key (9) in the drive shaft of
the conventional or retard breaker magneto and assemble the drive coupling (13) over the key. On all magnetos
assemblethe Woodruff key (9) and bushing (10)onshaft,
install nut (3), tighten to specified torque and secure
with cotter pin (2).
4-26. MAGNETOS (Eight Cylinder Engines). As the
magneto drive plate was not removed at disassembly
no reassembly is required.
INSTALLATION

4-27. MAGNETOS(Four Cylinder Engines). See figure
4-1. Assemble a gasket (1) on magneto mountingpads,
note that when the magneto is of the impulse coupling
type an additional gasket (6) and adapter (7) are required.
4-28. MAGNETOS (Six Cylinder Engines). See figure
Revised October 1974

Figure 4-8. Ignition Wiring Diagram
Four Cylinder Engines - Optional
4-5
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ling will not move beyond the point where it trips and
the spark occurs. Reverse the rotation approximately
25° until the timing pin hole appears in the center of
the vent plug hole.
4-35. Hold the rotor by inserting the timing pin, and
linethe timingpin withthe centerof thevent plughole,
and install the magneto on the engine.
4-36. For the Model 4050 magneto (without impulse),
install the gear and hold the B1 lead 1/8" away from
the frame.
4-37. Turn the gear counterclockwise (L. H. ) vigorously through the flux lines until a strong spark occurs
at this lead. Reverse the rotation into the flux untilthe
timing pin hole appears. Insert the timing pin in the
hole and install the magneto on the engine. The magnetos are now ready for final timing.
4-38. (S8-700 Series). Align the timing mark on the
drive plate with the indent on the housing. See figure
4-12.

Figure 4-9. Ignition Wiring Diagram
Six Cylinder Engines
4-31. In the event that an ignition timingpointer is not
available an alternate method may be used. Rotate the
crankshaft in direction of normal rotation until No. 1
cylinder is on the compression stroke and continue
rotating the crankshaft untilthe correct advance timing mark on the front of the starter ring gear is in exact alignment withthe smalldrilled hole located at the
two o'clock position on the front face of the starter
housing. Leave the crankshaft in this position untilthe
magneto is installed.

4-39. Hold the magneto in the above position and assemble it onthe engine andtightenthe mounting clamps
sufficiently to hold the magneto in position yet permit
it to be rotated.
4-40. FINAL TIMING (All Magnetos except the S8-700
series). Using a battery powered timing light, attach
the positive lead to the ground or switch terminal
(whichever is applicable) and the negative lead to any
unpainted portion of the engine. Rotate the magneto in
its mounting flange to a point where the light comes on,
then slowly turn it in the opposite direction until the
light goes out. Bring the magneto back slowly until the
light just comes on. Repeat this procedure with the
second magneto.

NOTE
The advance timing mark is specified on
the engine nameplate.
4-32. (All magneto except S8 700 series). Remove
the inspection plug from the magneto and rotate the
drive shaft in direction of normal rotation until the
painted chamfered tooth on the distributor gear is
aligned in the center of the inspection window. The
shaft on the impulse coupling magnetos can be turned
by depressing the pawl on the coupling. Be sure the
magneto gear does not move from this position and
secure each magneto finger tight. The magnetos are
now ready for final timing.
4-33. (Slick Magnetos) (Model 4-51, Impulse Coupling). Remove thebottom vent plugand "SPARK OUT"
the magneto.
4-34. To "SPARK OUT" the magneto, hold the lead
wire spring (with T1, or B1 on the spark plug nut)
1/16" to 1/8" away from the magneto frame, and turn
the impulse coupling one (1) "click" at a time until a
strong spark jumps between the spring and the magneto
frams. You are to hold the magneto firmly so the coup4-6

Figure 4-10. Ignition Wiring Diagram
Six Cylinder Engines - Optional
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ALIGN TIMING MARKON DRIVE PLATE

Figure 4-12. Timing Mark on Drive Plate Aligned
With Indent on Magneto Housing
4-45. (FinalTimingS8-700Series).
Remove the screw
lockwasher and dust shield from the opening marked
"T" onthe side of the magneto. Thenwithabox wrench,
remove the breather. See figure 4-13.
4-46. Connect atiminglighttothe switchwire
ed capacitor wire) and to a good ground.

Figure 4-11. Ignition Wiring Diagram
NOTE
AC timing lights operate in the reverse
manner as described above, the light goes
out when the breaker points open.
4-41. After both magnetos have been timed, check as
described in the next paragraph, to ascertain that both
magnetos are set to fire together.
4-42. Backoffthecrankshaft afewdegrees, thetiming
lights should go out. Bring the crankshaft slowlyback
in direction of normal rotation until the timing marks
are in alignment. At this point, both lights should go
on simultaneously. Tighten nuts to specified torque.
4-43. Final Timing D-2000 Dual Magneto. Using a
battery power timing light, attach the red lead of timing light to the left switch terminal, green lead of
timing light to right switch, black lead to an unpainted
portion of the engine. Rotate the magneto in its mounting flange to a point where the light comes on, then
slowly turn it in the opposite direction until the light
goes out. Tighten the magneto clamps evenly.
4-44. Back off the crankshaft approximately 10° so
the timing light goes on. Bring the crankshaft slowly
back in direction of normal rotation until light goes
out. Indicating the left main breaker opening at No. 1
firing position. The right main breaker monitored by
the green light must open within ±2 engine degrees of
No. 1firing position. Completely tighten nuts to specified torque.
Revised October 1974

(shield-

4-47. Insert a small screwdriver through the "T"
marked opening and engage the painted rotor timing
groove. (The painted lines on the distributorblock and
finger will be found in approximate alignment. ) See figure 4-13. With a light force depress the screwdriver,
moving the rotor in a counterclockwise direction, as
viewed from the rear, sufficiently to remove any backlash while at the same time, rotate the magneto back
and forth in both directions until the breaker points
just begin to open, as- indicated by the timing light.
NOTE
If inaccessability to the "T" marked hole
prevents it from being used for holding out
backlash, the magneto distributor block
must be removed and the magneto rotor
utilized for this purpose. This is accomplished as follows:
a. Disconnect the switch, coil and retard leads
from their sockets in the cable outlet plate.
b. Remove the four screws that attach the ignition harness to the magneto.
PAINTED LINE ON DISTRIBUTORBLOCK

PAINTEDLINE ON DISTRIBUTOR
FINGER

Figure 4-13. Painted Line on Distributor Finger
and Block Viewed in Hole "IT"
4-7
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c. Remove the switch, coil and retard leads
from their terminals in the distributor block.

b. Tighten the two setscrews
block in the magneto.

d. Loosen the two setscrews mounted radially in
the rear flange of the magneto and carefully remove the distributor block from the magneto.
e. Reach into the magneto and grasp the rotor.
Note that when the rotor is turned counterclockwise to the point of breaker opening it will spring
forward in a clockwise direction if it is released; therefore it must be held inthe counterclockwise position while the magneto is rotated back
and forth until the breaker points begin to open.

c. Secure the harness to the magneto with four
setscrews. Besurethe coil and retard leads are
not pinched between the magneto and the cable
outlet plate.

4-48. Tighten the magneto mounting clamps and replacethe breather plug, shield, lockwasher andscrew
in the 'T" opening, or if the distributor block was removed:
a. Connect the capacitor, coil and retard leads
to their terminals in the distributor block and
position the distributor block carefully in place
inthe magneto. Be sure the coil and retard leads
are not pinched betweenthe block and the housing.

4-8

that secure the

d. Replace switch, coil and retard leads.
4-49. When this has been accomplished the magneto
is properly timed to the engine. If a recheck is required, or at anytime magneto timing is checked, it
is necessary to hold out the backlash from the gears
as described inparagraph 4-47 and the accompanying
note, while a second person turns crankshaft through
20 degrees to firing position of No. 1 cylinder.
4-50. IGNITION HARNESS. After the magnetos have
been timed to the engine, assemble the leads to the
sparkplugs. Consult the applicable wiring diagram for
your installation. See figure 4-7, 4-8, 4-9, 4-10 or
4-11.

Revised October 1974
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SECTION
ACCESSORY
5-1. It is assumed, at this time, that the magnetos and
all accessories have been removed from the accessory
housing.
5-2. Unless specifically called out tothe contrary, all
references to component parts will apply to all engines
except those with a housing incorporating dual magnetos in a single housing. These housings willbe identified as Dual Magneto Housings.
DISASSEMBLY

5-3. Fuel Pump (Diaphragm type) - See figure 5-3.
The fuel pump, (7) located at the lower left of the accessory housing, is removed by unscrewing the two
capscrews securing it to the housing.
5-4. OilPressure ScreenHousing. (Where applicable)
See figure 5-1. This housing (3)located just abovethe
center of the accessory housing, is removed by unscrewing the four capscrews or three capscrews and
one nut (whichever is applicable) that secure it to the
accessory housing. On the O-290-D series, the oil
cooler adapter is removed along with the oil pressure
screen housing.
5-5. Thermostatic Valve and Oil Pressure Screen
Housing. See figure 5-1. This unit, (5) used on some
installations, is located at the same place as the oil
pressure screen housing described in paragraph 5-4
and is removed in the same manner.
5-6. Oil Filter and Adapter. See figure 5-1. This unit,
usually installed as an option, replaces either the oil
pressure screen housing or the thermostatic valve and
oil pressure screen housing. It can be removed as a
unit from the accessory housing. Consult Service
Letter 157 for more detail information on all models.
5-7. Oil Cooler Bypass Valve Assembly - See figure
5-1. This assembly is used only in conjunction with
the oilpressure screen housing andopening is plugged
when using either thermostatic valve or oil filter and
adapter. Remove plug (8), gasket (2), spring (7), and
plunger (12).

Section
5
Accessory
Housing

5.
HOUSING
5-10. Vacuum Pump Driven Gear (Where applicable)
See figure 5-3. Remove the adapter (4) and gear (6)
from the mounting pad on the upper right side of the
accessory housing.
5-11. Hydraulic Pump Driven Gear (Whereapplicable)
Remove the adapter and gear from the mounting pad
on lower right side of the accessory housing.
5-12. Propeller GovernorDriven Gear (WhereApplicable) See figure 5-3. Remove the propeller governor
oil line (12). Remove the adapter (10)from the mounting pad on lower right side of the accessory housing.
Remove retaining ring (9), washer (5) from shaft gear
and remove shaft gear (11) from adapter (10).
5-13. Dual Drives - Vacuum Pump and Hydraulic
Pump- See figure 5-5. Remove brace (2), vacuum
and hydraulic pump adapter (13), and dual drive adapter (8). Remove accessory drive gear (9), dual accessory drive gear (10), vacuum pump driven gear (12)
and idler gear (11).
5-14. DualDrives - Vacuum Pump and Propeller Governor - See figure 5-5. Remove brace (2), vacuum
pump and propeller governor drive adapter (5), and
dual drive adapter (8). Remove accessory drive gear
(9), dual accessory drive gear (10), vacuum pump
driven gear (12) and idler gear (11).
5-15. Removal from Engine. The accessory housing
is removedfrom the engine by removingthe attaching
parts to the crankcase and oil sump. Since various
gears are held in place through contact with the crankcase, put the housing on the bench with the inside up
to avoid dropping loose gears.
5-16. See figure 5-4. If engine is equipped with "AN"
type fuelpump drive, remove the fuel pump idler gear
(7) from the idler gear shaft (8). Remove the idler
gear shaft from the housing.

5-8. Oil Filter (Dual Magneto Housing) See figure 5-2.
Remove filter assembly (11) by unscrewingthe center
bolt from the housing. Remove the thermostatic oil
cooler bypass valve (21) and gasket (20). Remove retaining ring (10), sleeve (9), seat (8) and spring (7) of
the oil filter by pass valve.

5-17. Oil Pump. See figure 5-6. Remove the oilpump
body assembly from the accessory housing and detach
the oil pump impellers. Pull oil pump drive shaft from
the body. Do not remove the oil pump idler shaft unless obvious damage is apparent. A later oil pump assembly (see figure 5-7) employs sintered iron impellers and the idler shaft and driven impeller are one
unit. In additionthe oil pump drive shaft gear is keyed.
These assemblies are not interchangeable.

5-9. FuelPump Driven Gear, AN Type (Where applicable) See figure 5-4. Removethe adapter (3) and gear
(5) from the mounting pad on the lower left side of the
accessory housing.

5-18. OilSuction Tube (Where applicable) Removethe
cotter pins, nuts and washers from inside of housing
and bolts from the outside of the housing and remove
the oil suction tube.

Revised October 1974
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Figure 5-3. Vacuum Pump and Propeller
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12. Propeller Governor Oil Line
and Propeller

Governor Oil Line
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5-19. Turbo Scavenge Pump (Where applicable) See
figure 5-10 or 5-11. Disassemble
as shown in the illustration.
5-20.
5-12.

Oil Scavenge Pump (AIO-360, -320) See figure
Disassemble
as shown in the illustration.
C LEANING

5-21. Drilled Oil Passages.
Remove all plugs from
oil passages.
Particular
care must be given to see
that oil passages
are thoroughly cleaned. Employ a
stiff bristle fibrebrush
and when the oilpassages
are
cleaned, blow out the passages with a petroleum solvent and air. Reinstall all threaded plugs.
5-22. Cleanallaccessory
housingparts
inaccordance
with the general instructions
as outlined in Section 3
of this manual
INSPECTION
5-23. Replace all gaskets, oil seals,
taining rings during reassembly.

circlips

and re-

REPAIR AND REPLACEMENT
5-24. Replace all gaskets, oil seals,
taining rings during reassembly.

circlips

and re-

REASSEMBLY
5-25. Oil Pump - See figure 5-6. Insert oil pump impellers into oil pump body. The driving impeller (4)
is manufactured
from steel and is installed in the upper compartment of the body. T he aluminum driven impeller (5) is installed in the lower compartment.
Assemble the oil pump idler shaft (7) in the body and
through the driven impeller, secure the idler shaft to
the body with a cotter pin. Assemble the oil pump
drive shaft (1) through the housing and into the driving
impeller. Install the assembly over the mounting studs

on the accessory
housing and assemble a washer and
slottednut on the studs. Tighten evenly andgradually,
turning the drive shaft while tightening to assure free
movement of the impellers.
Tighten nuts to 150 inch
pounds torque and lockwire. The later oil pump assembly employing sintered iron impellers
is assembled in the same manner with these exceptions.
The
driven impeller and idler shaft are manufactured
as
a unit and the drive shaft is keyed. See figure 5-7.
CAUTION
Oil pump bodies are made for both clockwise and counterclockwise
rotation
engines. Be sure you use the correct
oil
pump body, these bodies are not interchangeable.
5-26. Oil Pump (Dual Magneto Housings) See figure
5-2. The oilpump assembly used in this series engines
is similar to and assembled
in the same manner as
the first pump described in paragraph 5-25.
5-27. Oil Suction Tube. (Where applicable)
Insert
two drilled bolts from the outside of the housing. Assemble a gasket and the oil suction tube over the bolt
ends and assemble plain washers,
lockwashers
and
slotted nuts and tighten to 75 inch pounds torque. Secure
with cotter pins.
5-28. Accessory
Housing. Place a new accessory
housing gasket over the locating dowels on rear of
crankcase.
Check assembly of two crankshaft
idler
gears. Should the engine be equippedwith a diaphragm
type fuel pump, the hub of the left hand gear should incorporate
a cam. The fuel pump plunger should be
inserted in the accessory
housing as shown. Make
certain that should the engine incorporate an "AN" fuel
pump drive, the fuel pump idler gear shaft is in place
on the inside of the accessory
housing cover and is
secured with two 1/4-20 hex head screws and a lockplate. Place the fuel pump idler gear on the idler shaft
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5-4. AN Fuel Pump Drive Assembly
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7. Washer
8. Dual Drive Adapter
9. Accessory Drive Gear
10. Dual Accessory Drive Gear
Gov. Dual Drive Adapter
11. Idler Gear
12. Vacuum Pump Driven Gear
13. Vacuum Pump and Hydraulic Pump Dual Drive Assembly
5-5. Vacuum Pump and Hydraulic

(Engines with AN fuelpump drive) and install the thrust
washer and retaining ring that holds the idler gear on
the shaft. Be sure that a new oil seal has been inserted
in the tachometer
drive shaft bore. Rotate the oil
pump drive shaft so that the lobes on the shaft align
with slots in the crankshaft gear. Note that in the Dual
Magneto Housing the oil pump drive shaft meshes with
the crankshaft idler gear.
5-29. Apply a liberal coating of engine oil to thetachometer drive shaft and all other contact surfaces, such
as gear teeth and idler gear hub. Carefully fit the accessory housing in place on rear of crankcase,
guiding
the housing first over the tachometer
drive shaft and
then on to the locating dowels: Secure the housing in
place with ten 1/4-20 x 15/16 hex head bolts and two
1/4-20 x 1-3/4 bolts. Two ofthe 1/4-20 x 15/16 bolts
5-6

Pump Dual Drive Assembly

are inserted from the crankcase side through holes in
front of the right magneto. The two 1/4-20 x 1-3/4
hex head bolts are inserted in the two holes adjacent
tothe left magneto. Assemble allbolts withplainwashers and lock washers.
5-30. Vacuum Pump Drive. See figure 5-3. If the engine is equipped with a vacuum pump drive, assemble
the unit as follows: Insert a new oil seal (3) into the
recess in the pump side of the vacuum pump adapter
assembly (4). Make sure that seal is insertedwith
the
grooved side toward the adapter. Place a new accessory driven gear washer (5) over the shaft of the vacuum
pump driven gear (6), lubricate the shaft, and insert
the gear into the adapter being careful not to push oil
seal out of its seat. Using a new gasket attachthe adapter tothe upper right side of the accessory housingwith
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1.
2.
3.
4.

Drive Shaft
Plug
Body
Driving Impeller
Figure
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four 1/4-20plainnuts,
plain washers and lockwashers.
If the engine is equipped with vacuum pump drive only,
place a cover over the exposed end of the drive toprevent entrance of dirt and/or other foreign matter. If
the engine is equipped with vacuum pump install the
vacuum pump on the adapter instead of the cover.
5-31. Propeller
Governor Drive. See figure 5-3. On
those engines equipped with a propeller governor drive,
lubricate and insert the propeller governor drive shaft
gear (11) intothe adapter (10). Place a new accessory
driven gear washer (5) over the drive end of the shaft
and secure shaft in place with a 13/16 inch diameter
external retaining ring (9). Using anew gasket, attach
the adapter to the lower right side of the housing with
four 5/16-18 plain nuts,plainwashers
and lockwashers.
Attach cover (8) on the exposed end of the drive as protection against dirt and foreigh matter. Assemble the
propeller governor oil line (12).

4

7
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5. Drive Impeller
6. Cotter Pin
7. Idler Shaft

5-6. Oil Pump Drive Assembly

5-32. Hydraulic Pump Drive. If the engine is equipped
with a hydraulic pump drive, assemble the unit as follows: Insert a new oil seal intothe recess in the pump
side of the hydraulic pump adapter assembly. Make
sure that the seal is inserted with the grooved side
towardthe adapter. Place a new accessory drive gear
washer over the shaft of the hydraulic pump drive gear
and insert the gear into the adapter being careful not
to damage the oil seal. Using a new gasket, attach the
assembly to the lower right side accessory housing with
nuts, plain washers and lockwashers.
If the engine is
equippedwith hydraulic pump drive only, place a cover
over the exposed end of the drive. If the engine is equippedwith a hydraulic pump, installthe pump onthe adapter instead of the cover.

4

2

1

1. Woodruff Key
2. Plug
3. Oil Pump Body

4. Driving Impeller
5. Driven Impeller and Idler Shaft
6. Oil Pump Drive Shaft
Figure
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5-7. Oil Pump Drive Assembly

(Sintered

Iron Impellers)
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5-33. “AN” Fuel Pump Drive. See figure 5-4. If the
engine is equipped with an “AN” fuel pump drive, assemble the unit as follows: Insert a new oil seal (1)
into the recess in the pump side of the fuel pump adapter assembly (3). Make sure that the seal is inserted
with the grooved side toward the adapter. Insert the
fuel pump drivengear (5) into the adapterbeing careful not to damage the seal. Using a new gasket attach
the assembly to the lower left side of the accessory
housing with nuts, plain washer and lockwashers. If
the engine is equippedwith fuel pump drive only place
a cover over the exposed end of the drive. If the engine is equipped with an AN fuel pump, install the
pump on the adapter instead of the cover.
5-34. See figure 5-5. Dual Drive (Vacuum Pump and
Propeller Governor) If the engine is equipped with a
vacuum pump and propeller governor dual drive, mount
the drive assembly on the vacuum pump mounting pad
at the upper right side and fasten with a l/4-20 nut,
three l/4-20 socket bead capscrews, and required
plain washers and lock washers. Mount the vacuum
pump and propeller governor on the dual drive hous-

1.
2.
3.
4.
5.
6.
7.

Hydraulic Pump Adapter
Dowel
Hydraulic Pump Drive Shaft Gear
Turbo Scavenge Pump Adapter
Gasket
Retaining Ring
Washer

DIRECT DRIVE AIRCRAFT

Section5
Accessory Housing

ing, usinganew gasket, and install the bracket between
the vacuum pump pad and pressure screen housing
mounting flange. Use spacer washers under ends of
brace if required for proper seating.
CAUTION
Brace must be seated properly so there is
no stress at either end of bracket when nuts
are tightened.
5-35. See figure 5-5. Dual Drive (Vacuum Pump and
Hydraulic Pump). If the engine is equipped with a vacuum pump and hydraulic pump dual drive, mount the
drive assembly on the vacuum pump mounting pad at
the upper right side and fasten with a 1/4-20 nut, plain
washer and lock washer on the short stud in the accessory housing. Install the vacuum pump and hydraulic
pump on the dual drive housing and fasten withrequired
nuts andwashers; then installthe bracket between the
vacuum pump pad andpressure screen housingflange.
Use spacer washers under end of brace if required for
proper seating.

8.
9.
10.
11.
12.
13.
14.

Figure 5-10. Turbo Scavenge and Hydraulic
Revised October 1974

ENGINES

Hydraulic Pump Drive Gear
Dowel
Oil Seal Ring
Gerotor Pump
Woodruff Key
Pin
Gil sea1
Pump Drive Assy. (G-540)
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CAUTION

Brace must be seated properly so there is
no stress at either end of bracket when nuts
are tightened.
5-36. Fuel Pump (Diaphragm Type) See figure 5-3.
Before installing the diaphragm type fuel pump make
sure that the pump drive plunger is all the way up and
the cam of gear is on the low side. If the plunger is
down when the pump is installed the pump arm will
contact the side of plunger and inturn will break out
the accessory case at bottom of plunger.
5-37. Turbo Scavenge Pump (Where applicable. ) See
figure 5-10 or 5-11. Assemble the pump assembly in
the reverse manner of disassembly and install on the
mounting pad on the lower right side of the accessory
housing.
5-38. Oil Scavenge Pump (AIO-360, -320). See figure
5-12. Assemble the pump assembly in the reverse
manner of disassembly and install on the mounting pad
on the lower right side of the accessory housing.
5-39. Oil Pressure Screen Housing. See figure 5-1.
Assemble screen in housing, assemble gasket and
housing on the mounting pad and secure with four capscrews or three capscrews and one nut (whichever is
applicable).

5-40. Thermostatic Valve and Oil Pressure Screen
Housing. See figure 5-1. Assemble screen, gasket and
thermostatic valve in housing. Assemble gasket and
housing on the mounting pad and secure with four capscrews or three capscrews and one nut (whichever is
applicable).
5-41. OilFilterandAdapter.
Seefigure 5-1. Assemble
gasket and thermostatic valve in adapter. Assemble
component parts of the filter assembly and attach to
the adapter with the center stud. Tighten center stud
to 20-25 foot pounds torque. Consult Service Letter
L-157 for detail information.
5-42. Oil Filter (Dual Magneto Housing) See figure
5-2. Assemble oil filter bypass valve spring (7), seat
(8) and sleeve (9) in the accessory housing and secure
in housing with an internal retaining ring (10). Assemble gasket andthermostatic oil cooler bypass valve (20)
in the accessory housing. Assemble component parts
of the mounting pad. Tighten center studto 20-25 foot
pounds torque. Consult Service Letter L157 for more
detail information.
5-43. Oil Cooler Bypass Valve Assembly. See figure
5-1. This assembly is used only in conjunction with
the oil pressure screen housing and the opening is pluggedwhen using either a thermostatic oil cooler bypass
valve and oil pressure screen assembly or oil filter
and adapter. Install plunger (12), spring (7), washer
(2) and plug (8).

5
6
4
2

1.
2.
3.
4.
5.

3

Prop. Gov. Drive Adapter
Dowel
Oil Seal Ring
Woodruff Key
Turbo Scavenge Pump Adapter

4

6.
7.
8.
9.
10.

External Ring
Washer
Prop. Gov. Drive Shaft Gear
Gerotor
Prop. Gov. Drive Shaft

Figure 5-11. Turbo Scavenge Pump and Governor Drive Assembly (0-360)
5-10
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CYLINDERS,
PISTONS
VALVE TRAIN

AND

6-1. The piston, being a reciprocating part, is normally grouped with the crankshaft in a theoretical
breakdown of the engine into basic components. However, from a practical standpoint, it is felt that the
piston should be considered with the cylinder insofar
as overhaul procedures are concerned. For example,
the basic configuration of the engine requires the removal and reassembly of the pistons at the same time
the cylinders are removed or replaced.

6-6. INTERCYLINDER BAFFLES. (Where applicable)
Using the intercylinder baffle tool (64885), turn the
baffle retaining hook so that it disengages the retainer.
Remove the intercylinder baffle and hook from between
the cylinders.

6-2. For the purposes of this manual, the valve train
will be considered as all parts of the valve operating
mechanism beyond the camshaft, beginning with the
hydraulic tappet assembly.

6-8. Deleted

6-3. Although subject engines employ either parallel
valve cylinders or angle valve cylinders with either up
exhaust or down exhaust, basic overhaul procedures
are the same for all cylinders. The overhaul procedures described in this section will be applicable to
all cylinder assemblies except as noted.
6-4. Either plain steel, chrome plated, or nitride
hardened steel cylinders may be employed on the engines discussed in this overhaul manual. The color
code for these cylinders is as follows:
a. Plain steel

All grey

b. Chrome plated

Orange paint on cylinder
fins below spark plug
hole.

c. Nitride hardened
steel

Blue paint on cylinder fins
below spark plug hole.

d. . 010inchoversize

Green when applied to
customer overhaul engines.

plain cylinders

e. . 020inchoversize

plain cylinders

Yellow when applied to
customer overhaul engines.
NOTE

A yellow color, on fins ABOVE sparkplug
hole, indicates that longreach sparkplugs
are used.
REMOVAL FROM ENGINE
6-5. It is assumed that the ignition harness, intake
pipes and primer or fuel injection lines have been previously removed.
Revised May, 1972

6-7. OILDRAINTUBES. Loosen hoseclamps at lower
end of tube and slide tube out of hose. Loosen gland
nut at cylinder head fitting and remove drain tube.

6-9. Deleted

6-10. CYLINDER ASSEMBLY (All models) Remove
rocker box covers and gaskets. Rotate the crankshaft
to place the piston of No. 1 cylinder at top center of
the compression stroke. (With the piston inthis position both valves will be closed and the piston exgended
away from the crankcase to avoid damage when the
cylinder is removed. )
6-11. PARALLEL VALVE CYLINDERS (Except0-235, O-290-D, -D2) See figure 6-1. Remove the
valve rocker shaft (8) and remove valve rockers (5)
and valve stem cap from exhaust valve stem. Remove
the push rod by grasping the end and pulling through the
shroud tube (1). Remove the plain nut (4) lockplate (3)
spring (2) and spacer. Pull the shroud tube (1) through
the cylinder head and discard the shroud tube seals.
6-12. (0-235, O-290-D, -D2). See figure 6-3. Remove valve adjusting nuts (19) and screws (18). Note
that the shroud tubes on these models cannot be removed until the cylinder is removed. Remove the valve
rocker shafts (14) and valve rockers (13 or 17). Remove the push rods (12) from the shroud tubes.
6-13. ANGLE VALVE CYLINDERS. See figure 6-5 or
6-6. Remove rocker shaft covers (31) and gaskets.
Pushvalve rockers shafts (20) outward to allow clearance for removal of valve rockers (22) andthrustwashers (23). Remove valve stem cap (32). Do not attempt
to remove valve rocker shafts until the cylinder is removed. Remove the push rods (13) by pulling through
the shroud tube (18). Using shroud tube wrench (ST- 142)
turn each shroud tube 90° either way, this releases
the detent on tube from spring. Remove the tubes by
first releasing them from the seal seats in cylinder
head and then withdrawing tubes from seal retainers in
crankcase. Remove shroud tube seal sleeves (19) and
seals (14) from end of shroud tubes; also remove
seals from crankcase. Discard all seals. Place washer
(15), springs (17) and sleeves (19)in the cleaningbasket.
6-1
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6-17. HYDRAULIC TAPPET PLUNGERS. (Where applicable) Using hydraulic tappet tool (64941), remove
the push rodsocket by placing heavy grease on ball end
of ‘T”, inserting the ball end in socket and withdrawing, the socket will adhere to the grease. Using the hollow end of the tool pushingit over theplunger and withdrawing the hydraulic tappet plunger. In the event the
hydraulic tappet tool is not available, remove the push
rod sockets with fingers or by using a pair of needlenose pliers. (See figure 6-7.) Bend a right angle in one
end of a piece of wire and insertthis end into the space
between the plunger assembly and the tappet body. Turn
the wire 90° to engage a coil of the spring and draw out
the hydraulic tappet plunger assembly as shown in figure 6-8.
CAUTION

1.
2.
3.
4.
5.

Shroud Tube
Shroud Tube Spring
Shroud Tube Lockplate
Plain Nut
Valve Rocker

6.
1.
6.
9.

Rocker Box
Valve Spring Seat
Valve Rocker Shaft
valve Keys

It is imperative that the various parts of
each tappet assembly be kept together during all overhaul operations, in order that
all component parts may he reassembled
with their original mating parts and each
completed assembly inserted in its original location in the crankcase.

Figure 6-1. Method of Securing Shroud Tubes
Parallel Valve Cylinder (except O-235, 0-290-D, -D2)
6-14. (All Models.) Ifcylinder base hold down nuts employ pal-nuts or are lockwired, remove. Neither palnuts nor lockwire are currently employed. Remove the
cylinderbase hold down nuts (and hold down plate where
employed); then remove the cylinder by pulling straight
away from the crankcase. As the cylinder is pulled
away, catch and hold the piston to prevent it falling
against the crankcaseand being damaged. If the valve
rocker shafts have not been previously removed, remove at this time. Discard cylinder base oil seal rings.
6-15. Pistons. Remove piston pin plugs from the piston. Using a piston pin puller (64843), pull pin from
piston and remove piston.
CAUTION
After the removal of a cylinder and piston
the connecting rod must be supported to
prevent damage to the rod and crankcase.
This is done by supporting eachconnecting
rod with torque hold down plate ST-222,
rubber band (discarded cylinder base on
seal rings) looped around the cylinder base
studs or using_plates
as shown in figure
_
6-2.
6-16. Removal of the other cylinders and pistons may
he done in any desired order, but less turning of the
crankshaft is involved if the’ cylinders are removed
successively in the engine’s firing order l-3-2-4,
l-4-5-2-3-6
or 1-5-8-3-2-6-7-4.
CAUTION
Do not use a magnet to remove the socket
or plunger assemblyfrom the engines it
could cause the hall to remain off its seat
making the unit inoperative.
6-2

Figure 6-2. Two Methods Of Supporting
Connecting Rods
Revised October 1974

26.
27.
28.
29.
30.

6
7
8
9
10

2

31.
32.
33.
34.
35.
36.
37.

Drain tube
Hose clamp
Hose
Nipple
3/8 inch cylinder base nut
(0-235-C)
Nut, lockwasher, washer
Exhaust flange
Exhaust flange gasket
Valve key
Valve spring seat
Outer valve spring
Inner valve spring

36
13

15

32

16

19

31

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

c

C

33

Spark plug insert
Outer valve spring seat
Inner valve spring seat
1/2 inch cylinder base nut
(0-290-D, -D2)
3/8 inch cylinder base nut
(0-290-D, -D2)
Exhaust valve seat
Intake valve seat
Exhaust valve
Intake valve
Shroud tube seal
Shroud tube
Push rod
Valve rockers (0-290-D2)
Valve rocker shaft

m
I

z

35
34

1.
2.
3.
4.

0

n
m
-4

15. Rocker shaft bushing
16. Exhaust valve guide
17. Valve rocker
(0-235-C, O-290-D)
18. Valve adjusting screw
(0-235-C, O-290-D)
19. Nut (0-235-C, 0-290-D)
20. Screw
21. Rocker box cover
22. Intake valve guide
23. Rocker box gasket
24. Valve rocker bushing
25. Elbow
Figure 6-3. Parallel

Valve Cylinder Assembly

91

21
20

(0-235,

0-290-D,

-D2)
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DISASSEMBLY
6-18. CYLINDER. Place cylinder over the cylinder
holdingblock (64526-1, or -2), assemble valve spring
compressor
(ST-25) on cylinder, and compress valve
springs far enough to remove the valve retaining keys.
NOTE
If keys are stuck tight in spring seat, a
light blow with a leather mallet on top of
compressor
will release keys.
6-19. Remove all valve spring seats and springs from
rocker box, keeping parts for each valve separate.
Hold valves by the stems to keep them from dropping
out of the cylinder, and remove cylinder from holding
block. Now reach inside of cylinder and remove valves.
If difficulty is experienced in pulling the tops of the
valve stems through the valve guides, push the valves
back in position and clean the carbon from the stems.
CAUTION
Figure
Do not drive the valves through

the guides.

6-20. Place each valve, with its springs,
seats and
keys in its proper compartment
of the cleaning and inspectionbasket
(64553). No further disassembly of the
cylinder is necessary unless inspection warrants the
replacement
of valve guides, valve seats, or primer
nipple.
6-21. PISTONS. Usingthepiston
ringexpander
(64528
or 64713), remove the rings from all pistons. Remove
the rings in order, starting withthe top ring andworking down. Be careful not to scratch or score piston
when removing rings.
6-22. HYDRAULIC TAPPETS. (See figure 6-9. ) Push
spring end of hydraulic tappet plunger, turn approximately one-quarter turn in clockwise direction and pull
it from the cylinder. Do not further disassemble
any
parts of tappet assembly.

6-8. Removing Hydraulic
Plunger Assembly

Tappet

CA UTION
Keep plunger and cylinder of each assembly together. They are very closely and
selectively
fitted together during manufacture and are not interchangeable.
C LEANING
6-23. Clean all cylinder, piston and valve train parts
in accordance with the general instructions
described
in Section III. Specific instructions
follow:
6-24. HYDRAULIC TAPPETS. Usethecleaningbasket
in order to keep the valve operating mechanism parts
separate.
Dip the basket, with all parts contained in
their proper compartment,
inpetroleum
solvent. Hold
the ball check valve in each plunger cylinder off its
seat by inserting a light copper wire or other relatively soft material through the tube on the cylinder
andwashthoroughly
so that any dirt particles that may
be underthe ball seat willbe washed out. After washing the parts of each hydraulic tappet assembly,
replace the parts in the proper compartment of the cleaning basket.
CAUTION
It is imperative that various parts of each
tappet assembly be kept together during the
overhaul operations, in order that all component parts may be reassembled
with
their original mating parts and each completed assembly inserted in its original
location in the crankcase.
In the event
parts are intermixed,
discard, and install
new assemblies.
INSPECTION

Figure 6-7. Removing
Revised

October

1974

Push Rod Socket

6-25. Inspect allcylinder,
piston andvalve train parts
in accordance with the generalinstructions
described
in Section m. Specific instructions
willbe found inthe
following paragraphs,
possible revisions will be found
later in the section.
6-7
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dd. Minimum fillet at the root of the removed portion of the fin is one quarter
inch radius. Minimum corner at top of
fin adjacent to the removed portion is
one half inch radius.
(b) Fins other thanthe above may be accepted
provided not more than one crack per fin and
its depth is no closer than 1/4 inch from the
base of the metal and a fin stabilizer is used
to reduce vibration and further deepening of
the crack.
2. Physically damaged, broken or bent fins.

1.
2.
3.
4.
5.
6.

Shroud Tube
Push rod socket
Plunger spring
Oil pressure chamber
Oil hole
Oil supply chamber

7.
8.
9.
10.
11.
12.

Camshaft
Tappet body
Cylinder
Ball check valve
Plunger
Push rod

(a) The blended area for any one fin shall not
exceed 3/8 square inches, nor 3/8 inch in
depth.
(b) No more thantwoblended areas on anyone
fin.

Figure 6-9 Diagram of Hydraulic Tappet
6-26. CYLINDER HEAD (VISUALINSPECTION). Examine the cylinder head thoroughly, checking for the
following possible defects.
a. Loose, scored, pitted or otherwise damaged valve
seats. (Mark for replacement. )
b. Loose or damaged studs. (Replace with 0.003,
0. 007 or 0. 012 oversize studs).
c. Loose or damaged spark plug heli-coil inserts.
(Mark for replacement with oversize insert. )
d. Loose, cracked or scored valve guides. (Mark
for replacement. )
e. Nicked, scored or dented mountingpads.
and exhaust ports, rocker box covers. )

(Intake

f. Cooling fins. The following standards shall prevail insofar as acceptance or rejection of cylinder heads
are concerned.
1. Cracked fins.
(a) Fin adjacent to the exhaust port flange.
(1) Stop drilling, a 3/16 inch diameter hole
through the end of the crack is permissible
providing the end of the crack is at least 1/4
inch from the base of the metal.
(2) Fin removal to eliminate crack and reduce vibrating mass is permitted provided:
aa. Maximum removal is no more than
one half the total fin width.
bb. Maximum removal is in accordance
with figure 6-10.
cc. No burrs or sharp edges are permitted.
6-8

(c) No more thanfourblendedfins on thepush
rod side of the head. No more than sixblended
fins on the anti-push rod side of the head.
(d) Inadditionto the above, it is recommended
that a fluorescent penetrant inspection of the
cylinder be made. Pay particular attention to
the following areas.
(1) Between the 15th and 20th cylinder fin
(counting from the top) on exhaust port side
of cylinder.
(2) The area around the lower spark plug
counterbore.
6-27. CYLINDER HEAD (DIMENSIONAL INSPECTION). Check the ID of each intake valve guide (it is
recommended that exhaust valve guides be replaced at
overhaul) with the flat plug rejection gage (ST-81).
Check the diameter and out-of-roundness of the guide
bore by checking with the gage at a minimum of two
positions 90 apart. If the gage enters the guide at any
of the positions tested, markthe guide for replacement.
Check the ID of the rocker shaft bushings in the cylinder head, using the flat plug rejection gage (64613).
Be sure to use the end of the gage marked "Cyl. Head".
The opposite end, marked "Rocker Bushing" is 0. 0015
inch larger in diameter by virtue of the greater wear
limit allowed on the valve rocker bushing. As in the
case of the valve guides, check for out-of-roundness
by trying the gage at several different points on each
diameter being checked.

-MAX.FIN REMOVAL
TOTHISLINEONLY.
NEVERENTERBASE METAL.
Figure 6-10. Maximum Fin Removal

OVERHAUL MANUAL

AIRCRAFTENGINES
LYCOMING DIRECT DRIVE AIRCRAFT

6-28. CYLINDER BARREL (VISUAL INSPECTION).
In additionto a thorough inspection of the cylinder barrel to ascertain its general condition, make the following specific checks:
a. Cooling Fins. It is recommended that notches
or nicks be profiled with a hand grinder or file. A
cracked cylinder barrel is cause for rejection of the
cylinder.
b. Cylinder Skirt. Replace any cylinder having a
bent, cracked or broken skirt.
c. Check mounting flange for cracks, nicks or
warping.

Section
6
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NICKS
ORSCRATCHES
INTHISAREAARECAUSE
FORREJECTION.

.002 IN.UNDERSIZE
DIA.
PERMISSIBLE
IN THIS
AREAONINCONEL
VALVES
ONLY.

d. Inspect interior of barrel for scoring or corrosion. Minor damage can be repaired by regrinding or
honing; deep scoring or pitting, however, is cause for
rejection of the cylinder.
e. Inspect interior of nitrided
glaze and a possible ring wear step
the piston reverses travel at the top
pair of these items is fully described
tion No. 1047.

barrel for barrel
at the point where
of the stroke. Rein service Instruc-

6-29. CYLINDER BARREL (DIMENSIONALINSPECTION). Dimensional inspection of the barrel consists
of the following measurements (the numbers in parenthesis refer to the applicable reference numbers in the
Table of Limits):
a. Fit between piston skirt and cylinder (519).
b. Maximum taper of cylinder walls (520)
c. Maximum out-of-roundness

(521).

d. Bore diameter (522).
NOTE
All measurements involving cylinder barrel diameters must be taken at a minimum
of two positions 90° apart in the particular
plane being measured. All measurements
of nitrided barrels must be made in the
straight portion below the starting point of
the choke, or at least two inches below the
top of the barrel.
THISPARTOF PISTON
HAS LARGERDIAMETER
THAN RINGLANDS.
STRAIGHTEDGEMUST
BE USEDAS SHOWN.

Figure 6-12. Area to Inspect Valve Stems
6-30. CYLINDER HOLD DOWNPLATE. The cylinder
hold down plate must be flat within 0. 003 inch when
clamped with five pound pressure to a perfectly flat
surface. If the plate is distorted or warped more than
0. 003 inch, it must be replaced.
6-31. PISTON (VISUAL INSPECTION). Examine the
top of the piston for excessive pitting, cavaties or surface distortion. The latter may be evidence of detonation, particularly if the piston has been in service for
a relatively short time. Other critical points which
must receive thorough visual examination are the piston ring lands and grooves, piston pin holes, and piston
pin holes bosses.
6-32. PISTON (DIMENSIONAL INSPECTION). Make
the following dimensional checks on each piston (the
numbers in parenthesis refer to the applicable reference numbers in the Table of Limits.
a. Side clearance between piston ring and piston (514,
515, 516and517). Pistons forAvco Lycoming opposed
engines are ground with a slight taper from the skirt
to the head, with the exception of the lands between the
top compression and oil control rings, which are ground
parallel. The clearance on wedge type compression
rings therefore, must be measured as shownin figure6-11 in order to obtain a true check of the side
clearance.
b. Inside diameter of piston pin hole (512).
c. Clearance between piston skirt and cylinder and
piston diameter at top and bottom (519).

Figure 6-11. Method of Checking Piston Ring
Side Clearance

6-33. PISTON PIN AND PISTON PIN PLUGS. Check
OD of piston pin against ID of hole in piston (reference
512, Table of Limits). Measure fit between piston and
plugs and check OD of plugs (reference 513, Table of
Limits). Examine interior surfaces of piston pin for
corrosion or pitting.
6-9
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FACEOF VALVEMUSTRUN
TRUEWITHSTEMWITHIN
.0015

6-40. Using an optical magnifier, examing the valve in
the stem area and the tip for evidence of cracks, nicks,
tool marks, or other indications of damage. Damage
of this nature seriously weakens the valve, making it
liable to failure. Any valve having a nick, with ragged
edges more than 1/16 inch inlength should not be reused. A nick or tool mark of any sort in the keeper
groove of an exhaust valve is sufficient reason for not
reusing the valve. See figure 6-12.
6-41. If superficial nicks and scratches in the valve
indicate that the valve might be cracked, it should be
inspected by a magnetic particle or dye penetrant
method. Dye penetrant procedures should be carried
out strictly within the recommendations of the manufacturer of the penetrant.

Figure 6-13. Valve Showing Locations for
Checking Run-Out and Section for
Measuring Edge Thickness
6-34. VALVE ROCKERS. Damaged, badlyworn, pitted
or scored tips and push rod sockets warrant replacement of the rocker. Check the IDof the rockerbushing
at severaldifferent positions with a flatplug rejection
gage (64613). This is adouble-endgage; be suretouse
the end marked "Rocker Bushing". If the gage enters
the bushing at any point, mark the bushing for replacement.
6-35. PUSH RODS. Inspect push rods for wear or
looseness of ball ends. If ball ends are loose, replace
the rod. Rod must be straight within . 010 inch.
6-36. VALVES. Remove the valves from the cylinder
and clean to remove soft carbon and examine visually
for physical damage, damage due to burning or corrosion. Valves that indicate damage of this nature must
not be released.
NOTE
Exhaust valves (except Inconel exhaust
valves) should never be reused. Inconel
exhaust valves may be reused if they comply with requirements of the following inspection.
6-37. Do not reuse valve inwhich stem diameter midway of valve measures less than that measured at the
key end; exceptinginconel valves which may be 0. 002
inch undersize on stem diameter as shown in figure
6-12.
6-38. Check runout of valve face. See figure 6-13.
Total runout must not exceed .0015 inch. Do not reuse any valves that exceed this limit.
6-39. Measure edge thickness of intake valve heads.
See figure 6-13. If, after refacing, "A" is less thanthe
limit showninTable VI-I, thevalve must notbe resued.

TABLE VI-I
Intake Valve

Part No.
60037
66429

Min. Permissible
Edge Thickness
.040 inch

Engine
Series
0-235,

LW-11901

-290-D
0-435-A

67905

.050 inch

O-290-D2,0-320,
0-360, IO-360,
VO-360, 0-540

73938

. 060 inch

O-290-D2, 0-320,
AIO-320, IO-320,
LIO-320, 0-340,
0-360, IO-360,
HO-360, HIO-360,
IVO-360, VO-360,

0-540,
73129
LW-13622

.075 inch

67518

.085 inch

71953
72612
73117

IO-540,
TIO-540

IO-360, LIO-360,
AIO-360, 10-540,
TIO-540, LTIO-540,
IO-360, HIO-360,
TIO-360, IO-540,
IO-720

73876
6-42. Critical areas include the face and tip both of
which should be examined for pitting and excessive
wear. Minor pitting on valve faces can sometimes be
removed by regrinding; otherwisethe valve should be
rejected. Replace any valve that has operated with a
collapsed hydraulic tappet, regardless of the number
VALVEFACE.DO NOTINCLUDE
WHENMEASURING
THICKNESS

NOTE

The edge of intake valve heads are generally formedasshowninfigure
6-14. The
thickness "A" can best be measured with
an optical comparator; however, it can be
measured with sufficient accuracy by
means of a dial indicator and a surface
plate, as shown in figure 6-15.
6-10
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Figure 6-17. Appearance of Spalling Marks
on Face of Hydraulic Tappet Bodies
Any indication of distress,
surface irregularity
or
featheringat
the edge of the lobe is cause for rejection
of the camshaft.
NOTE
Each tappet face will have one or two
Rockwell marks (figure 6-18) which is not
cause for rejection, and this is notto be
confusedwith a spalled or pitted condition
as shown in figure 6-17.

-

Figure 6-15. Method of Checking
Valve Edge Thickness with Dial Indicator
of hours onthe valve. (See inspection of hydraulic tappets. ) Check the clearance between the valve stem and
guide (reference
528, Table of Limits for exhaust
valves, and reference
529 for intake valves).
6-43. HYDRAULIC TAPPET BODIES. If for any reason a new camshaft is to be installed in the engine, or
the cam lobes are conditioned by regrinding, all of the
tappet bodies must be discarded and replaced with new
tappet bodies.
6-44. Checkthe tappet bodies for identification.
Those
bodies with no identification marks as shown infigure
6-16 must be discarded.
6-45. Check the face of the tappet body for signs of
spallingor
pitting (figure 6-17). Any face whichshows
this condition is cause for rejection, and the tappet
body must be replaced with a new tappet body. It is
recommendedthat
a magnifyingglass
(min., 10power)
be used for this purpose.
6-46. When a tappet body is rejected because of spalling, a visual inspection of the nose of the cam lobe
with a magnifying glass (min. 10 power) must be made.

GROOVE
UNDER
HEAD

PIMPLESUNDERHEAD

Figure
Revised

October

1974

6-16.

I-GROOVE

Identification

6-47. Circular wear patterns on the face of the tappet
body are also cause for rejection of the part. Each
face may have circular discoloration
due to rotation of
the body which is not cause for rejection, however, if
the surface has a wavy appearance the part should be
rejected (figure 6-19).
6-48. Examine the interior of the bore in the tappet
body using a small flashlightto
illuminate the interior
surfaces.
If any appreciable amount of wear has occured at the interior shoulder (which serves as a seat
for the plunger assembly) a feather or chipped edge
will be visable around the shoulder (figure 6-20). The
existence of this feather or chipped edge is cause for
rejection of the entire tappet assembly.
6-49. Test the tappet body for structural
failure
through the use of the magnetic particle method. This
requires a machine (which uses 440 line volts), a copper adapter and a holding fixture ST-387. The tappet
bodies are inspected in the following manner:
a. Clean the edge of the face with medium grade
sandpaper and any Ferrox coating (figure 6-22).
b. Placethe tappet body in the holding fixturewith
the adapter inserted in the body.

2-GROOVE

of Hydraulic

UNDER
CUT

DOUBLERIB

Tappet Bodies
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ROCKWELLMARKS
I

Figure 6-18.
c. Tighten
fixture.

IF THIS SURFACEAPPEARSWAVY
THE PARTMUSTBE REJECTED

Rockwell Marks

to hold the assembly

securely

Figure 6-19. Circular
Face of Hydraulic

Wear Pattern
Tappet Body

on

in the

d. Pass a current of 500 amps through the tappet
body for 1/2 to 3/4 of a second while the solution is
running over tappet body. Seams and cracks will be
coated black and can be easily identified.
CAUTION
When it has been determined that a tappet
body is serviceable,
it must be installed in
the same position from which it was removed. No attempt shouldbe made to salvage rejected or marginal parts. Under no
circumstances
should the face of the tappet body be touched with abrasives as such
a practice will result in early failure.
6-50. HYDRAULIC PLUNGER ASSEMBLY. Various
hydraulic plunger assemblies
are used in subject engines. (Consult Service Instruction No. 1011). These
assemblies are differentiatedby
the leakdown rate. At
disassembly
of the engine check the P/N on the hydraulic plunger assembly.
Hydraulic plunger assemblies must be usedin sets and it is notpermissible
to
mix assemblies inthe same engine. It is recommended
the following procedure be followed at overhaul:
CAUTION
All parts of each hydraulic plunger assembly are selectively fitted and these parts
are not interchangeable.
It is imperative
that mating parts be kept together and not
withother assemblies.
If any doubt exists
as to whether the parts have become mixed,
install new hydraulic plunger assemblies.

6-53. Make a visualinspection
ger assembly for cracks.

of the body of the plun-

CAUTION
Although the tappet body may be submitted
to the magnetic particle method, at no time
is it permissible
to submit any part of the
hydrualic plunger assembly to this method.
6-54. The hydraulic plunger assembly
may now be
cleaned with clean solvent and then backflushed with
clean solvent.
6-55. Check the plunger assembly
valve in the following manner:

for a leaking check

a. Dip the plunger in light machine or engine oil.
(Extra fast leakdown only. All other plunger assemblies must be checked dry. )
b. Hold the hydraulic cylinder between the thumb
and middle finger in avertical
position with one hand;
then place the plunger inposition so that it just enters
the cylinder (figure 6-25).
c. Depress the plunger quickly with the index finger
and if the plunger bounces back, the unit may be considered satisfactory.

ROUGH FEATHERED
EDGE

SMOOTH
MACHINED
SHOULDER

6-51. As the hydraulic plunger assemblies
are removed from the engine, check for chipping of the seating shoulder (figure 6-23).
6-52. Line the hydraulic plunger assemblies
side by
side on a flat surface and lay a straight edge across
the shoulder surface (figure 6-24). Any plunger assembly that is more than 1/32 inch below the straight
edge is "collapsed" and must be rejected.
6-12

WORN

Figure

BODY

NEW

BODY

6-20. Appearance of Interior Shoulder
in New and Worn Tappet Bodies
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'

COPPER

2
REQD.COPPER

IREQD. COPPER

DET. NO
NO. REQ.

FIBER
COPPER
STOCKSIZE

MATERIAL

Figure 6-21. Dimensions for Making Holding Fixture
d. When the plunger does not bounce back but remains collapsed, it is an indicationthat the ballcheck
valve is not seating properly. When this condition exists, the hydraulic plunger assembly is defective and
must be replaced.
NOTE
When an intake or exhaust valve hydraulic
plunger assembly has proven to be defective, the valve itself must be replaced as
well as the hydraulic plunger assembly.
6-56. To assemblethe unit, unseattheballby inserting
a thin clean bronze wire through the oil inlet hole.
With the ball off its seat, insert the plunger and twist
clockwise so that the spring catches.
6-57. DETECTION OF MAGNETIZED HYDRAULIC
PLUNGER ASSEMBLIES. If the parts of ths plunger
assembly become magnetized the plunger may remain
in a collapsed position. Check the parts for magnetizationwith a compass or smallironwire.
In the event
Revised

October

1974

that any of the parts are magnetized, the plunger assembly must be replaced.
6-58. VALVE SPRINGS. Check the condition of all
valve springs on a suitable spring tester, using the
loads and deflections as given in references 800 and
801, Table of Limits.
MODIFICATIONS

6-59. Several modifications have been made to various installations of the subject engines. It is suggested that the following publications be consulted to
ascertain whether or not your particular installation
has been affected. Avco Lycoming Service Bulletin
No. 253 and 273. Avco Lycoming Service Instruction
No. 1035, 1073, 1123, 1135, 1136, 1262, 1280and1302.
REPAIR AND REPLACEMENT

6-60. General instructions for the repair of cylinder,
piston and valve train parts willbe found in Section III.
Specific Instructions follow.
6-13
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REMOVEFERROXCOATINGFROM THIS
SURFACEBEFORE MAGNAFLUXING
MACHINE S

Figure

6-24.

Checking Plunger

Assembly

NOTE
When inspection reveals the necessity of
replacing a spark plug heli-coil insert, it
must be replaced with a . 010 inch oversize insert.
A .010 inch bottoming tap
(64596-1) is available.

Figure

6-22. Surface to be Cleaned
of Ferrox Coating

6-61. SPARK PLUG THREAD INSERT. Spark plug
thread inserts which were rejected during inspection
are removed and replaced as described in the following
paragraphs.
tool
6-62. Insert the extracting
plug hole so that the edges of the
thread of the insert.
Rotate the
clockwise direction,unscrewingthe

(64595) in the spark
tool cut into the top
tool in a counterinsert from the hole.

6-63. A new insert may be installed by use of the inserting tool (64594). Withdraw the mandrel part of the
tool beyond the recessed section of its sleeve. The inInto the recess and the
sert may then be assembled
mandrel advanced to engage its slotted end with the
tang of the insert. Rotate the mandrel clockwise and
press forward slightly; this will engage the insert in
threaded end of sleeve. Continue to rotate the mandrel
while holding the sleeve thus securing the insert firmly
on the inserting tool. The insert may then be. wound
through the threaded portion of the sleeve within one
half turn from the end of the coil.

6-65. When screwing the insert into the hole in the
cylinder head, be sure that the first coil picks up the
first thread. As the tool is turned, the insert will advance into the hole. When the face of the sleeve is
1/16 inch from the face of the boss,
approximately
the inserting tool should be held tightly by the handle
with the other
and the sleeve rotated counter-clockwise
hand, freeingthe left half-turnof the insert. Bysliding
the sleeve toward the top of the mandrel, the end of the
insert can be seen projecting
above the boss. The
mandrel shouldthen be rotated in a clockwise direction
until the insert disappears from sight. When this position is reached,
the turning action should be stopped
and the tool withdrawn. The top of the insert will be
one half turn from the face of the boss.
approximately
However, if it is not, the tool should be reassembled
and the insert turned until it is about one half turn
from the face of the boss.
6-66. The tang of the insert can be broken off with
needle-nose
pliers at the location of the notch. Then

6-64. The adjustable brass screw on the sleeve tends
to act as a brake, preventing the insert from unwinding.
It is important that the insert be kept tight on the mandrel to facilitate its assembly in the threads of the cylinder head. The insert shouldbe wound so that the adjacent turns of the insert are in contact with each other.
This will eliminate the possibility of crossed threads.
CHIPPED SHOULDER

Figure
Figure
6-14

6-23.

Chipped Shoulder

6-25. Checking Hydraulic
Assembly for Leaks

Plunger

Revised July,

1967
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using the expanding tool (64593), secure the insert
firmly in the spark plug holes. The limit of expansion can be kept within the thread gage limits by fixing the stop nut on the expanding tool at the correct
position. After expanding the insert, it may be staked
by assembling the staking sleeve over the mandrel until
the sleeve meets the boss. A slight blow on the top of
the sleeve will impress a slight chamfered edge around
the periphery of the tapped hole. The staking sleeve
may then be removed and adjusting screw released,
and the expanding mandrel removed from the insert.
6-67. GRINDING VALVE SEATS. See figure 6-26.
The ID of the valve guide is used as a piloting surface
for all valve seat reconditioning
operations.
Grind
valve seats, using suitable grinding equipment, to 30 °
angle on intake valve seats and 45 ° angle on exhaust
valve seats. Grind to the dimensions
called out in
figure 6-26. Proceed in the following manner.
6-68. On intake valve seats, use a 15 ° grinding wheel
to grind the top surfaces of the valve seat to produce
the outer face diameter (dimension "A"). Bring the face
of the intake valve seats to the specified width (dimension "C") by narrowing the throat with a 75 ° wheel.

6-71. VALVE SEAT REMOVALAND REPLACEMENT.
Valve seats that are loose, damaged or worn to the extent that they cannot be reground to the dimensions
shown in figure 6-26 must be replaced.
NOTE
When it is necessary
to replace intake or
exhaust valve seats, the recess inthe cylinder head mustbe cut . 010, .020 or . 030
oversize and the corresponding
oversize
seat installed.
6-72. VALVE SEATS. The "Flat" type seat employed
on some earlier series engines differs from the "Allison" type seat employed on all current subject engines. See figure 6-28 for sectionalviews
of both seats.
These seats are not interchangeable.
6- 73. Place the applicable valve seat replacement fixture on a suitable surface and fasten securely.
Fabricate a removal tool in accordance with the materials
and dimensions shown in figure 6-29.

6-69. Onexhaustvalve
seats, use a 15 ° grindingwheel
to grind the top surface of the valve seats to produce
the outer face diameter (dimension "B"). The width of
the exhaust valve seats should not conform to dimension"D".

6-74. Heat cylinder to a temperature
of 600°F. and
secure to fixture. Soak the sponge of the removal tool
in cold water. Insert the tool down through the valve
seat, the seat will shrink and cling to the sponge. Withdraw the tool being careful not to cock the seat. This
entire procedure should be performed as swiftly as
possible after removing the cylinder from the heat.

6-70. If seat wear has progressed
to the extent that
the entire face of the 15 ° narrowing wheel must be
brought into contact with the seat in order to achieve
the specified
diameter,
the seat must be replaced.
(See figure 6-27).

6-75. Measure the ID of the valve seat recess in the
cylinder head. Compare the measurement with the original manufactured diameter of the recess (see Table
of Limits) and determine which oversize seat is to be
installed.

"A"

"B"

15°

MODEL
All parallel valve head
cylinder assemblies
except 0-235-C,
O-290-D,
0-235-C
O-290-D, 0-435-A
All angle valve head
cylinder assemblies

"A" (INTAKE)

"B" (EXHAUST)

"C" (INTAKE)

"D" (EXHAUST)

2.145/2.155

1.740/1.750

.076/.117

.058/. 077

1.965/1.975
2.013/2.023

1.722/1.732
1.740/1.750

. 032/. 067
.076/. 117

.091/. 106
.058/. 077

2.334/2.344

1.816/1.826

.074/.

.091/.106

0-435-A

Figure

6-26. Valve Seat Dimensions

093
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TABLE VI-II

VALVE SEAT REPLACEMENT

TOOLS

VALVE SEAT RECESS CUTTER
ID Valve Seat Hole in Cylinder
2.280-2.281
1.733-1. 735
2.073-2.075
1.926-1.928
1.918-1.920
2.087-2.089
1.994-1.996
-1 Indicates
-2 Indicates
-3 Indicates

Head

Part No.
ST-51-1,-2,-3
ST-52-1, -2,
ST-53-1, -2,
ST-54-1, -2,
ST-56-1, -2,
ST-57-1, -2,
ST-58-1, -2,

-3
-3
-3
-3
-3
-3

. 010 inch oversize
. 020 inch oversize
. 030 inch oversize
VALVE SEAT RECESS CUTTER PILOT

ID Valve Guide Hole in Cylinder
.5913-.5923
.6613-. 6623
.6247-.6257

Head

Part
ST-66, -1,
ST-67,-1,
ST-68, -1,

ST-66 is standard
-1 Indicates . 010 inch oversize
-2 Indicates . 020 inch oversize

No.
-2, -3, -5
-2, -3, -5
-2, -3, -5

ST-66 is standard
-3 Indicates . 030 inch oversize
-5 Indicates . 005 inch oversize

VALVE SEAT REPLACEMENT

DRIFT

ID of Valve Seat
1.870-2.060
1.474-1.730

Part No.
ST-64
ST-65
VALVE SEAT REPLACEMENT

FIXTURE
Part No.
64520
64696

Parallel Valve Cylinder Heads
Angle Valve Cylinder Heads
VALVE SEAT RECESS CUTTER DRIVER

Part No.
ST-62
ST-63

Used with all ST-series cutters
Hand drive adapter
6-76. Refer to Table VI-II and select the proper cutter andpilot. Installthe pilot in the cutter, tighten and
install cutter in special drive. Install on drill press and
proceed to cut the recess in the cylinder heat to proper size. Note that the pilot engages the ID of the valve
guide hole in the cylinder head. Remove no more metal
from the bottom of the recess than is necessary to clean
up the major diameter.

REPLACESEATIF
WHEELPRODUCES
GRINDINGSTEP
HERE

6-77. In the event the seats are to be cut by hand, install the hand drive adapter over the special drive and
using a "T" handle proceed to cutthe recesses as described in the proceding paragraph.

15 NARROWING
WHEEL

VALVESEAT
PILOT

°
6-78. Heatcylinderto600
to 650°F. (315°to343 ° C.)
and secure to applicable replacement
fixture. Place
new seat on replacement
drift (refer to Table VI-II
for correct drift) and drive seat into the recess in the
cylinder head by tapping end of drift with hammer.

6-16
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Figure 6-27.

Rejection of Valve Seat
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guide. From cylinder barrel end insert the bolt (3/8-24)
into the end of the 3/4 inch bolt. Tighten the 3/8 bolt
until snug against the valve guide. Turn the nut in
rocker box in a clockwise direction until valve guide
is out of cylinder head.
6-83. VALVE GUIDE SELECTION. Check each valve
guide hole in the cylinder headwiththe applicable valve
guide hole plug gage. (See Table VI-III). Determine if
the same size guide may be used or whether the next
oversize guide is required.

Figure 6-29. Difference Between "Flat"
and "Allison" Type Valve Seat
6-79. Proceedto
grindthe faces of the newly installed
valve seats as described in paragraphs
6-67 through
6-69.
NOTE
Whenever a newvalve seat is installed, it
is required that its matching valve guide
be replaced. This will assure concentric
grinding of the new seat.
6-80. VALVE REFACING. Place valve in a suitable
valve refacing machine (Snap-On VR-300) or equivalent. Set refacer to 30 ° for intake valves and 45 ° for
exhaust valves. Using a soft #80 grit wheel, remove
no more metal than is necessary to cleanup pits in the
valve face or to correct any apparent warping condition.
Round off with a hand stone any sharp or burred edges
left around the valve face after refacing; this is best
accomplished
while valve is turning in the refacing
machine.
6-81. VALVE GUIDE REPLACEMENT.
Damaged or
worn valve guides are removed and new guides installed in accordance with the procedures
described
in the following paragraphs.
6-82. VALVE GUIDE REMOVAL. Screw the nut of
valve guidepuller
(ST-49) tothe head of bolt (3/4-16).
Place the retainer over valve guide inside of rocker
box. Insert the bolt (3/4-16) into the retainer and valve

6-84. VALVE GUIDE INSTALLATION. Mount the applicable valve guide replacement
fixture (See Table
VI-III) on a drill press table. Fasten cylinder securely
in place onthe fixture and set the fixture to the proper
angle for the guide being ins talled. (11 45 minutes for
intake valve, 12 ° 40 minutes for exhaust valve).
6-85. If it has been determinedthat
the next oversize
guide is required, select the appropriate reamer (See
Table VI-III) and proceed as follows. Mount the reamer
in the drill press spindle and ream the valve guide hole
in the cylinder head. Check the reamed hole with the
corresponding
gage (See Table VI-III).
6-86. Heat the cylinderto
350°F. -400°F. for a minimum of one hour. Place the new guide on the appropriate valve guide installation drift (See Table VI-III)
and insert the guide in the hole in the cylinder head.
Drive the guide to a firm seat with sharp hammer
blows on the end of the drift. Allow the cylinder to
cool. Ream the valve guide with the appropriate
valve
guide ID reamer and check the finished ID with the corresponding valve guide ID gage (See Table VI-III).
6-87. VALVE ROCKER THRUST WASHERS. Excessive side clearance between the valve rocker and cylinder head (reference 533, Table of Limits) caused by
excessivewear
on the inner rocker shaft supportboss
may be brought within limits in the following manner:
a. Use the inner rocker shaft spotfacer (64862) to
clean up the surface of the inner rocker shaft support
boss, removing no more metal than is necessary.
b. Select and fit any two of the three
washers that will bring the side clearance
service limits.

undersize
within the

1 1/2"

FLAT WASHERS
(2)
SPONGE2.5" DIA.
15"
Figure
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October

1974

6-29.

Valve Seat Removal Tool
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TOOLS

SIZE

REAMER

Valve Guide Hole

in Cylinder Head
(. 5913/. 5923 hole)
64571
64507
64509
64511
64639

Standard
.005 oversize
.010 oversize
.020 oversize
.030 oversize

64678-2
64678-3
64678-4
64678-5

(. 6247/. 6257 hole)
ST-89
ST-89-5
ST-89-1
ST-89-2
ST-89-3

Standard
.005 oversize
.010 oversize
.020 oversize
.030 oversize

6-88. REPLACEMENT OF VALVE ROCKER SHAFT
BUSHING. On earlier models of some cylinder head
assemblies the inner rocker shaft bushing was secured
by a dowel pin. It will not be necessary to replace the
dowel pin whenthe bushing is replaced. The dowel pin
in this assembly is removed in the following manner:
6-89. Secure the cylinder to a suitable fixture on the
workbench and insert the dowel hole drill jig (64808)
beveled end up, through the outer bushing, securing it
on the two valve rocker shaft cover studs. Bore out the
dowel in the inner bushing with an 0. 123/0. 124 inch
diameter drill.
6-90. (All Cylinders). Remove the outer and inner
bushing using the rocker shaft bushing removal drift
(64814).

ST-90-5

ST-90-1
ST-90-2
ST-90-3
ST-90-3

ACCEPTABLE
INTAKE VALVE

EXHAUST VALVE

(. 6613/. 6623 hole)
64940
64928
64929
64930
64931

Standard
.005 oversize
.010 oversize
.020 oversize
.030 oversize

64924
64924-1
64924-2
64924-3
64924-4

Valve Guide ID
64514
64514
64725
ST-26
64901
64927
64927

ST-155

All intake valves
64684
.4040/. 4050 exhaust valve
64684
.4360/. 4370 exhaust valve
64726
.4370/. 4380 exhaust valve
ST-27
.4375/. 4385 exhaust valve
64900
.4985/. 4995 exhaust valve
64925
(except ni-resist)
.4985/. 4995 exhaust
(Ni-resist)
Pilot diameter
.4828/.4833
ST-113-1
.4778/.4783
ST-113-2
.4995/.5005 exhaust
(Ni-resist)
Pilot diameter
.4828/.4833
ST-143-1
T-143-1
.4778/.4783
S'T-143-2
REPLACEMENT FIXTURE

DESIRED (1 MAX.ANGLE)
INTAKE VALVE

NOT ACCEPTABLE
INTAKE VALVE

T/N

CYLINDER ASSEMBLY

64501
64644
64714

All 4-3/8" bore
All 5-1/8" angle valve head
All 5-1/8"

parallel

REPLACEMENT
64505
64505
64796
64923

6-18

EXHAUST VALVE

EXHAUST VALVE

valve head
DRIFT

All intake valve guides
Valve guides with . 4040/. 4050 ID
Valve guides with . 4360/. 4370,
. 4370/. 4380, . 4375/. 4385 ID
Valve guides with . 4985/. 4995,
. 4995/. 5005 ID

UNSATISFACTORY SEATING

Figure 6-30. Acceptable. Desired and
Not-Acceptable Valve Contact With Seat Face
Revised May, 1972
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6-91. Check each rocker shaft bushing hole in cylinder head with a standard plug gage (64810). If plug
gage enters hole more than 1/8 inch an oversize rocker
shaft bushing will be required.
If the fit of plug gage
in the hole is quite loose, it is evident that the bushing
that was removed was an oversize bushing. Use the
0. 005 oversize plug gage to determine what oversize
bushing should be used for replacement.
When the proper size replacement
bushing has been determined,
proceed to ream bushing hole in the cylinder head.
6-92. (Angle Valve Cylinder Heads.) Place the pilot of
the outer rocker shaft bushing hole in cylinder head
reamer (64812 or 64813)throughthe
outerholeinto
the
inner hole and proceed to ream the outer hole. Place the
inner rocker shaft bushing hole in cylinder head reamer
(64832 or 64833) through the outer hole and ream the
inner hole. C lean cylinder and reamed holes thoroughly.
6-93. Parallel Valve Cylinders.
Place the pilot of the
rocker shaft bushing hole in cylinder
head reamer
(64838 or 64839) through the outer bushing and proceed to ream the parallel rocker shaft bushing holes.
Clean the cylinder and reamed holes thoroughly.
6-94. Angle ValveCylinders.
Installnew rocker shaft
bushings in the following manner:
place the stop of the
outer rocker shaft bushing installation
drift (64815)
between the inner rocker shaft bushing boss and the
outer rocker shaft bushingboss.
Assemble new bushing on drift, insert drift pilot through boss into stop
and tap bushing into place. Assemble the new bushing
on the pilot of the inner rocker shaft bushing installation drift (64816) and position bushing and pilot. Insert drift through outer bushing into pilot and tap inner bushing into place.
6-95. Parallel
Valve Cylinders.
Install new rocker
shaft bushings in the following manner:
Place a new
bushing on the driver of the inner rocker shaft bushing
installation drift (64825) and locate bushing and driver
in front of inner rocker shaft bushing hole in cylinder
head. Insert the pilot of the inner rocker shaft bushing installation drift through the outer bushing hole and
tap inner bushing in place. When installing the outer
rocker shaft bushing, install the stop of the outer rocker
shaft bushing installation drift (64824) between the inner
and outer rocker shaft bushing holes in the cylinder
head. Place a new bushing on the outer rocker shaft
bushing installation drift and tap into place.
6-96. Angle Valve Cylinders.
After installing
new
rocker shaft bushing in cylinder head, ream the bushing inside diameter.
To do this, place the pilot of the
outer rocker
shaft bushing ID semi-finish
reamer
(64819) through the outer bushing. Place the inner
rocker shaft bushing ID semi-finish
reamer (64820)
through the outer bushing and ream the inner bushing.
Repeat the same procedure,
this time using the outer
and inner finish reamer (64821 and 64822). Check the
finish ID hole in the rocker shaft bushings with the
rocker shaft bushing ID plug gage (64823). Clean the
cylinder and reamed hole thoroughly.
6-97. Parallel Valve Cylinders.
After installing new
rocker shaft bushings in cylinder head, place the pilot
of the inner and outer rocker shaft bushing ID finish
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reamer
(64826) through the outer bushing hole and
ream the four bushings. Check the finished ID holes
of the rocker shaft bushings with the rocker shaft bushing ID plug gage. Clean the cylinder and reamed holes
thoroughly.
NOTE
After bushings have been reamed,
they
must be impregnated by immersing them
for at least 15 minutes in engine oil that
has been heated to 140°F. (60°C. ).
6-98. Replacementof
Valve Rocker Bushings. If valve
rocker bushings are damaged or worn, they can be
replaced in the following manner:
6-99. Place the valve rocker in position in the valve
rocker holding fixture (64540) and, using a suitable
drift, remove the bushing from the valve rocker.
6- 100. Using a suitable arbor press, install a new bushing in the valve rocker. Make sure the oil hole in the
bushingis alignedwith the oilhole in the valve rocker.
6- 101. Burnish the bushing by using an arbor press to
pass the valve rocker bushingburnisher
(64541) completely through the bushing. Remove the rocker from
the fixture and check the finished ID with the valve
rocker bushing finish ID gage.
6-102. RegrindingCylinderBarrels.
Allunplated cylinder barrels
which exceed allowable service limits
in diameter,
taper or out-of-roundness,
must be reground to .010 or .020 oversize.
Nitrided cylinder
barrels
employed on the 0-360-B,
-D and 0-540-B
low compression engines may be ground to . 010 oversize. Do not attempt to regrind a barrel on light weight
grinders such as block mounted automotive or similar
type machine.
NOTE
Only the nitrided barrels employed on the
series engines listed in the above paragraph maybe regroundoversize.
Allother
nitrided barrels
must be either re-barreled or reconditioned
by chrome plating.
6-103. The oversize to which the cylinder is ground
must be determined by adding 0. 004 of an inch (clean
up allowance) to the barrel diameter measured at the
point of greatestwear.
This measured addition should
not exceed 0.002 of an inch per wall. The barrel is
then groundto the oversize above this figure. Unplated
barrels with wear exceeding . 020 of an inch or applicable nitrided barrels with wear exceeding . 010 of an
inch must be replaced. See reference
522, Table of
Limits.
6-104. The following data are included as a guide in
selecting an efficient wheel and set up for grinding
barrels to an oversize dimension.
A. Unplated Steel Barrels
1. Wheel
6-19
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a. Friable Bond Material
b. Grain Size - 54

LYCOMING DIRECT DRIVE AIRCRAFT ENGINES

- 2A

c. Grade-K
d. Structure

- 5 porous

e. Vitrify Bond Treatment - V92
f. Diameter - 3-1/2 to 4 inches
2. Wheel Speed
a. 3-1/2 inchwheel - 5600 to 6000 surface feet
per minute.
b. 4 inchwheel - 5350 to 5730 surface feet per
minute.
3. Work Speed - 250 RPM

b. Nitrided Barrels
1. Wheel
a.
b.
c.
d.

Firable Bond Material
Grain Size - 54
Grade - H
Structure6

- 1C

e. Vitrify Bond Treatment - V32
f. Diameter

- 4 inches

2. Wheel Speed - 5350 to 5730 surface feet per
minute.
3. Work Speed - 250 RPM

6-105. It is recommended that unplated steel barrels
be ground to a surface finish of 25-35 micro-inches,
nitrided barrels to 20-35 micro-inches. Such a finish
can be obtained by grinding if the barrel diameter is
brought to within 0. 0005 to 0. 001 inchof desired ID by
roughing cuts. The wheel must then be redressed and
the finished pass made. The wheel should then be allowed to run over the work four or five times. When
setting up the job, make sure that the stops are arranged
to prevent the edge of the wheel from running past the
top of the barrel more than 1/8 of an inch. This protects the combustion chamber interior from damage.
6-106. Cylinders with barrels ground oversize must
be fitted with corresponding oversize rings and pistons and identified as diredted in Service Instruction
No. 1181.
6-107. Infield servicewhere one cylinder isworn beyond maximum limits, the worn cylinder and its opposite cylinder should be reground to the same oversize dimensions and oversize pistons and rings be
used to maintain proper dynamic balance.
6-108. During complete engine overhaul when one or
more cylinders require grinding, all cylinders should
be ground to the same oversize dimension.
6-109. Reconditioning Nitrided Cylinder Barrels. Although only the series engines listed in paragraph 6-102
may be ground oversize, other nitridedbarrels can be
reconditioned by chrome plating or in some cases by
re-barreling. Consult the latest edition of Service Instruction No. 1047 for information relative to reconditioning nitrided barrels.
6-110. Reconditioning Chrome Plated Barrels. Although it is not practical to remove wear steps by regrinding, such barrels can be restored by a stripping
6-20

and replating process. Consult Service Instruction No.
1054 for facilities approved by AvcoLycoming toperform this chrome plating process.
6-111. Valve Repair. Repairs tovalves are limited to
removal of carbon, regrinding the face, and polishing
superficial scratches.Bending processes, to straighten
and puddling to restore the face must not be attempted.
6-112. Warped Exhaust Flanges. If a warped exhaust
flange is noted, the flange should be straightened by
grinding.
6-113. ValveRockerShafts (O-290-D, -D2). Sharpedges onvalve rocker shafts, caused by contactwith the
rocker box cover may occur on this series. These sharp
edges may be removed as follows. Chuck the rocker
shaft in a lathe or drillpress. With emery paper backed
by a rubber pad or block, polish out any sharp edges
from the ends of the shaft. Finish polish with crocus
cloth.
NOTE
Tag rocker assembly so it will be reassembled in the originalpositionfrom which
it was removed at tear-down.
REASSEMBLY

6-114. Assembly of Pistons. Using the piston ring expander, assemble the new rings on pistons in the order described in the following paragraphs.
NOTE
On chrome cylinder and 0-235 cylinder,
the scraper ring is installed with the scraper edge toward the top of the piston. All
other cylinders, the scraper edge is installed toward the bottom of the piston.
6-115. (All Pistons). With the piston lying top up on
theworkbench, installthe oilregulating ringequalizer
in the first groove above the piston pin hole. Assemble
the regulating ring over the equalizer with its gap 180°
opposite the equalizer gap. Compress the assembly
several times with the fingers to make sure the ring
lies free and loose in the groove. Both the equalizer
and the regulating ring are symmetrical and may be installed with either side upward.
6-116. Install compression rings in the remaining top
grooves. The compression rings are etched on one
side withthe work 'Top" andthis side must be installed with this side toward the top of the piston.
6-117. (0-235-C). Invert the piston on the bench and
install the scraper ring in the groove below the piston
pin hole. Install the scraper ring with the scraping
edge toward the top of the piston.
WARNING
Do not under any circumstances assemble
chrome plated piston rings in a chrome
plated cylinderbarrel. If in doubt as tothe
proper combination of rings to be used, refer to the latest edition of Service Instruction No. 1037 or contact the Service Department, Avco Lycoming Division.
Revised October 1974
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6-118. (All Pistons. ) Upon completion of assembly of
the piston rings, check the side clearance of the rings
in the grooves. Use feeler gage and straight edge as
shown in figure 6-11.
NOTE
Under no circumstances should oversize
piston rings beused inchrome platedbarrels.
6-119. AssemblyofCylinder. See figure 6-5. Coatthe
valve guides and valves with a pre-lubricant as described in paragraph 3-39. Insert the intake and exhaust
valve intheir respective guides. The intake valve can
be identified by the fact that it is slightly larger than
the exhaust valve. Hold the ends of the valve stems and
place the cylinder on the applicable cylinder holding
block. Install on each valve a lower spring seat (5),
outer and auxiliary valve spring (4 and 3), and outer
valve spring seat (2).
NOTE
Assemble the dampener ends of springs
(close wound coils marked with dye or lacquer) downward or next to lower spring
seats.
6-120. Compress the valve springs with the valve
spring compressor and assemble the valve retaining
keys. If the valve is not seatedproperly the valve may
be seated by using a wooden hammer handle against the
tip of valve stem and hitting hammer with palm of hand.
No other means should be used.
NOTE
Sodium- cooled exhaust valves are assembledwithspecialkeys and caps (32). Donot
install caps until just before valve rockers
are installed.
6-121. Installation of Pistons and Cylinders. See that
all preservative oil accumulation on cylinder and piston assemblies is washed off with solvent and thoroughly dried withcompressed air. Insert valve rocker
shafts in their bores in the rocker box. Immediately
priorto assembly of piston and cylinder to the engine,
space the rings correctly and apply a generous coating of the oil mixture described in paragraph 3-39.
Apply to the inside of the cylinder barrel and to piston
and rings working the mixture well around the rings
and into the grooves. StartingwithNo. 1 cylinder, proceed to install as follows:
6-122. Rotate crankshaft so that No. 1 piston, when
installed, will be approximately at top dead center on
the firing stroke; this is determined by both tappets of
No. 1 cylinder being on the base circle of the cam
lobes. Before any attempt is made to rotate the crankshaft support the connecting rods as shown in figure 6-2.
6-123. Assemble piston on connecting rod with piston
number, which is stamped on bottom of piston head,
toward the front of the engine. The piston pin should
be palm or hand push fit. If the original piston pin is
tighter than a palm push fit, it is porbably caused by
Revised October 1974

HORIZONTAL
CENTER
LINEOF ENGINE

CYLINDERHOLD-DOWN
PLATE
INSTRUCTIONS-ON
ENGINES
USINGCYLINDER
HOLD-DOWN
PLATES,
DURING
INITIALTIGHTENING,
USE
TWOSHIMSBETWEEN
EACHPLATEAND
THEBARREL,LOCATED
AS SHOWN.
REMOVE
SHIMSBEFOREFINALTIGHTENING.

Figure 6-31. Location of Shims Between
Cylinder Barrel and Hold-Down Plates
nicks or slight carbon in the piston pin bore of the piston. If a new piston pin or piston is to be installed,
select the pin to give a palm push fit at room temperature of 15° to 20°C. (60° to 70°F. ). After piston
pin is in place and centrally located, insert a piston
pin plug at each end of the piston pin.
6-124. Place a rubber cylinderbase oil seal ring (27,
figure 6-5) around the cylinder base, assemble the applicable piston ring compressor over the top piston
rings and installthe cylinder over the piston, pushing
the piston ring compressor ahead with the cylinder barrel. This will encircle and compress the oilscrapper
ring of O-235-C pistons at thepiston skirt. As the cylinder barrel approaches the crankcase, catch the piston
ring compressor as it drops off the piston skirt. When
the base of cylinder is seated on crankcase pad, secure the cylinder with 3/8 inch and 1/2 inch cylinder
base nuts, tightening the nuts finger tight only.
NOTE

Cylinder hold-downplates (10, figure 6-5)
are not employed on all engines. Consult
the applicable Parts Catalog for model application. When applicable, install the
hold-down plates before assembling holddown nuts. Also notethat ono-235, 0-290D and -D2 series shroud tubes must be inserted prior to assembling cylinder to
crankcase.
6-125. To assure proper assembly of the crankcase
halves and to eliminate the possibility of subsequent
loosening of cylinder base nuts, a definite and specific
sequence of tightening all crankcase and cylinder base
nuts must be followed. Be certain that crankcase halves
have been brought together, and fastenings secured as
directed in Section 7, before installing cylinders. The
cylinder base hold- down nuts are installed as described
in the following paragraphs.
6-21
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loosen nuts and repeat steps b and c.
6-127. After all cylinder base nuts have been tightened,
remove any nicks in the cylinder fins by filing orburring.

3
2
3/8 INCH

1/2 INCH

Figure 6-32. Sequence of Tightening
Cylinder Base Nuts
6-126. When all cylinders have been initially installed
onthe crankcase as described inparagraph 6-124, begintightening all cylinder base nuts as describedbelow,
usingthe proper cylinderbase nutwrenches and handle
inconjunction witha suitabletorque indicator. Torque
wrenches should employ the flexible beam design hydraulic principle or a dial indicator with rack and
pinion.
NOTE
Before installing cylinder hold-downnuts,
lubricate crankcase through stud threads
with any one of the following lubricants, or
combination of lubricants.
1. 90% SAE 50W engine oil and 10% STP.
2. Parker Thread Lube
3. 60% SAE 30 engine oil and 40% Parker
Thread Lube.
a. Assemble hold down plates (where applicable)
and cylinder base hold down nuts. Install shims between
hold down plates and cylinder barrel as directed in
figure 6-31.
b. Tighten 1/2 inch or 7/16 inch hold down nuts to
300 inch pounds (25 foot pounds) torque.
c. Remove shims and using the same sequence,
tighten the 1/2 inch nuts to 600 inch pounds (50 foot
pounds) torque or the 7/16 inch hold down nuts to 420
inch pounds (35 foot pounds) torque.
d. Tighten the 3/8 inch hold down nuts to 300 inch
pounds (25 foot pounds) torque. Sequence is optional.
NOTE

All O-235 series engines, except the 125
HP series, employ only 3/8 inch hold down
nuts. Tightenthese nuts to 300 inch pounds
(25 foot pounds) torque in the sequence
shown for 1/2 inch hold down nuts in figure
6-32.
e. As a final check, hold the torque wrench on each
nut for about five seconds. If the nut does not turn, it
may be presumed to be tightened to correct torque.
f. Recheck clearance between hold-down plates and
cylinder barrel. If . 010 clearance is not obtained,
6-22

6-128. Install some type of vented plug in each spark
plug hole after assembly of cylinder to prevent entrance of foreign matter and at the same time to permit the engine to be turned easily by hand.
6-129. (Except O-235, 0-290-D). Installhydraulictappet plunger and cylinder assemblies with spring end
outward and sockets with concave end outward in the
hydraulic tappet bodies.
CAUTION
Be sure that there is no oil inside tappet
body and that the tappet plunger and cylinder assembly are thoroughly clean and
dry. Wash any lubricating or preservative
oilout of these parts, since tappet assemblies must be absolutely dry in order to
check tappet clearance.
6-130. Assemble new shroud tube oil seals in both
shroud tube oil seal retainers in crankcase and on outer
end of the two push rod shroud tubes; then assemble
a shroud tube seal sleeve over eachof these seals, centering the sleeve on the seal.
6-131. Parallel Valve Cylinders. (Except 0-235-C,
O-290-D, -D2.) See figure 6-1. Install each shroud
tube (1)through its hole in the rockerbox and seatthe
end firmly in the crankcase. Place a spacer, two
springs (2), a lockplate (3), and a plain 1/4-20 nut (4)
over the stud provided in the rocker box. Tighten the
nut to proper torque and secure by bending the lockplate over the nut and springs.
6-132. AngleValveCylinders. Seefigure6-5. Assemble shroud tube spring (17) over the inner ends of the
two shroud tubes (18) so that the detent notches in the
spring are approximately 90° removed from detents
on tubes. Place shroud tube washers (15), as many
as necessary to bring minimum overlap between the
spring and detent lugs to 1/8 inch, over end of each
tube and insert tube ends through oil seals in crankcase. Hold both push rod shroud tubes with detent at
inner end at unlocked position and insert the outer end
of tubes in cylinder head rocker box. See that all rubber seals (14) are inserted squarely andthen turn each
shroudtube 90° thus locking the tubes by engaging the
detents with the notches in the spring.
6-133. Select two push rods (13), dip in oil mixture
described in paragraph 3-39 and insert full length
through shroud tubes. Press tightly against outer ends
and check for spring tension and free travel of unloaded or dry hydraulic tappet plungers.
6-134. ParallelValve Cylinders. Pull rocker shaft out
far enough to enable the rocker arm to be installed
and push rocker shaft thru center hole, insert other
rocker arm and secure with rocker shaft. Before installing exhaust rocker place special cap (39, figure
6-4) over the sodium cooled exhaust valve stem. Position rocker shaft until it protrudes equally from both
outside bosses.
Revised October 1974
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6-135. Angle Valve Cylinder. Slide rocker shaft back
and install rocker (22, figure 6-6) and thrust washer
(23, figure 6-6). Before installing exhaust valve rocker place special cap (32, figure 6-6) over the exhaust
valve stem. Slide rocker shaft back into position. Repeat with the other rocker arm and thrust washer. If
clearance between the valve rocker and cylinder head
cannot be brought within limits (See Table of Limits)
by the use of standard valve rocker thrust washers,
clean up the worn valve rocker support boss as describedinparagraph6-87and
use any two ofthe selective fit undersize washers to bring clearance within
limits.

valve clearance gage. Valve rocker clearance on all
subject engines is . 028 - . 080. If clearance is out of
limits adjust by using a shorter or longer push rod. Inserting a longer rod willdecrease the clearance. Consult Service Instruction No. 1060 for identification of
push rods. At conclusion of valve rocker clearance
check, assemble rocker shaft covers (31 figure 6-5 or
6-6) on angle valve cylinders temporarily to prevent
displacement of valve rockers.

CAUTION

a. Set tappets on numbers 2 and 4 cylinders at zero
clearance. This will load the camshaft on one side.

Exhaust and intake rocker assemblies are
different due to angle of valves. Be sure
rockers are correctly assembled.
6-136. (All engines except 0-235, 0-290-D. ) Check
dry or unloaded valve tappet clearance by pushing in on
push rod end of valve rocker and checking clearance
between end of valve rocker and valve stem tip, using

6-137. (0-235-C, O-290-D. ) Set tappet clearance on
these models in the following manner:

b. Rotate the crankshaft until No. 1 piston is at TDC
of the compression stroke. Both valves will now be
closed. Adjust each for a 0. 007/0.009 clearance.
c. Followingthe procedure set forth in step "B" for
numbers 3, 2 and 4 in that order.
d. Tappet clearance mustbe checked after engine
run-in. At that time clearance desired is 0. 010 inch.
However, 0. 006/0. 012 is acceptable.
6-138. At completion of valve clearance check on each
cylinder, recheckclearance on allcylinders and make
necessary corrections. Coat all mechanism parts within rocker boxes as described in paragraph 3-37 and
3-39. Assemble rocker box cover gaskets and covers on
each rocker box and tighten to specified torque. Onthe
angle valve cylinder tighten rocker shaft covers to specified torque.
NOTE

FIN NO.2

FINNO.13

On earlier models of the IO-540 series
some leaking at the rocker shaft cover stud
was experienced. This canbe correctedby
the application to the studs of Gasoila, a
sealant manufactured by the Federal Process Co. Be certain to wipe off excessive
sealant from the rocker shaft cover mounting surface.
6-139. Installation of Cylinder Head Fin Stabilizers.
(Angle Valve Cylinders). Clean the stabilizers and affected fin areas thoroughly to remove all traces of
grease, dirt or other foreign matter.
6-140. Apply Dow CorningSilastic 140 adhesivetothe
fin stabilizers and press surfaces together in the locations described in figures 6-33 and 6-34.
NOTE

Figure 6-33. Cylinder Head Fin Stabilizers
Angle Head - Up Exhaust

Revised October 1974

Because of engineering changes two widths
of fin stabilisers (one approximately . 63
inch and one approximately .31 inch) may
be encountered. See figures 6-33 and 6-34.
Dotted lines call out measurements for
narrow stabilizers, solid lines for wide
stabilizers.
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d. Mask off the flange area as shown in figure 6-35.
Proceed to paint the cylinder with a Phthalate resin
type enamel (AMS3125C or equivalent MIL-E-7729)
properly thinned with Toluene or equivalent (AMS3180
or equivalent Federal Spec. TT-T-548).
e. Use a cloth dipped in thinner to clean paint from
all surfaces where paint may have accidentally accumulated.
f. The best finish will result if the cylinder is air
dried for fifteen minutes and then baked in an oven until completely dry.

Figure 6-34. Cylinder Head Fin Stabilizers
Angle Head - Down Exhaust

6-141. Cylinder Painting. (All Models employing Cylinder Hold Down Plates. ) This paragraph is intended
to alert personnel to the extreme caution necessary
when painting the cylinder base flange. Any excessive
amount of paint between the cylinder hold down plate
and the cylinder flange will lead to a loss of torque on
the cylinder base nuts and eventual stud and/or cylinder failure. The following procedure should be followed when painting a cylinder:
a. Remove all old paint from the cylinder. A vapor
degreaser is best suited for this purpose.
b. Mask off the following parts of the cylinder: Masking tape, corks, plugs, metal covers, etc. are acceptable
for masking purposes.

6-142. Intercylinder

Baffles. (Where applicable. ) All

intercylinder

must be attachedwith

baffles

an "S" type

retaining hook and a slotted retainer. Hook the baffle
retaining hookthrough the hole in the baffle. Place the
baffle in position beneath and between the cylinders,
runningthe hookup between the cylinder barrels. Place
a baffle retainer in place between the cylinders and
using a baffle installation tool, bring the retainer hook
through the slot in the retainer. During the operation
the retainer is forced down until the hook comes above
the surface of the retainer far enoughto be turned and
hooked over the bridge between the slots in the retainer.
NOTE

The baffles on up exhaust cylinder assemblies are placed above and between the cylinders. The retainer is placed below and
fastened in the same manner as described
above.
SPRAYSHADED
AREA
PERSTEP-"D"

1. Rocker box section including the rocker box
flange. Both valve ports and flanges. Thermocouple hole. Spark plug holes. Push rod shroud
tube holes. Valve rocker shaft cover flange. All
other exposed threaded surfaces in which paint
might accumulate.
c. Spray a very light coatof zinc chromate primer
(. 0005 maximum thickness) on the cylinder flange. See
figure 6-35. Ifthe correctamount of paint hasbeen applied the color of the paint will be green with a yellowish tint and the metal will show through. If the paint is
too thick the color will be zinc chromate yellow.
CAUTION
It is imperative that the paint thickness on
the flange be held to .0005 maximum. To
measure the thickness of the paint layer,
one of two methods may be used. A Tinsley
thickness gage whichincorporates a magnetic needle and is scaled in tenth of thousandths is the most satisfactory method. If
this type equipment is not available, use a
micrometer to measure the thickness of
the flange before and after painting. If the
paint is too thick it must be removed and
repainted.
6-24

Figure 6-35. Cylinder Flange Area
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VII

CRANKCASE,
CRANKSHAFT
AND
RECIPROCATING
PARTS
7-1. At this time it is assumed that all accessories,
cylinders, accessory housing and sump have been removed from the engine.
DISASSEMBLY
7-2. Starter Ring Gear Support - Remove the starter
ring gear support assembly
(32, figure 7-5) from the
crankshaft
propeller
flange by tapping lightly on the
rear face of the assembly. The alternator or generator
drive belt will be removed with this unit.
7-3. Propeller Governor Oil Line. (Engines equipped
with propeller governor on accessory housing. ) If this
line was not disassembled
when removing the accessory housing, remove from the front of the crankcase
by unscrewing the threaded fitting.

7-9. From this point disassembly
is the same for all
crankcases.
Reach down through the cylinder pads and
push the left half of each main bearing insert down on
the crankshaft so they will not fall when the crankcase
half is removed. Separate the crankcase by hand and
remove the bearing inserts,
tappets,
camshaft and
crankshaft assembly. Place each tappet body, as it is
removed, in its proper location in the cleaning basket.
This is important
as tappet bodies must be replaced
in the same location from which they were removed.
NOTE
In the left crankcase half the intake tappet
for its corresponding
cylinder is located
nearest the front of the crankcase,
while
in the right crankcase half the intake tappet is nearest the rear of the crankcase.

7-4. See figure 7-5. Remove the crankshaft idler gears
(22) from the idler gear shafts (29). On engines employing camshafts with separate
gears,
remove the
breather
slinger (19), camshaft gear (14), and tachometer shaft spacer (18) by removing the 4 hex head
bolts (21) and lockplate (20) securing the assembly to
the camshaft. Remove the tachometer
drive shaft (16)
by removing the pin (15). See figure 7-6. On engines
using integral camshafts,
remove the retaining ring
(14) and tachometer shaft spacer (13). Remove pin (11)
and tachometer shaft (12).

7-10. Propeller Governor Drive (Located on front left
side of crankcase).
See figures 7-3 and 7-4. Remove
the hex head plug (6) and gasket (5) from the propeller
governor housing. Remove the idler shaft (4) through
the opening in the housing at the same time supporting
the idler gear (9) to prevent dropping and damaging.
Note that the idler shaft on four cylinder engines is pinned to the housing. Pull the governor driven gear (8)
from the housing.

7-5. Remove the nuts and bolts, from the parting surface of the crankcase, which hold the crankcase halves
together.
Remove the crankcase
from the overhaul
stand and place on the work bench.

7- 11. Crankcase - Remove allthreaded plugs to facilitate cleaning. Remove and discardthe
rubber oil seals
encircling the studs. (Doweled crankcases do not employ oil seals at the dowels). Where applicable remove the piston cooling oil jets (17, figure 7-1).

7-6. Remove oil filler tube. See figure 7-1. Remove
oil pressure relief valve assembly (23 or 24). Remove
oil seal retainer
plates (19) (used on engines that do
not have crankcase modified with machined groove to
accept oil seal with retaining lip on OD).

7-12. Remove the two crankshaft idler gear shafts from
the rear of the crankcase halves. On the eight cylinder
engines remove also the two magneto drive gear shafts.

7-7. Hydro Control Valve. (0-235,
0-290 series.
Where applicable.)
See figure 7-15. Remove cotter
pin, slotted shear nut and hex head screw and remove
lever. Remove the two 1/4 inch bolts securing the
cover tothe crankcase and remove the cover and valve
body.
7- 8. Crankcases that are doweled at the thru- studs (#2
saddle on 4 cylinder engines, #2 and 3 saddles on 6
cylinder engines and #2 - 3 and 4 saddles on 8 cylinder
engines) must be separated
by the use of pressure
plates (ST-122). Instructions
for the use of the plates
are given in figure 7-16. After the crankcase is separated past the dowels remove the plates and lay the
crankcase
on the right side. Crankcases
that are not
doweled may be separated by laying on the right side
and gently tapping the thru-studs
with a soft hammer.
Wire the camshaft to the left crankcase half as shown
in figure 7-2.
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7-13. CamshaftGovernorDriveGear
(6 and8 cylinder
engines using camshaft with separate gears). See figure 7-5. Remove the governor drive gear (2) by removingthe two external retaining rings (1) that secure
it to the camshaft.
7-14. Crankshaft - With the crankshaft properly supported at front and rear main bearings,
remove the
nuts securing the rod caps to the connecting rod. Remove the rods by tapping on the rod bolts with a soft
hammer. Discard the bearing inserts, bolts and nuts.
Reassemble each cap with its corresponding
rod. Rods
and caps are not interchangeable.
7-15. To remove the crankshaft gear (26), flatten out
the lockplate (24) and remove the hex head screw (23).
Tap the crankshaft
gear gently, with a fibre drift, to
remove from the crankshaft.
Do not remove the dowel
from the rear end of the crankshaft unless it has been
obviously damaged.
7-1
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15
23

13

10

24

22

21 20 19 18

1. Front Main Bearing Insert
2. Lifting Strap
3. Oil Relief Valve Plug
(Field Conversion)
4. Ball
5. Spring
6. Washer
7. Spacer
8. Gasket

9.
10.
11.
12.
13.
14.
15.
16.
17.
Figure

7-2

Oil Relief Valve Plug
Oil Relief Valve Screw
Oil Relief Valve Plug
Oil Relief Valve Insert
Oil Relief Valve Cap
3/8-24 NF-3 Nut
Spring Pin
Oil Relief Valve Sleeve
Piston Cooling Nozzle

7-1. Typical

Six Cylinder

18.
19.
20.
21.
22.
23.

Crankshaft Oil Seal
Retaining Plate
Washer
Screw
Main Bearing Insert
Oil Relief Valve Assy.
(Non-adjustable)
24. Oil Relief Valve Assy.
(Adjustable)

Crankcase
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7-2. Camshaft

Wired to Crankcase

LYCOMING DIRECT DRIVE AIRCRAFT ENGINES
Section
7
Crankcase,
Crankshaft,
andReciprocating
Parts
CAUTION
All crankpin journal sludge tubes must be
removed from the crankshaft;
otherwise
accumulated sludge loosened during cleaning will clog the crankshaft
oil passages
and cause subsequent
bearing failures.
The oil transfer tubes, however, which conduct oil from the main bearings
to the
crankpin journals
must not be removed
under any circumstances.
Sludge tubes are
not employed in later model crankshafts.
However, this is not to imply that sludge
tubes can be removed and not replaced in
those crankshafts originally using sludge
tubes.

HHalf

7-16. Remove the crankshaft oil seal (18, figur re 7-1)
from the crankshaft. Do not remove the proopeller
flange bushings from the flange of the crankshaft unless
they are damaged and/or loose.
7-17. CounterweightsSee figure 7-5. Counterw weights
(8) are disassembled
from the crankcase
mer rely by
removing the retaining rings (11), after whi ch the
washers (10), rollers
(9) and counterweights
(83) may
be detached from the crankshaft lug.

CLEANING
7-20. All crankcase,
crankshaft
and reciprocating
parts are cleaned in accordance
with the general instructions
outlined in Section 3. When cleaning the
crankshaft,
clean the inside of all crankpin and main
bearing journals and all oil passages
with suitable
brushes, after which flush thoroughly with clean solvent and compressed
air.

NOTE

CAUTION

All counterweights andtheir related parts
should be reassembled
in the same location
they occupied on the crankshaft before disassembly.
For example,
the retaining
washers used with the counterweights
are
selectively fitted to the washer seats in the
counterweights
during manufacture.
It is
advisable, therefore, to mark all counterweight parts duringdisassembly
to insure
proper
identification.
These
markings
must be impermanent. No scoring, scratching, etching or other permanent marking
of any kind is permissible
on these parts.

Do not attempt under any circumstances
to
clean the crankshaft without first removing
the crankshaft sludge tubes (where applicable). The solvent will loosen but not remove accumulated
sludge. This loose
sludge is certain either to form a stoppage
in the nearest
oil passage,
or to wash
through and cause a bearing failure.

7-18. Sludge Tubes (4 cylinder engines - where applicable). Remove the four crankshaft
sludge tubes (30,
figure 7-5) with the sludge tube removal drift (P/N
64548) by placing drift end of the tool in the tube and
driving out the tube with the bar portion of the tool.
Do not clean the tubes but lay them aside to ascertain
the presence or absence of metal particles in the sludge
deposits. Do not re-use sludge tubes.
7-19. Sludge Tubes (6 and 8 cylinder engines - where
applicable).
When removing either six or eight cylinder engine sludge tubes use slide hammer puller
(P/N 64782) and an adapter. Adapter P/N 64547 for
six cylinder engines and adapter P/N 64784 for eight
cylinder engines. Remove the jaws from the slide hammer puller and assemble the puller adapter on the
slide hammer puller. Remove collar from the adapter,
insert the adapter through the sludge tube, and reassemble the collar. Pullthe tube out of the crankshaft
with a series of quick hard strokes of the slide hammer. Do not clean tubes but lay them aside for examination to ascertain the presence or absence of metal
particles in the sludge deposits. Do not re-use sludge
tubes.
Revised January,
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7-21. Piston CoolingOil Jets. (Where applicable) Immerse the piston cooling nozzle in petroleum solvent.
Hold the ball check valve off its seat in the nozzle by
inserting
a light copper wire or other relatively soft
material
through the threaded end of the nozzle and
wash thoroughly so that any dirt particles that may be
under the ball seat will be washed out.

4

1.
2.
3.
4.
5.

Dowel
Thrust Washer
Idler Gear Bushings
Idler Gear Shaft
Gasket
Figure
(4 cylinder

6. Hex Head Plug
7. Spring Pin
8. Prop. Governor
Gear
9. Prop. Governor

5 6

Driven
Idler Gear

7-3. Propeller Governor Drive
engines with housing on crankcase)
7-3
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1. Gasket
2. Thrust Washer
3. Cover

4. Idler Gear Shaft
5. Gasket
6. Hex head Plug

7. Woodruff Key
8. Prop. Governor Drive Gears
9. Prop. Governor Idler Gear

Figure 7-4. Propeller Governor Drive (6 and 8 Cylinder Engines)
INSPECTION
7-22. Inspect all crankcase, crankshaft and reciprocating
parts in accordance with the general instructions contained
in Section 3. Specific instructions follow.
7-23. Bearings (Precision Type). All precision type bearing
inserts used for main crankshaft bearings and connecting
rod bearings should be replaced with new bearing inserts at
overhaul.
7-24. Crankcase (Visual Inspection). Check carefully for
burrs, nicks and cracks around the bearing support webs.
Check bearing bores and inspect tang slots for any
roughness that might cause improper seating of bearing
inserts. Check all drilled holes.
7-25. Fretting on the contacting surfaces of the bearing
saddle supports in the crankcase occurs on some engines.
This condition is caused by slight motion between the
contacting surfaces and results in erosion of the metal
surface. The affected areas have tiny pit holes and a frosted
appearance, as contrasted to adjacent shiny unaffected
surfaces. See Figure 7-7. This condition can be misleading
because of its trivial appearance; nevertheless it can be the
cause of severe engine damage.
7-26. Fretting by itself in this area, does not appreciably
damage the structure of the metal, but the metal removed by
the fretting action does change the size of the bearing
saddles sufficiently to cause loose thru-studs and undersize
main bearing bores. If not detected during overhaul,
excessively tight crankshaft bearing fits will result with
eventual engine failure.
7-4

7-27. Crankcase (Dimensional Inspection). The following
paragraphs on crankshaft and camshaft dimensions will also
describe dimensional requirements of the crankcase.
7-28. Crankshaft (Visual Inspection). Carefully inspect all
surfaces of the shaft for cracks, checking the bearing
surfaces with particular care for scoring, galling, corrosion,
pitting or other damage.
7-29. Crankshaft (Dimensional Inspection). Place the
crankshaft in Vee blocks supported at the locations called
out in Table of Limits (Reference 505) and using a surface
plate and dial indicator measure the run-out at center main
bearings. If this total indicator reading exceeds the
dimensions given in Reference 505 the shaft must not be
reused. The crankshaft flange run-out may be checked at
this time and if the total indicator reading exceeds the runout given in Table of Limits (Reference 508) the shaft must
be rejected.
CAUTION
Any attempt to straighten a bent crankshaft will
result in rupture of the nitrided surface of the
bearing journals, a condition that will cause
eventual failure of the crankshaft.
7-30. Using new inserts at all main bearing locations,
assemble crankcase halves together, temporarily torque all
thru-bolts to specified torque as noted in Table of Limits
(Reference 929) and measure the ID of the bearings.
Measure the OD of the crankshaft main bearing journals and
compare the resulting clearances with the Table of Limits
(Reference 500). Assemble the connecting rods temporarily
(using new bearing inserts) and check the crankpin journal
Revised June 1999
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clearances in the same manner, see Table of Limits,
Reference 502. If clearances do not fall within prescribed limits, the shaft must be brought undersize.
See Repair and Replacement section for instructions
for regrinding.
7-31. Camshaft (Visual Inspection).
Carefully inspect
all surfaces of the camshaft for cracks, scoring, galling, corrosion, pitting or other damage; be particularly careful when inspecting bearing surfaces. If a
hydraulic tappet body has been rejected for spalllng,
inspect the correspondingcam
lobe. Any indication of
distress, surface irregularity or
featheringat the edge
of the cam lobe is cause for rejection of the camshaft.
7-32. Camshaft (Dimensional Inspection). Support the
camshaft in Vee blocks at its front and rear bearing
journals and check the run-out at the center bearing
location. See reference 539, Table of Limits. Slight
bending operations are permissible
on the camshaft
providing careful magnetic inspection follows such procedures. Measure thediameter of the camshaft bearing journals and checkthem againstthe bearings formed
by the crankcase. Reference 537, Table of Limits.

DIRECT
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7-33. Crankcase - Main Bearing Clearance. The following inspection on the engines listed below must be
accomplished unless thru-studs are marked as shown
in figure 7- 11.
0-320-B Series
G-340 Series
O-360-A, -C Series
O-540 Series

Engines
Engines
Engines
Engines

prior
prior
prior
prior

to
to
to
to

3815-39
405-30
3042-36
2790-40

7-34. Place the bearing plug (P/N 64906) so that the
drilledclearance
holes fit over the main bearing dowels
of the center main bearing support to be checked and
reassemble crankcase halves.
‘7-35. Using cylinder
torque all thru-studs
7-21, 7-22 or 7-23.

base hold down plates and nuts,
in the sequence shown in figures

7-36. Attempt to insert a 0.004 inch tapered feeler gage
between the crankcase mating faces, see figure l-10.
If the gage will not enter between the crankcase parting
faces, the crankcase is considered satisfactory to be
modified as directed in the repair and replacement
section.

22
23
24
25
26
22

1.
2.
3.
4.
5.
6.
7.
8,

Retaining Rings
Camshaft Gov. Drive Gear
Woodruff Key
Camshaft (Integral Gear)
Tappet Socket
Tappet Plunger Assy.
Tappet Body
Counterweight
9. Roller
10. Washer
11. Retaining Ring

12.
13.
14.
15.
16.
11.
18.
19.
20.
21.
22.

Stepped Dowel
Camshaft
Camshaft Gear
Pin
Tachometer Shaft
Retaining Ring
Spacer
Breather Slinger
Lockplate
Hex Head Screw
Crankshaft Idler Gears

Figure 7-5. Typical Crankshaft
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23.
24.
25.
26.
27.
28.

29.
30.
_

31.
32.
33.

Screw
Washer
Magneto Drive Gear
Crankshaft Gear
Hex Head Screw
Lockplate
Idler Gear Shaft
.
Sludge Tube (not used cm current models)
Crankshaft Counterweight Bushing
Ring Gear Support Assy.
Expansion Plug

and Related Parts
l-5
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5

1.
2.
3.
4.
5.
6.
I.
8.

Hex Head Bolt
Lockplate
Breather Slinger
spacer
Tachometer Shaft
Camshaft Gear
Dowel
Camshaft

9.
10.
11.
12.
13.
14.
15.

8

Pin
Camshaft Integral Gear
Pi”
Tachometer Shaft
spacer
Retaining Ring
Camshaft (Prop. Governor
Drive on Crankcase)

Figure 7-6. Camshafts - Integral and Separate Gears
(4 Cylinder Engines)
7-37. When inspecting O-540 models, the above inspection procedure must he performed on both intermediate
bearing saddles.
‘l-36. Connecting Rods (Dimensional Inspection). Discard all connecting rod bolts and nuts; new bolts and
nuts are to be used on assembly. Check condition of
bore in large end for seating of the bearing inserts.
Check bore in smallend of bushing with connecting rod
bushing plug gage (P/N 64537). If the gage enters the
bushing, bushing must be replaced.

DIRECT
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7-41. Crankshaft Counterweight
Bushings. Wear or
damage to the crankshaft counterweight bushings, 31,
figure ‘l-5, located in the crankshaft counterweight
lugs, is almost impossible to detect by normal inspection procedures. Because of this situation and as
damage to the crankshaft counterweight bushings could
cause failure of the counterweight and/or the crankshaft, it is mandatory thatthese bushings be replaced
at overhaul. The procedure for removal and replacement of the crankshaft counterweightbushings
is contained in the Repair and Replacement section.
7-42. Counterweight Bushings. Wear in the counterweight bushings is usually evident as out-of-round on
the inside diameter. Check each bushingwith the bore
gage, ST-73. The diameter should be between 0.7405
and O. 1505 inch. Out-of-round should not exceed 0.0005
inch. The ST-73 gage is specially made so that it can
be set with a micrometer.
If the diameter of any bushing is oversize, or excessively out-of-round,
all the
bushings in the counterweight must be replaced.
‘7-43. Piston Cooling Oil Jets (Whereapplicable).
Present Avco Lycoming engines are incorporating a pisto” cooling nozzle designed to open at 37 to 50 psi.
Test the nozzle assemblies for correct pressure in the
following manner:
a. Use SAE #10 motor oil at a temperature
to 90°F.

of 65”

b. Direct a flow of oil through the nozzle. The oil
stream must pass from the nozzle through a one inch
diameter hole located on a center line through the nozzle
and 4.5 inches from the face of the nozzle at 50 psi.

7-39. Connecting Rod Parallelism
Check See figure
7-8. Using connecting rod parallelism and squareness
gage (P/N 64530), insert tapered sleeves (1 and 2) in
bearing holes in connecting rod Be sure that bearing
cap is assembled properly and securely tightened.
Place arbors (3 and 4) through sleeves (1 and 2 respectively) and place gage arm (5) on arbor (3). Set
adjusting screw (6) on gage arm to exact distance between arbors and lock the adjustingscrew with nut (7).
The” remove gage arm, place it on other end of arbor
(3), and check distance between arbors. For exact parallelism or alignment, the distances checked on both
sides will be the same. See reference 566, Table of
Limits.
7-40. Connecting Rod Squareness Check See figure
7-9. Using the same gage that was used in the parallelism check described above, place parallel blocks
(1) on surface plate and, with sleeves and arbors still
in place in connecting rod, place ends of arbor on parallel blocks. Check clearance at points (2) where arbors
rest on parallel blocks, using a feeler gage. For exact
squarenessor zerotwist, no clearancewill
exist at the
designated points. See reference 567, Table of Limits.
7-6

Figure 7-7. Crankcase Interior Showing Moderate
Fretting at Stud Locations on Saddle Supports
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REPAIR AND REPLACEMENT
7-44. Repair all crankcase,
crankshaft
and reciprocating parts in accordance with the general instructions
contained in Section III. Specific instructions
follow.
7-45. Crankshaft (Bearing Surfaces).
Duringoverhaul
of the crankshaft, the operator must determine if it has
standard or undersize bearing journals, then proceed
with its overhaul accordingly.
Undersize crankshafts
are identified by a code symbol stamped on the front of
the flange as a suffix to the part number. In addition to
the code symbols the letters RN are stamped as a suffix to the serial number indicating the shaft has been
renitrided.
The code symbols are, M03MP (main and
crankpin journals 0. 003 inch undersize) M03M (main
bearing journals 0. 003 inch undersize) M03P (crankpin bearing journals 0. 003 inch undersize).
If the maximum service limits are exceeded (Reference
501 or
502, Table of Limits) standard shafts may be polished
to 0. 003 inch undersize and fitted with 0. 003 inch undersize bearinginserts.
Renitrided0. 003 inch undersize shafts may be polished to 0. 006 inch undersize
and fitted with 0. 006 inch undersize
bearing inserts.
Do not allow lathe speed to exceed 150 RPM at any
time during polishing operation.
NOTE
Note that if one surface is polished to . 003
or . 006 undersize all corresponding
surfaces must be polished to same size. Polishing to undersize is preferred to grinding
because shafts that are polished do not require renitridingwhereas
any grinding operation requires
that the shaft be renitrided. This is necessary
because of the
nonuniformity of grinding tools. The possibility exists wherein the grinding wheel
will cut through the nitrided surfaces on
one or more of the journal radii causing
areas of stress concentration that can develop into fatigue cracks and ultimately result in a broken crankshaft.
7-46. If itis necessaryto
make astandard
shaft journal surface more than 0.003 inch undersize or a renitrided 0. 003 inch undersize
more than 0.006 inch
undersize, the crankshaft must be ground to undersize
and renitrided.
Standard shafts may be ground to 0. 006
inch or 0.010 inch undersize,
renitrided
0.003 inch
undersize shafts must be ground to 0. 010 inch undersize. Shafts must be fitted with the corresponding
undersize bearing inserts. Grinding the crankshaft is
a delicate operation requiring adequate grinding facilities and a great degree of skill. A properly dressed
wheel (Carborundum (GA54-J5-V10 or equivalent) must
be used with generous amounts of coolant. The wheel
must be fed to the journal or pin very slowly and the
final ground finish maintained during the complete operation. This procedure must be followed to eliminate
possibility
of grinding cracks.
After grinding, the
crankshaft must be carefully inspected by the magnetic
particle method. If any cracks or checks are found, the
shaft must be rejected.
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1.
2.
3.
4.

Tapered Sleeve (Crankpin End) 5. Gage Arm
Tapered Sleeve (Piston Pin End) 6. Adjusting Screw
Arbor (Crankpin Sleeve)
7. Wing Nut
Arbor (Piston Pin Sleeve)

Figure

7-8. Checking Parallelism

of Connecting

Rods

NOTE
If one crankpin bearing surface is ground
undersize
all crankpin
bearing surfaces
must be ground to same undersize.
If one
main bearing surface is ground undersize
all main bearing surfaces must be ground
to same undersize.
Main bearing surfaces
may be ground without affecting crankpin
surfaces
and similarly
crankpin bearing
surfaces may be ground without affecting
the main bearing surfaces. After any grinding operation the crankshaft
must be renitrided. It is recommendedthat
the shaft
be returned
to Avco Lycoming for renitriding.
7-47. Crankshaft
- Straightening
Flange. Maximum
permissible
flange run-out is 0.018 inch TIR. If the
flange run-outexceeds
0. 018 inch the crankshaft must
be rejected.
If the flange run-out is less than 0.018
inch the flange may be straightened
as described in
the following paragraphs.
Before attempting any straightening
operations, the
flange bushings must be removed. When the surface
distortion of the flange has been reduced as much as
possible, the front face of the flange must be trued up
by grinding. However, if the minimum width of the
flange after grinding (Dimension "A", figure 7-12) is
less than the dimensions called out in Table 7-1, the
shaft must be rejected.
7-7
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Crankshaft Oil Seal Surface.
7-49. ReconditioningWorn
If inspection personnel have found that the crankshaft oil
seal surface on the shaft itself is damaged to the extent that the oil seal might leak, the following procedures are submitted to recondition this area of the
crankshaft.
flange bushings from crank1. Remove propeller
shaft flange and note the locations of long and short
Do not scribe on shaft. Use
bushings replacement.
Avco Lycoming Special Tool ST-115 to remove
flange bushings.

2

flange and
2. Strip cadmium plate from propeller
the area of the oil seal by immersing the shaft in a
solution of ammonium nitrate (one pound of ammonium nitrate for each gallon of water).
1. Parallel
Figure

2. Check Points

Blocks

7-9. Checking Squareness

of Connecting

3. Set up crankshaft
ter carefully.

in an external

grinder

and cen-

Rods
4. Use a No. 54 grit wheel and grind the area beflange and the oil seal face to
tween the propeller
Depth of grind must
remove nicks and scratches.
not exceed 0. 005 inch. (0. 010 inch u/s diameter).

CAUTION
during
care must be exercised
Extreme
operation to avoid damany straightening
age to the nitrided surfaces of the crankextend from
shaft. The nitrided surfaces
the front face of the slinger to the crankThese nishaft gear mounting surface.
are glass hard and will
trided surfaces
crack if shaft is bent, dropped or handled
carelessly.

NOTE

operations,
At the conclusion of any straightening
the entire crankshaft must be inspected by the magnetic
particle method paying particular attention to the bearand the fillet areas at the base of the
ing surfaces
flange.
7-48. After inspection, install the flange bushings and
then cadmium plate the ground surfaces of the crankshaft flange. The plating, which should be 0. 0005 inch
to extend
should be permitted
maximum thickness,
along the crankshaft proper only in the area shown in
figure 7-12.

The grinding wheel, on the corner toward
flange must be dressed to
the propeller
0. 50 inch radius while the opposite side,
toward oil slinger, must be dressed 0. 13
inch radius. Both radii must blend perfectly. Do not permit the side of the wheel
to touch the propeller flange or face of oil
slinger. See figure 7-13.
5. A No. 54 or 60 grinding wheel will produce a
8 to 10 microns. The surfinish of approximately
of the oil seal area should not exface roughness
ceed 10 microns before polishingwith crocus cloth.
ROUGHREAM WITH
TOOL NO 64902
FINISH REAM WITH
TOOL NO 64903

BURR
ROUGH
EDGES

TABLE 7-1
Engine Model
0-235
O-290-D
O-290-D2
0-320
IO- 320
AIO-320
0-360
10-360
HO- 360
HIO- 360
AIO-360
TIO- 360
0-540 (Except O-540-G)
O-540-G
IO-540 (Except IO-540-K, -M, -N and -R)
IO-540-K, -M, -N, -R
TIO-540-A
TIO-540-C
IO- 720
7-8

Min. Width
of Flange
0. 190
0.260
0. 260
0. 260
0. 260
0.260
0. 370
0. 370
0. 370
0. 370
0. 370
0. 370
0.370
0.430
0. 370
0.430
0. 430
0.370
0. 370

inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch

LEFT CRANKCASE

INSERT
BEARINGCENTERING
PLUG(64906)
COUNTERBORE
WITH
TOOL NO 64904

CRANKCASEPARTINGLINE
-

BURR ROUGHEDGES

ATTEMPT TO NSERT 004
FEELER GAGEHERE

TEMPT TOINSERT004

FEELER
GAGEHERE

RIGHT CRANKCASE

RETAP .007OVERSIZE T O
CLEAN UP THREADS(TOOL NO 64907)

Figure 7-10.

Cutaway of Crankcase Showing Steps
to Install Body Fit Bolts
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7-50. Crankshaft, Counterweight Bushing Replacement
(Where applicable). Wear or damage to the crankshaft
counterweight bushings located in the crankshaft
counterweight lugs, is almost impossible to detect by
normal inspection procedures. Because of this situation and as damage to the crankshaft counterweight
bushings could cause failure of the counterweight and/or
the crankshaft, it is mandatory that these bushings be
replaced at overhaul. The procedure for removal and
replacement of the crankshaft counterweight bushings
follows.

6. Polish the oil seal area of the shaft with crocus
cloth while the shaft is rotated counter-clockwise
when viewed from the flange (front) end of shaft. Do
not move the clothwhile polishingbecause the area
must be free of spiral marks.
7. Clean the shaft to remove all traces of grinding
dust and mask the bushing holes in the flange.
8. Cadmium plate (in accordance with AMS 2400)
the flange and oil seal area of the crankshaft as indicated in figure 7-13. Do not plate beyond the 0. 13
inch radius.

1. Thread the bolt of the counterweight bushing
puller through the puller plate, positioning the plate
so that the recess in itwill be next tothe crankshaft
when the puller bolt is inserted through the bushing
in the crankshaft. Install the small puller bushing
over the end of the bolt and then place the puller nut
over the end of the bolt and tighten. As the nut is
tightened on the bolt the counterweight bushing will
be pushed out of its recess in the crankshaft counterweight mounting ear and into the recess in the puller
plate. See figure 7-14.

9. After plating, bake the crankshaft at 275°F.
10° F. for 5 hours to eliminate possibility of surface
embrittlement.
10. See the applicable Avco LycomingParts Catalog
for the particular engine model for correct propeller
flange bushings and install new plated service bushings in the flange. Chill the bushings by refrigeration and install with Avco Lycoming Service Tool
No. ST- 115.

2. Measure the ID of the roller bushing hole in the
crankshaft. If the hole measures 0. 9369 - 0. 9377
inch, no reaming of the hole is necessary and a
standard bushing may be installed. If the roller
bushing hole measures more than 0. 9377 inch, the
next oversize bushing must be installed and the hole
reamed accordingly. See Table 7-2.

11. Support crankshaft in vee-blocks at the end
journals and measure run-out at refinished area.
Total indicated run-out must not exceed 0. 002 inch.
12. Examine
method.

crankshaft

by

magnetic

particle

REPLACE
THESEFOURSTUDS
ON SIX CYLINDER
SERIES

BODYFIT THRU-STUDS
NOTE:ENGINESWHICHINCORPORATE
AS INDICATED
BY ARROWSWILLBE STAMPED"X"OR"O"
AS SHOWNABOVE.ENGINESWITHSTUDS SO IDENTIFIED
NEEDNOT BE REWORKED

Figure 7- 11. Location of Thru-Studs to be Modified
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-PILOTDIAMETER

TABLE 7-2
Hole Size

Reamer No.

.9369/.9377
.9420/.9425
.9445/.9450
.9470/.9475
.9495/.9500
.9520/.9525

None
64874
ST-210
64875
ST-211
64876

3. Determine the oversize reamer needed and assemble
the reaming fixture over the crankshaft lug. Select the
two openings in the fixture to line up with bushing holes
and install the plugs provided to line up the holes in the
fixture with the holes in the crankshaft lugs. Secure the
fixture by tightening the set screw. Assemble the reamer
to a suitable brace and proceed to hand ream the hole
in the crankshaft lug to proper size.
4. Assemble the puller to the crankshaft in the same manner as described in "Step 1" except that the large puller
bushing is used instead of small puller bushing. Place the
correct size crankshaft bushing on the puller bolt, between the crankshaft lug and the large puller bushing.
When the puller nut is tightened, the bushing will be forced into place in the crankshaft.
CAUTION
The inside diameter of these bushings is finished at the factory and no further machining of the
bushing is necessary. Caution must be exercised when installing the bushings so that this
finished ID is not damaged. Because of possible damage to the crankshaft, never, under any
circumstances, remove or install the roller
bushings by use of a drift.
5. After the bushing is installed, check its alignment with
the main bearings by placing the crankshaft in vee blocks
on a surface plate. Install the wedge blocks, Tool No.
ST-212, in the bushing and compare parallelism of the
wedge blocks with that of the mainjournals. Bushing must
be parallel with .002 per inch. Support the crankshaft in
the vee blocks at journals adjacent to the bushing location.
7-51. Counterweight Bushing Replacement - Consult the
latest edition of Servie Instruction No. 1143for information
relative to rebushing counterweights and subsequent
inspection.
7-52. Connecting Rod Bushings. If the bushing in the small
end of the connecting rod is worn beyond service limits, it
can be removed and replaced by accomplishing the following procedure:
1. Clamp the connecting rod on the connecting rod
bushing replacement block (P/N 64597) in such a manner that the small bushing in the rod is in alignment with
the hole stamped "Remove Bushing". Use the connecting rod bushing removal drift (P/N 64535) and drive the
bushing out of the rod. Move the connecting rod to the
"Install and Burnish" position and clamp it securely in
place. Using the replacement drift (P/N 64536) drive a
7-10
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Figure 7-12. Limits for Straightening Bent Flange
new bushing in place in the rod. Be sure the split in the
bushing is located so that it is toward the piston end of
rod and 45 off the centerline.
2. Use a suitable arbor press and the connecting rod
bushing burnisher (P/N 64580) to burnish bushing in
place. Pass the burnisher completely through the bushing.
Remove the rod from the holding block and finish bore
the bushing to diameter shown in Table of Limits,
SSP1776,Ref. 600. Check the bushing ID with finish ID
gage (P/N 64767). Check alignment of the hole in the
bushing with connecting rod parallelism and squareness
gage (P/N 64530) as described in paragraphs 7-39 and
7-40. If the assembly does not meet the requirements
shown in references 503 and 504, Table of Limits,
SSP1776, the entire assembly must be replaced.
7-53. Crankshaft and Gear Assembly. Damage to the
crankshaft gear and the counterbored recess in the rear of
the crankshaft, as well as badly worn or broken gear alignment dowels are the result of improper assembly techniques
or the reuse of worn or damaged parts during reassembly.
Since a failure of the gear or the gear attaching parts would
result in complete engine stoppage, the proper inspection
and reassembly of these parts is very important. The procedures described in the followingsteps are mandatory.
CAUTION
Prior to making any repairs to the crankshaft,
insure that the counterbored gear mounting face
of the crankshaft is undamaged by fretting or galling. Damage of this nature is unrepairable.
1. Examine the threads in the gear retaining bolt hole of
the crankshaft. Insure that the tapped hole is clean and
Revised June, 1993
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the threads are undamaged. The threads can be cleaned
by running a tap through them. Use a standard
.3125-24NF3 (P.D. .2854/.2878) tap for 5/16inch threads.
Use a standard .500-20NF3 (P.D. .4675/.4701)tap for 1/2
inch threads. Check the depth of the thread by threading
a gear retaining bolt to the bottom of the hole and comparing the exposed length of the bolt with the thickness
of the gear and lockplate.
CAUTION
Use extreme care when cleaning threads with
tap.
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steps. Do not attempt to reuse a crankshaft with an oversize pilot diameter.
a. After removing the dowel, machine the pilot
diameter in the end of the crankshaft to 2.129/2.130
inch as shown in the illustration. See Figure 7-12A.
Also, cut the .09 deep x .06R undercut as shown.
b. Chrome or nickel plate the surface of the pilot
diameter with a firmly bonded deposit that is free of
pin holes, blisters and any other imperfections that
could impair the function of the parts.
c. After plating, stress relieve the shaft by baking at
390 to 410°F. for 3 to 5 hours.

AFTER GRINDING
CHAMFER 45° x .03
MACHINE TO THIS
DIA. BEFORE
PLATING. PLATE
DIA. ONLY.GRIND
DIA. TO 2.126/2.125
AFTER PLATING.
PLATING - NOT PERMITTED IN THESE HOLES
THIS SURFACEAND PILOT
DIA. MUST RUN TRUE
WITHIN .001 IN. TOTAL INDICATOR READING. DO
NOT PLATE THIS SURFACE.

d. Grind the plated pilot diameter surface to
2.125/2.126inch. Note that the diameter must run true
with rear main journal within .001 inch total indicator
reading.
CAUTION
The crankshaft counterbored gear mounting face
should be checked for damage. If the surface face requires repair other than specified in CAUTIONfollowing paragraph 7-53, the crankshaft should first be
measured as shown in Figure 7-12G. If the crankshaft
measures more than the minimum dimension shown
in Figure 7-12G, the surface may be reworked down
to the dimensions shown. (Do not plate the surface.)
The surface must be true within .001 in. total indicator
reading to rear main bearing and the surface finish
must be held to 45 to 90 microinches.
e. Chamfer edge of pilot diameter 450 x .03 as shown
in Figure 7-12A.

Figure 7-12A. Details for Repairing Pilot
Diameter of Crankshaft
2. Check the condition of the dowel in the end of the
crankshaft. It should be perfectly smooth with no indication of nicks or deformation. If it is out-of-round, it should
be removed and replaced with a new one. Replacement
instructions are in step 4. If dowel conditionis acceptable,
insure that it is installed as shown in Figure 7-12B. or
Figure 7-12C.
CAUTION
If the dowel must be removed, it is very important to do so without damaging the hole in the
crankshaft. A satisfactory method consists of
drilling a 1/8 in. dia. hole through the center of
the dowel; then fill the hole with oil and insert
a piece of 1/8 in. dia. drill rod in the hole. Strike
the end of the drill rod a sharp blow with a hammer. Hydraulic pressure of the oil will force the
dowel from the crankshaft.
3. Check the pilot diameter of the counterbore on the
end of the crankshaft for size and evidence of damage.
The diameter should not exceed 2.1262 inches when
measured at any location. If found to be oversize, the
crankshaft may be repaired as described in the following
Revised June, 1993

STD-1065 DOWEL IS
DRIVEN TO LOCATE
SHOULDEROF DOWEL
.010/.020 IN. BELOW
SURFACE.

Figure 7-12B. Section Thru End of Crankshaft
Showing Driven Height of STD-1065 Dowel
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If the dowel has been removed, check the condition of
the dowel hole in the crankshaft. If out-of-round or
oversize, ream as required for installation of an
o//ersize dowel. Available oversize dowels and the
~~corresponding reamed holes are shown in Table 7-3.
4.

,,~

0/Y////y///,~~~~~

Size

DRIVEN TO LOCATE
END OF DOWEL .160
IN.ABOVE COUNTERBORE
SURFACE OF CRANKSHAFT.

Code
on
Dowel
None

Diameter of
Dowel "A"
(Fig. 7-12D)
.3095/.3100

Diameter of
Dowel Hole
in Crankshaft
.3085/.3095

STD-1065-P02

P02

.3115/.3120

.3105/.3115

STD-1065-P05
STD-1065-P10
STD-1065-P15

P05
P10
P15

.3145/.3150
.3195/.3200
.3245/.3250

.3135/.3145
.3185/.3195
.3235/.3245

STD-2078
STD-2078-P02
STD-2078-P05
STD-2078-P10
STD-2078-P15

None
P02
P05
P10
P15

.3760/.3765
.3780/.3785
.3810/.3815
.3860/.3865
.3910/.3915

.3750/.3760
.3770/.3780
.3800/.3810
.3850/.3860
.3900/.3910

Dowel
Part No.
STD-1065

Figure 7-12C. Section Thru End of Crankshaft

Showing Driven Height of STD-2078 Dowel
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gear and crankshaft assembly. Serviceable gears

be modified as shown in Figure 7-12E, prior
to being reassembled on the crankshaft, or a new
gear that has been manufactured to this
configuration must be installed. Before modifying
the gear, measure the diameter of the pilot flange.
If it is less than 2.1245 inch, it should not be
reused. The original 2.1250/2.1255 dimension of
the crankshaft gear must be restored with a flash
copper plate of up to .0005 inch max.

i

A
STD-2078 DOWEL

Figure 7-12D. Details of Crankshaft Dowels

7-1 B

Crankshaft gears for applicable engines are now
~manufactured with three % inch radius scallops cut
into the OD of the pilot flange and a counterbore
on the back side of the gear. These enlarged
scallops have been added to allow inspection of the

New
Crankshaft
Gear
Part No.
13S19646
13S19647
13519648
131S9649

Superseded
Crankshaft
Gear
Part No.
61155
67514
76786
LW-10284

Lockplate
Part No.
LW-18639
LW-18638
LW-18638
LW-10332

Bolt
Part No.
STD-2213
STD-2209
STD-2209
AN8-14A

Dowel
Part No.
STD-1065
(5/16 in.
dia.
STD-2078
(3/8 in.

dia.)
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CAUTION
Some old crankshaft gears are carborized all
over. If carborized, they willnot nick when a file
is used on scallop. If carborized all over, gear
should not be reworked.
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7-54. Starter Ring Gear. The latest edition of Service Instruction No. 1141contains all the information necessary to
accomplish the replacement of the starter ring gear.
7-55. Crankcase - Modificationof Center Main Bearing Supports to Incorporate Body Fit Thru-Studs. This modification to be performed on the followinglisted engines only.
DOWEL HOLE

.78

BREAK ALL SHARP
EDGES OF GROUND
SURFACES WITH A
HAND STONE.

P/N 13S19649

.75R 3 PLACES
EQUALLY SPACED
WITHIN + 50

P/N 13S19648

.06 R

.94

P/N

P/N 13S19647
Figure 7-12E. Details for Rework of Crankshaft Gears to Current Configuration
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5/16" Bolt
Head Must Be
Identified As
Shown.

NOTE
Refer ToTable 7-4
For Ap plicable Bolt
Part No.
No.
Assemble With Threads
Clean And Dry Of All
Foreign Substances, Prior
To Adding Lubricant.

Note: In Some Engines A Tang
Will Be Found Instead Of A Slot
At This Location. It Should Be
Free From Nicks And Dents.

Add Small Amount Of Fel-Pro
Food Grade AA, P/N 51168.
Lube First 3/8 Inch Of Threads,
Then Wipe Leaving Lube Retained Within Threads Only.

After Gear Is Assembled, Attempt
To Insert A .001 Inch Feeler Gage
Between Gear And Crankshaft At
Each Scallop (SeeText).

Gear: Check Slot And Teeth
For Condition. Check Dowel
Hole And Pilot Flange For Size
(See Text). Modify To Provide
Scallops (See Figure 5).

Be Sure Mating Surface
Of Gear And Crankshaft
Counterbore Are Clean
And Dry Of All Foreign
Substances. Gear Must
Seat Firmly In Counterbore During Assembly
(SeeText).

Crankshaft: Check Condition Of
Threads By Screwing In Attaching Bolt (See Text). Check
Condition And Diameters Of
Dowel, Pilot, Diameter And Face.

Figure 7-12F. Rear End View of Crankshaft Showing Associated Parts
CAUTION
No field repair of crankshaft gear attaching threads is permitted. Crankshafts requiring this
type
of repair must be returned to the factory through an authorized Textron Lycoming Distributor.

THRUST
FACE
SURFACE

MINIMUM DIMENSION

CAUTION
Insure minimum dimension is measured

between thrust face surface and pilot.

Figure 7-12G. Minimum Dimension of Crankshaft
7-1OD
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6. Assemble reamer to universal and proceed to
finish ream the holes, once again paying attention
to the preceding "caution" note.
-REMOVEPROPELLERFLANGE BUSHINGBEFORE
\GRINDING.
MASK HOLESBEFOREPLATING.REPLACE
\WITH NEW BUSHINGAFTER PLATING.

7. Disassemble crankcase halves and hand tap the
anchor threads 0. 007 inch oversize using tap (P/N
64907).
8. Use a 3/4 inch counterbore (P/N 64904) and
standard tap handle to resize the oil seal counterbore hole. Exercise caution so as not to go deeper
than the present depth. See figure 7-10.
9. Burr to clean up all rough edges caused by the
reaming operations. Wash and clean the crankcase
thoroughly.
10. Assemble new body fit thru-studs (P/N 72698P07) in the threaded half of the crankcase. The
same size "O" ring seal is used with the 9/16 inch
thru-studs as was previously used.
7-56. Oil Relief Valve Sleeve (Non-adjustable oil relief valve). If the sleeve is badly scored or otherwise
damaged, remove and replace the sleeve in the following manner.

Figure 7-13. Reconditioning Crankshaft Oil Seal
Surface
0-320-B Series
0-340 Series
0-360-A, -C Series
0-540 Series

Engines
Engines
Engines
Engines

prior
prior
prior
prior

to
to
to
to

3815-39
405-30
3042-36
2790-40

1. With the crankcase assembled as directed in
paragraphs 7-34 and 7-35, loosen and remove the
thru-studs from the locations shown in figure 7-11.
2. Place the crankcase with the odd numbered cylinder side down on eight inch parallel blocks.
3. Set the stop collar (P/N 64905) 5. 75 inches above
the cutting edge of special piloted reamer (P/N
64902).

1. Apply a liberal coating of heavy grease to the
threads of a standard 1/2-20 bottoming hand tap.
This will aid in subsequent cleaning of the relief
valve bore, since loose metal particles resulting
from the action of the tap will tend to adhere to thetap when it is withdrawn from the bore. Insert the
tap into the relief valve bore, making sure that the
tap is centered in the ball seat of the sleeve. Screw
the tap into the sleeve a maximum of four full turns.
CAUTION
Do not rotate tap in excess of four full turns
because the tap may damage the crankcase
if it is inserted too far beyond the sleeve.
COUNTERWEIGHT
ROLLERBUSHING

COUNTERWEIGHT
EAR
ON CRANKSHAFT

4. Assemble the universal (P/N 64908) to a 1/2
inch electric drill motor, the reamer to the universal and proceed to ream 0. 547 inch through thrustud holes from the even cylinder number side.
Continue reaming until the reamer reaches the
collar. Make sure the drill and reamer has stopped
before removal from the stud hole.
CAUTION
A liberal amount of kerosene must be constantly flowing into the hole as the reamer
is passing through. This will prevent overheating and scoring.
5. Remove the stop collar fromthe 0. 547 inch diameter reamer and assemble the collar 5. 50 inches
from the cutting edge of the 0. 563 inch diameter
finish reamer (P/N 64903).
Revised January,
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COUNTERWEIGHT
BUSHINGPULLER
Figure 7-14. Removal of Crankshaft Counterweight
Bushing
7-11
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2. Draw the tap and sleeve straight out of the bore with
a sharp quick pull.

LEVER

3. Clean the relief valve bore thoroughly with petroleum
solvent and a suitable bristle brush, taking care to see
that all metal particles are removed. The sleeve seat in
particular must be entirely free from foreign matter, or
new sleeve will not seat properly.
4. Place a new relief valve sleeve into the crankcase bore
with the seat end of the sleeve toward the crankcase.
Make sure that the sleeve is centered in the bore, insert
sleeve driver (ST-215)in the sleeve and drive sleeve into
place with light hammer blows on the driver.
5. If the sleeve does not make a 0.001 press fit with the
crankcase, but is loose, remove the standard size sleeve
and install an 0.003 inch oversize sleeve exactly as described in Step "4" above.
CAUTION
In the event the hole in the crankcase is too small
for installation of the 0.003 inch oversize sleeve,
place the sleeve in a lathe and lap it sufficiently
to fit the hole in the crankcase. Never ream the
oil relief valve sleeve hole in the crankcase.
7-57. Oil Pressure Relief Valve(adjustable). The latest edition of Service Instruction No. 1172contains the information relative to replacing the non-adjustableoil pressure relief
valve assembly with the adjustable oil pressure relief valve
assembly if required.
7-58. Crankcase - Fretting. Consult the latest edition of Service Instruction No. 1112for information relative to inspection and repair of crankcases damaged by fretting.
7-59. Crankcase - Fretting. The latest edition of Service Instruction No. 1123contains all the requirements necessary
to modify the crankcase to prevent fretting.
7-60. Crankshaft Idler Gear Shaft Recess. Damaged or worn
idler gear shaft recesses in the crankcase can be repaired
as described in Service Instruction No. 1197.
REASSEMBLY
7-61. Crankshaft Sludge Tube Assembly (Where applicable).
Support the crankshaft in a nearly vertical position and install new sludge tubes. Place a new sludge tube on the applicable drift, P/N 64547 for six and eight cylinder engines
and P/N 64548 for four cylinder engines, and drive sludge
tube to its correct depth. See figure 7-17for four cylinder
engines and figure 7-18 for six and eight cylinder engines.
NOTE
Sludge tubes are not employed in later model
crankshafts. However, this is not to imply that
sludge tubes can be removed and not replaced
in those crankshafts originally using sludge
tubes.

7-12

HYDRAULICVALVE
HYDRAULIC

VALVECOVER

OIL SEAL

Figure 7-15. Hydraulic Valve Assembly
7-62. Expansion Plug. On engines equipped for fixed pitch
propeller use the expansion plug installationdrift (P/N 64681)
to install a new expansion plug in place in the front of the
crankshaft (see figure 7-17)with the convex side toward the
front. Be sure the plug fits firmly against the shoulder provided for it on the inside diameter of the crankshaft.
7-63. Plug. On engines equipped for controllable pitch propeller, a plug is installed at the rear of the bore in the front
of the crankshaft. If this plug has been removed during
overhaul, install a new plug by sliding it sideways past the
crankshaft propeller oil tube (see figure 7-17).When the plug
is properly positioned in the rear of the bore (flangeforward)
insert the oil plug drift (P/N 64770 for 1-3/4 inch plug, P/N
ST-46for 1-3/8inch plug) and seat the plug with several sharp
hammer blows on the drift.
NOTE
Some crankshaft employ a 1-1/4inch plug. This
size plug cannot be replaced in the field. The
crankshaft must be returned to Textron Lycoming for repair.
7-64. Propeller Flange Bushings. If the propeller flange
bushings have been removed from the crankshaft, new
bushings must be installed. Use the crankshaft flangebushing
replacement tool (ST-115)to install new bushings. Consult
the applicable Parts Catalog for proper location of the
bushings.
7-65. Crankshaft Gear. Assemble the gear to the crankshaft
using both a new lockplate and bolt. Refer to Figure
7-12F. The correct bolt, lockplate and dowel for each
gear are shown in Table 7-4. Tighten the bolt to 125
inch lbs. torque, then with a hammer and brass drift,
tap lightly around the pilot flange of the gear and listen
for sharp solid sounds from the hammer blows that
would indicate that the gear is seated against the
crankshaft. As a check on seating against the crankshaft,
attempt to insert a pointed .001 inch thick feeler gage
or shim stock between the gear and crankshaft at each
of the three scallops. The .001 feeler gage, or any
smaller feeler gage, must NOT fit between the two sur-
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faces at any location. (.001 feeler gage is used as an indicator,
however there must be no clearance between crankshaft and
gear.) Retighten the gear attaching bolt to the proper torque. Tighten the 5/16 inch bolt to 204 inch-pound torque or
the 1/2 inch bolt to 660 inch-pound torque. Measure the
clearance between the O.D. of the gear flange and the pilot
I.D. of the crankshaft. There should not be more than .0005
inch clearance at any point. Bend the lockplate against the
bolt head.

Revised June, 1993
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7-66. Counterweight Assembly. When assembling
counterweights which have previously been installed on the
engine, use the identifyingmarks, made on the various parts
during disassembly, to enable matchingeach washer with the
proper seat on the counterweightfrom which it was removed.
Install washer (10) and retaining ring (11) on one side of the
counterweight (8), place the counterweight on its proper ear
on the crankshaft,insert the roller (9) and secure the assembly
by installing the washer and retaining ring on the second

7-12 A/B

OVERHAUL

MANUAL

LYCOMING

DIRECT

DRIVE AIRCRAFT

ENGINES

Section 7

Crankcase, Crankshaft
and Reciprocating Parts

TO
SEPARATE DOWELED CRANKCASES

TO
ASSEMBLE DOWELED CRANKCASES

Step 1. Right Side of Crankcase Showing
Installation of Bolts on Half-Inch Cylinder Studs

Step 1. Right Side of Crankcase Showing
Bolts Installed on Thru-Studs

Step 2. Right Side of Crankcase Showing
Installation of Plate

Step 2. Right Side of Crankcase Showing
Plate Assembled Over Bolts

Step 3. Left Side of Crankcase Showing
Installation of Plate

Step 3. Right Side of Crankcase Showing Pressure
Plate Utilized to Pull Halves of Crankcase Together

Figure I- 16. Separation and Assembly of Doweled Crankcases Using Pressure
Revised January,
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SLUDGE
TUBESTO THESEDIMENSIONS

REMOVE
EXPANSION
PLUGFORCONSTANT
SPEED
OPERATION

MODEL

DIMENSION "A"

DIMENSION "B"

0-235, 0-290
0-320,0-340
0-360

0. 20 inch
0.20 inch
0.25 inch

0. 20 inch
0.20 inch
0.31 inch

Figure 7-17. Dimensions to Drive Sludge Tubes (Four Cylinder Engines)
side of the counterweight. Note that washers are installed with the chamfered side in toward the roller
and the circlip with the sharp side toward the outside
(see figure 7-19) and gap in position as shown in figure
7- 20. Insert one end of the counterweight retaining ring
gap gage (P/N 64892) between the ends of the retaining
ring, making sure the gage is resting on the bottom of
the groove. The gage must pass between the ends of
the retaining ring and, when rocked back and forth,
must clear the inside edge of the top of the retaining
ring. If the gage does not pass freelybetween the ends
and under the top of the ring, the ring is not seated
properly. Make sure all rings are properly seated.
Consult the latest edition of Service Instruction No. 1012
for proper location of each counterweight on the crankshaft.
7-67. Connecting Rods. Assembletwo new connecting
rod bolts in each connecting rod cap and install new
bearing inserts in the connecting rod and connecting
rod cap, making sure the tang of each bearing insert
enters locating slot in cap and connecting rod. Assemble each connecting rod assembly and tighten nuts
moderately tight. Measure the ID of each bearing and
check for clearance against measurements taken previously on the diameter of crankpin journals.
NOTE
Connecting rods are marked at manufacture with the part number followed by a
letter (A through E) designating weight
groups. It is recommended that replacement sets of rods be of the same weight
classification. Individual rods may be replaced by a service rod bearing the letter
7-68. Place the crankshaft on a suitable support on
the bench so that all crankpins are free for installation of connecting rods. Disassemble connecting rods
after checking bearing ID, thoroughly coat both in7-14

serts and the crankpin journals with preservative oil
and assemble rods on their respective crankpins. The
order of assembly should be such that the numbers
stamped on the caps and rods will be down (toward
the sump).
7-69. There are two types of connecting rod bolt and
nut assemblies employed. One is tightened to a specified torque and the other to a stretch length. When
tightening to a stretch length alternately tighten the
nut and check the length using stretch bolt gage (P/N
64945). If the stretch limit is exceeded, the connecting rod bolt must be replaced.
7-70. Camshaft (With Separate Gears). See figure 7-5.
On six and eight cylinder engines assemble the Woodruff key (3), install the governor drive gear (2) and
secure with retaining rings (1).
7-71. (a) Camshaft (with separate gears) ExceptO-235
and 0-290 - Secure the tachometer shaft (16) to
the end of the camshaftwith a pin (15). Assemble
the camshaft gear (14) over the stepped dowel
(12) on the camshaft and insert the spacer (18)
into the center recess of the camshaft gear. Assemble the breather slinger (19) and secure assembly to the camshaft gear with lockplate (20)
and hex head screw (21).
(b) (0-235, 0-290) - The tachometer shaft is installed in the accessory housing. Assemble the
tachometer drive pin (15) in the camshaft. Assemble the camshaft gear (14) over the stepped
dowel (12) and secure to the camshaft with lockplate (20) and hex head screw.
7-72. (a) Camshaft (with integralgears) Except 0-235
and 0-290 - Assemble tachometer shaft centering
spacer and install pin and tachometer shaft, secure with retaining ring.
(b) (0-235, 0-290) - Install pin and tachometer
shaft in camshaft gear and secure with retaining
ring.
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Crankcase,Crankshaft,
and ReciprocatingParts

7-73. Crankcase. Place both crankcase halves on a
suitable support with the interior of each half facing
upward. Place new main bearing inserts in the center
and rear main bearings of both crankcase halves,
making certain thatthe tang of each insert is fitted into
the recess provided in the crankcase. Place the front
main bearing temporarily in place in the left crankcase half making sure the bearing is properly seated
on the two dowels.

1. Place the governor driven gear (8) in the drive
housing at the front left of the crankcase.

NOTE

3. Place the idler gear and thrust washer on the
shaft. Thrust washers are of selective fit to give
proper backlash between the gears.

The front main bearing, unlike the center
and rear bearings, splits on the horizontal centerline of the engine.
Use a pencil to trace, on the assembled bearing, both
lines of intersection
between the crankcase
parting
flanges and the bearing. Also make a vertical reference mark on both the bearing and the crankcase at
any convenient point along the line of intersection,
thus locating the bearing both radially
and axially.
These marks are necessary to insure proper seating
of the bearing halves on the two locating dowels when
the crankshaft is placed in position in the crankcase.

2. Insert the idler gear shaft (4) through the opening in the housing. Note that a Woodruff key is used
in the shaft employed on six and eight cylinder engines whereas the shaft used on applicable four cylinder engines is pinned to the housing.

4. Assemble gasket (5) and hex head plug.
7-75. Assemble an idler gear shaft (29, figure 7-5) to
the rear of each crankcase half in the following manner.

1. Insert the pilot of the shaft into the hole provided
in the crankcase and turn the shaft until the holes
of the pilot flange align with the drilled holes in
the mounting pad of the crankcase.
2. Place a lockplate (28) over the flange.
3. Secure with the applicable
sult Parts Catalog.

NOTE
0-235-C,
0-290-D, O-290-D2 series and
O-320-E2D do not employ the front main
bearing described.
They employ the same
main bearings in all locations. Also if the
0-235-C, 0-290-D or 0-290-D2 use a hydro control valve they employ a different
front main bearing. Consult Parts Catalog.

7- 74. Propeller Governor Drive (Located on left crankcase half). See figures 7-3 and 7-4. This drive assembly must be installed before the crankcase halves
are assembled. This is accomplished in the following
manner.

fastenings

(27). Con-

7-76. Place the left crankcase half on a suitable support on the bench with the cylinder pads down. This
support should be so constructed as to give approximately six inches clearance between the crankcase
and bench.
7-77. Lay the right crankcase
the cylinder pads down.

half on the bench with

7- 78. A counterbored recess is provided for an oil seal
ring at each bolt and stud location. Install a new oil
seal ring at the base of each stud.

DRIVEIN FLUSHAT THIS POINT

DRIVEIN FLUSHATTHIS POINT
(BEARING
END)
Figure
Revised

January,

1971

7-18.

Dimensions

to Drive Sludge Tubes (Six and Eight Cylinder

Engines)
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(Point A) regrind the front face of the crankshaft slinger
(Point "B") to remove the clearance.
Grind only that
amount, from the face of the slinger, necessary
to
remove clearance. Push the crankshaft as far as possible to the rear of crankcase.
Check the clearance
betweenthethrust
surface of crankshaft and crankcase.
7-83. Pre-lubricate
the main bearing inserts of the
right crankcase half.
ASSEMBLE
CIRCLIP
WITH SHARP EDGE OF

Figure

7-19.

Assembly of Washer
in Counterweight

and Circlip

NOTE
Oil seal rings are not used at center saddles that are doweled nor at center saddles on 0-320 and 0-360 wide cylinder flange models usingthru-studs
that are not
attached by screw-threads.
7-79. Remove the hydraulic tappet bodies from the
cleaning basket, lubricate as directed in paragraph
3-37, and place in proper hole in the crankcase.
NOTE
If a new or reconditioned
camshaft is tobe
used, new tappet bodies must be used.
7-80. Pre-lubricate
the camshaft lobes and bearings
as directed in Paragraph 3-37. Lay the camshaft in
position in the right crankcase half. Loop a soft wire
around an adjacent cylinder pad stud in such a manner as to holdthe camshaft inplacewhenthe
crankcase
is turned over. See figure 7-2.
7-81. Pre-lubricate
the main bearing journals of the
crankshaft
and the rear and center main bearing inserts in the left crankcase
half. Remove the front
main bearing halves from the left crankcase half and
coat eachbearing
half liberally and assemble the bearing on the crankshaft.
Rotate the bearing on the journal so that the three oil transfer
holes will be uppermost when the crankshaft is placed in the left crankcase half. Pick up the assembled crankshaft by the odd
numbered connecting rods and lower the crankshaft
into the left crankcase half permitting the even numbered rods to protrude through their respective
cylinder mounting pads. Using the reference marks made
previously,
adjust the front main be aring so that the
halves are seated squarely on the locating dowels.
7-82. Seefigure 7-24. If either the crankcase or crankshaft has been replaced, the crankshaft end clearance
must be checked. When crankshaft is located in the
left crankcase
half, push the crankshaft
forward as
far as possible. Check the clearance,
at the rear of
the front mainbearing
surface, between the crankcase
and crankshaft
shoulder.
(Point "A"). If clearance
exists between crankcase and crankshaft thrust surface
7-16

7-84. Apply a film of non-hardening
gasket compound
to the outside mating surfaces of eachcrankcase
half.
The compound must not be applied to any of the interior mating surfaces such as the bearing support webs.
Next imbed a length of "oo" silk thread in the gasket
compound along outside edge of left crankcase
half.
Run the length of thread so that it is on both sides of
bolt hole without touching each other. An alternate
method of sealing is discussed in Service Instruction
No. 1125.
7-85. Lowerthe right half of the crankcase so thatthe
studs align properly with the left half. If necessary,
tapthe right half gently with a soft hammerto facilitate
assembly. However, no difficulty will be encountered
if the two halves are kept parallel while the right is
being lowered onto the left. After the cases are together, tap the right half with a soft hammer to seat
it securely all around.
NOTE
Crankcases
that are doweled at the thrustuds can only bebrought together as described above to a point where the dowels
are encountered.
At that point assemble
the pressure plate as described in figure
7-16 and complete the assembly.
7-86. Installall
crankcasefastenings.
plicable Parts Catalog for correct

Consult the apattaching parts.

7-87. In order to insure uniform loading on the main
bearings, it is necessary to tighten the studs and bolts
in the following sequence.

Figure

7-20.

Location of Gap When Installing
Retaining Rings
Revised
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(ST-222 or equiv-

7-89. Install nuts on free ends of 1/2 inch thru-studs
and using the sequence specified in figure 7-21, 7-22
or 7-23, whichever is applicable, tighten to 300 inch
pounds.
NOTE
0-320 and 0-360 wide cylinder flange
models using 1/2 inch body fit thru-studs
with both free ends must be tightened from
bothsides simultaneously.
Make surethis
type of thru-stud is assembled with equal
lengths extending from both sides of the
crankcase.
6th

TIGHTEN
CRANKCASE
FASTENINGS
THRU
INSEQUENCE
INDICATED

7-90. Using same sequence specified in paragraph
7-89, tighten nuts onthe thru-studs to 600 inch pounds.
Figure
NOTE
0-235 series engines employ 3/8 inch
thru-bolts
and are only tightened to 300
inch pounds.
7-91. Torque 3/8 inch nuts at front main bearing (4,
figure 7-21; 5, figure 7-22 or 6, figure 7-23) to 300
inch pounds.
7-92. Using sequence specified (5 thru 9, figure 7-21;
6thru 12, figure 7-22 or 7thru 15, figure 7-23)tighten
1/4 inch nuts at crankcase parting face to 75 inch
pounds.
7-93. Torque 3/8 inch nut (10, figure 7-21; 13, figure
7-22 or 16, figure 7-23) at camshaft bearing to 300
inch pounds.
7-94. Using any sequence tighten the remaining
1/4
inch nuts at crankcase parting face to 75 inch pounds.
7-95. Assemble thecrankshaft
oil seal 18, figure 7-1
in the following manner. Assemble the seal with the

ST TIGHTEN
ONLEFTSIDE
-2ND TIGHTEN
ONLEFTSIDE

7-22. Crankcase
(Six Cylinder

Tightening
Engines)

Sequence

split located at the 1:00 o'clockposition
on right hand
(standard) rotation and 11 o'clock position on left hand
(reverse) rotation engines viewed facing propeller end
of engine.
NOTE
Crankshaft oil seal may have either a flat
surface OD and held in place by retaining
plates (19, figure 7-1) or a raised lip on
the OD to enter a machined groove in the
crankcase.
These seals are not interchangeable.
7-96. Coat the OD of the sealand the split of the seal
withNo. 20 Pliobond or Silastic 140 sealant. Assemble
the seal uniformly in the crankcase withthe lip matching at the split. Be sure no pliobondgets onthe I. D. of
the seal or on the crankshaft. See Service Instruction
No. 1303 for method of installing solid ring oil seal.
NOTE
Crankshaft oil seal may have either a flat
surface OD and held in place by retaining
plates (19, figure 7-1) or a raised lip on
the OD to enter a machined groove in the
crankcase.
These seals are not interchangeable.
7-97. Hydro Control Valve (0-235, 0-290 series,
where applicable). See figure 7-15. Theoilsealinthe
valve cover should be replaced. This seal, which is
a drive fit with the cover, should be driven into the
bore with a suitable tool until it forms aflush surface
with the face of the boss on the valve cover. Install
valve body, valve cover and valve lever.

4 TH TIGHTEN
ONLEFTSIDE
5 TH TIGHTEN
CRANKCASE
FASTENINGS
THRU INSEQUENCE
INDICATED
Figure 7-21. Crankcase Tightening Sequence
(Four Cylinder Engines)
Revised
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7-98. Generator or Alternator Drive Belt (where applicable) and Ring Gear Support Assembly. Place the
drive belt in the pulley of the ring gear support and
assemble the ring gear support over the propeller
flange bushings. Be sure the bushing hole in the ring
gear support bearing the identification "O" is assem7-17
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TH TIGHTEN
ONRIGHTSIDE
4TH TIGHTENONLEFTSIDE
ND TIGHTEN
ONLEFTSIDE
-3RD TIGHTEN
ON

LEFTSIDE

TIGHTEN
ONRIGHT
SIDE
7 THTIGHTEN
CRANKCASE
FASTENINGS
(7)THRU INSEQUENCE
INDICATED
Figure 7-23. Crankshaft Tightening Sequence (Eight Cylinder Engines)
bled over the flange bushing also identified with "O"
etched on crankshaft flange next to bushing. The starter
ring gear must be located correctly to assure proper
alignment of the timing marks on the ring gear.
7-99. Crankshaft Idler Gears (4 cylinder engines).
Place the crankshaft idler gear on the idler gear shaft
located to the left between the camshaft gear and the
crankshaft gear. The crankshaft idler gear is marked
in two places with a small etched circle. One of these
marks is located at the space between gear teeth and
the second is located on a gear tooth. The camshaft
gear is marked with two etched circles on adjacent
teeth, while the crankshaft is marked with an etched
circle on one of the gear teeth. The marked tooth on
the idler gear must mesh with the space between the
marked teeth on the camshaft gear, while the marked
space on the idler gear must mesh with the marked
tooth of the crankshaft gear. See figure 2-7.
7-100. The crankshaft idler gear must be assembled in
its proper relationship withboth the camshaft gear and
the crankshaft gear because no other combination of
these three gears will permit correct valve timing.
Assemble the second crankshaft idler gear on the idler
gear shaft on the right side. The position of the timing
mark on this gear is immaterial. Check the backlash
between gears.
7-101. Crankshaft Idler Gears (6 cylinder engines).
Place the left crankshaft idler gear on the idler shaft
locatedto the left and between the camshaft and crankshaft gears. It will be noted that this dual gear is
7-18

marked in three different places withtiming marks in
the form of small etched circles. The smaller diametergear is marked at one place withthe etchedcircles ontwo adjacentteeth andat anotherplace asingle
tooth is marked. The larger diameter gear is marked
at one place with the etched circles on two adjacent
teeth, andthe crankshaft gear has small etched circles
on single gear teeth at two different locations. The
single marked tooth on the idler gear must mesh with
the two marked teeth of the camshaft gear while the
marked teeth on the crankshaft gear must mesh with
the marked teeth of the idler gear. (See figure 2-8).
7-102. Install the right crankshaft idler gear in place
on the idler shaft making sure that the second marked
tooth on the crankshaft gear meshes with the space
betweenthe two marked teethon the smaller gear surface of the idler gear. (See figure 2-8).
7-103. Note that the magneto gears shown in figure
2-8 are marked with a circle on one tooth. This tooth
must mesh betweenthe two circles etched on adjacent
teeth of the larger diameter gear of the crankshaft
idler gears.
7-104. Crankshaft Idler Gears (8 cylinder engines).
Place the left crankshaft idler gear on the idler shaft
located to the left and between the camshaft gear and
crankshaft gear. It will be noted that this dualgear is
marked in three different places with timing marks in
theform of smalletched circles. The largerdiameter
gear is marked at one place with the etched circles on
two adjacent teeth and at another place a single tooth
Revised October 1974
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is marked. The smaller diameter gear is marked at
one location with the etched circles on two adjacent
teeth. The camshaft is marked with smalletched circles on two adjacent teeth and the crankshaft gear is
marked at one location with one circle. The single
markedtooth of the idler gear must mesh withthe two
marked teeth on the camshaft gear while the marked
tooth of the crankshaft gear must mesh with the two
marked teeth on the idler gear. See figure 2-9.
7-105. Install the right crankshaft idler gear in place
on the idler shaft, meshing the etched circle on the
crankshaft gear between the two marked teeth on the
larger gear surface of the idler gear.
7-106. Note that the magneto gears shown in figure
2-9 are marked with an etched circle on two adjacent
teeth. The single tooth etched with a circle on the
smaller diameter idler gear surface must mesh between the two marked teeth on the magneto gear.

Figure 7-24. Checking Crankshaft End Clearance

Revised October 1974
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8.

FUEL

INDUCTION

8-1. General. To accomodate the number of engine
models, covered inthis manual, a number of oilsump
configurations
are employed. Basically all oil sumps
are similar and overhaul procedures will apply to all
models unless specifically called out to the contrary.

Remove the studs and clamps that secure the intake
pipe extensions and remove the extensions.

8-2. Various carburetors
and fuel injectors are employed on the engine models covered in this manual.
No attempt will be made to describe their overhaul.
Overhaul information for these trade accessories
may
be obtained from their respective manufacturers.

C LEANING

8-3. Two methods of assembling intake pipes are employed. One method employs a plain end intake pipe
and connections in the oil sump. The second method
employs a flanged end which is assembled directly
into the oil sump or induction housing.
DISASSEMBLY
8-4. Intake Pipes. Loosen and remove the capscrews
that attachthe intake pipe flange to the cylinder intake
port. Depending on installation,
either loosen hose
clamps and slide intake pipe off connection or pull intake pipe from the sump or induction housing. Discard
the "O" rings. Mark the intake pipes as they are removed from the engine so they may be reassembled
in the same location from which they were removed.
Engines employing tunes induction will have intake
pipes matched in length and diameter.
8-5. Carburetor or Fuel Injector. Remove the carburetor or fuel injector from either the air inlet housing or from the mounting pad on the sump. Remove
the air inlet housing on installations employing same.
Carburetor or fuel injector mounting pads may be incorporated on either the bottom, front or rear of the
oil sump.
8-6. Oil Suction Screen. See figure 8-1 thru 8-4. The
oilsuction screen housing maybe found at any number
of locations on the sump. Unscrew the hex head plug
and remove gasket and oil suction screen.
8-7. Induction Housing (IO-540, TIO-540). See figure
8-3. Remove the air inlet housing from the sump and
induction housing. Remove the induction housing from
the bottom of the sump. Remove the studs (14) and
clamps (15) that secure the intake pipe extensions and
remove the extensions (16).
8-8. InductionHousing (IO-720-A, -C). Seefigure 8-4.
Remove the induction housing (8) from the bottom of
the sump.
8-9. Induction Housing (IO-720-B). Remove the air
inlet housing from the induction housing. Remove the
induction housing cover and the induction housing.
Revised

May, 1972

8-10. Oil Sumps - Remove the fastenings from
periphery of the sump and remove the sump.

8-11. Oil Sump- Clean the sump according to
general instructions
contained in Section 3. Clean
oil passages with solvent and a suitable brush
blow out with compressed
air. Do not clean the
suction screens until they have been inspected
metal particles.
8-12. Carburetors
- Clean the carburetors
dance with the manufacturer's
instructions.

the

the
the
and
oil
for

in accor-

8-13. Fuel Injectors (Bendix). Remove and clean the
fuelinlet screen on strainer. Clean the strainer inunleaded gasoline or Varsol cleaning fluid.
8-14. Fuel Injector (Simmonds). Clean all exposed
surfaces of the fuel pump and throttle body assemblies
with a dry lint free cloth.
8-15. InjectorNozzles
- (Simmonds). To cleannozzle
orifices use a stream of dry compressed air. Do not
use a probe of any kind to clean nozzle orifices.
8-16. Injector Nozzles - (Bendix). Remove the nozzle
and submerge it in cleaning solvent (Stoddard Solvent,
Methyl Ethyl Ketone or equivalent).
Remove nozzle
from solvent, and dry with clean, dry compressed air.
Under normal conditions, the shield and screen are
NOT removed from the nozzle assembly. However, if
either the shield or screen are removed from the nozzle, both must be thoroughly cleaned prior to reassembly and the shield must have a tight fit on body
when installed.
NOTE
At no time is it permissible
to use a sharp
tool such as a wire to clean out an air bleed
nozzle.
INSPECTION
8-17. Inspect the sump according
structions contained in Section 3.

to the general

in-

8-18. OilSuction Screen. Before cleaning the screen,
inspect for evidence of metal particles,
which could
serve as an aid to locate deterioration in some section
of the engine. Inspect screen for distortion or openings of the mesh.
8-1
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3
2

11

4

12
11I

10
6

7
7

8

1.
2.
3.
4.
5.
6.

Intake Pipe
Gasket
Flange Gasket
Flange
Oil Suction Screen
Gasket

7.
8.
9.
10.
11.
12.
Figure

8-1. Oil Sump and Related Parts

must
Inspection of carburetors
8-19. Carburetors.
determine
parts serviceablility
and repair and replacement requirements.
Check applicable manufacturer's publications for limits to be used when conducting inspection.
8-20. Bendix Fuel Injectors. The fuel metering section
should be inspected along with its corresponding
fuel
lines and fittings for damage or fuel leakage. Check
all fuel lines for deformation,
restrictions
and fuel
leakage. Check throttle and mixture control rods for
deformation.
8-21. Simmonds #530 Fuel Injectors - The following
inspection procedures
are applicable to Simmonds #
530 fuel injectors.
8-2

Plug
Gasket
Throttle Body Elbow
Gasket
Hose Clamps
Hose
Group

8-22. Pump Assembly - Inspect mounting surfaces and
fastenings for security. Check for leakage, cracks or
other damage to pump housing. Check pump fittings
and lines connected to pump for cracks or other damfor damage andwear.
age. Checkmixture controllever
Inspect linkage connected to mixture control lever for
damage and/or wear.
8-23. Throttle Body - Check allof the followingparts
for damage and/or wear. (a) Throttle lever and linkage. (b) Throttle body. (c) Accelerator pump linkage,
(e) All
levers and lines (d) Fuel manifold assembly,
other fittings and lines.
8-24. Nozzle Assembly. Check nozzle lines for wear,
damage or leakage. Inspect installed nozzles for security of mounting. Make sure fuel lines are connectRevised May, 1972
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to the nozzles. Check for clogged nozzles.
edsecurely
Remove nozzles, if clogged, and conduct a priming
operation to make certain fuel flows from the nozzle.
NOTE
Nozzles for this system are a matched set
and are stamped "A", "B" or "C". Fuel
flows for these nozzles are:
a. "A" - 280to284cc
psi supply pressure.

Section8
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REPAIR AND REPLACEMENT
8-25. Intake Pipe Connection Removal. In the event
that any of the intake pipe connections are loose or
damaged, remove the defective connection by collapsing it with a chisel or punch.
Place a
Installation.
8-26. Intake Pipe Connectionnew connection on the end of the swaging tool (64781)
and tighten the screw until the rollers have expanded
sufficiently to hold the connection on the tool. Insert
the connection into the hole in the sump, making sure
that the connection is fully inserted in the hole and
seated on the machined shoulder provided. Begin to
rotate the tool, stopping every couple of turns to expand the rollers by tightening the screw one or two
full turns. When the groove in the connection is fully
swaged in the groove in the sump, (this will be eviof the screw) coldenced by the increased resistance
lapse the rollers and withdraw the swaging tool.

per minute at 9. 8

b. "B" - 276 to 280 cc per minute at 9. 8
psi supply pressure.
c. "C" - 272 to276 cc per minute at 9. 8
psi supply pressure.

8-27. Repair of Intake Pipe Bores. Service Instruction
necesNo. 1168A describes in detail the procedures
sary to repair the intake pipe bores in the sump.

Only matched nozzles must be used in each
engine. If nozzles are mixed erratic engine
operation and uneven fuel distribution will
"A" nozzles
Example:
be experienced.
maybe required inone engine, and "B" or
"C" nozzles inthe other engine. Any combination may be usedto match the needles,
however, do not mix the nozzles inthe same
engine. The purpose of the three different
rate nozzles is to provide adjustment of the
fuel flows between engines to align fuel
flow gage needles.

- All repair and replacement pro8-28. Carburetors
cedures must be carried out in conjunction with the
Consult Avco Lycoming
publications.
manufacturer's
Service Bulletins nos. 297A, 306, 309 and 323 and be
has been modified to conform
certain the carburetor
with these bulletins.
8-29. Fuel Injectors - All repair and replacement
must be carried out in conjunction with
procedures

-5

6
8
1.
2.
3.
4.

5.
6.
7.
8.

Intake Pipe
Flange Gasket
Gasket
"0" Ring Seal
Figure
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Adapter
Oil Suction Screen
Gasket
Plug

8-2. Oil Sump and Related Parts

Group
8-3
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7-9

5

13 1 12

13
1 12

16
15
14

12

13

1.
2.
3.
4.
5.
6.
7.
8.

Annular Gaskets
Oil Sump Baffle
Plug, 7/8 - 14 x .62
Hose
Hose Clamps
Flange Gaskets
Intake Pipe Flanges
Intake Pipes

9. "O" Ring

10. Gaskets
11.
12.
13.
14.
15.
16.

Intake Pipe Connection
Oil Suction Screen
Plug 1.00 - 20 x. 62
Intake Pipe Extension Studs
Intake Pipe Extension Clamps
Intake Pipe Extensions

Figure 8-3. Oil Sumps and Induction Housing (0-540)
the manufacturer's
publications.
Consult Avco Lycoming, Service Bulletins nos. 305B, 320, 321, 322A,
331, 335 and 342 and be certain the fuel injector and
nozzle lines have been modified to conform with these
bulletins.

gasket assemble the oil sump to the crankcase
and
accessory housing. Consult the applicable parts catalog for correct fastenings. Tighten all fastenings
to
proper torque.

REASSEMBLY

8-31. Induction Housing (10-540 and TIO-540 Where
applicable). See figure 8-3. Assemble the intake pipe
extensions (16) in the housing and secure with intake
pipe extension clamps (15) and studs (14). Assemble
the induction housing to the sump. When the induction
housing is fastened to the sump it forms a housing for
the air inlet housing. Install the air inlet housing.

8-30. When engine build-up has progressed
to the
point where the crankcase and the accessory housing
have been assembled and the cylinders installed, the
sump may be assembled on the engine. Using a new
8-4
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10.
11.
12.

Gaskets
Intake Pipe Flange
Intake Pipes
1 Inch Plug
Gasket
Oil Suction Screen
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Section 8
Oil Sump and
Fuel lnduction

Helicoil
Induction Housing
Oil Seal
l/2 Inch Plug
3/4 Inch Plug
Oil Sump

Figure 8-4. Gil Sump and Induction System (IO-720)
8-32. Induction Housing (10-720-A, -C). See figure
8-4. Assemble the induction housing (8) to the bottom
of the sump.

housing to the sump and the induction housing cover to
the induction housing. Assemble the air inlet housing
to the induction housing.

8-33. Induction Housing (IO-720-B). Assemble the intake pipe extensions in the induction housing and secure with clamps and studs. Assemble the induction

8-34. Carbureteror Fuel Injector- Using a new gasket,
install the carburetor or fuel injector on its mounting
pad. Note that the serial numbers of the pump assem-

Revised May, 1972
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OilSumpand
FuelInduction
bly and throttle body of the Simmons #530 fuel injeccure the flange to the cylinder. Slide hose (4) over
tor mustbe the same. These units are notinterchangconnection (11) and tighten clamps.
eable.
8-37. Air Bleed Nozzles. Air bleed nozzles are installed in the cylinder head. In upper side of head on
8-35. Flow Dividers.
The flow divider used in the
down exhaust cylinders and lower side of head on up
Bendix fuel injection system is mounted in such a
exhaust cylinders.
Install nozzle so that the identififashion that its discharge nozzles are in a horizontal
cation mark(letter
or figure on .500 hex) is installed
plane. The flow divider is mounted generally to apertoward the bottom of the engine within approximately
ipheral crankcase fastening.
one hex flat of the tightening torque limit (60 inch
pounds).
8-36. Intake Pipes. See figure 8-3. Slide a flange (7)
8-38. FuelLines.
Assemble fuel lines from fuelpump
over each intake pipe (8). Assemble either hose (4)
to fuel injector and fuel injector to flow divider. Asand hose clamps (5) or "O" rings (9) over end of insemble fuel injector
nozzle lines. Consult Service
take pipe and install in sump or induction housing.
Bulletins nos. 335 and 342 for instructions
relative
Place a new gasket (6) over the intake port and seto clamping the nozzle lines.

8-6
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SECTION
TEST

9.
PROCEDURE

9-1. At the completion of assembly of the engine after
overhaul, it is recommended that theengine be mounted
upon a test stand for its initial or run-in operation.
The run-in serves a two-fold purpose; first, to seat
piston rings and burnish any new parts that may have
been installed and second, to give the operator control
over the first critical hours of operation, during which
time he can observe the functioning of the engine by
means of the test cell instruments.
Also, at this time
any malfunction can be corrected and oil leaks repaired.
9-2. The test stand should be installed in a test cell
that is clean and free of any articles that could be
moved by the test club air blast.
9-3. The following instruments
should be used, plus
any additional instruments
that may be deemed necessary by the operator. 0 ° to 600°F. temperature
gage,
counter tachometer,
fuel flow meter, fuel pressure
gage, manifold pressure gage, oil temperature
gage,
oil pressure gage and an oil flow measuring
device.

NOTE
Avco Lycoming recommends
that a test
cell be used for run-in of engines after
overhaul. Consult engine test equipment,
SSP1169, for more detail list of cell equipment and schematic
of oil supply system
and fuel. Inthe event atest cell is not available, it is permissible
to mount the engine
in the airframe for the run-in providing
the following requirements
are observed.
1. The proper
used.

test club,

not a flight propeller,

2. A cooling shroud equivalent to atest
shroud is installed.

is

cell cooling

3. The airframe gages may not be used. All necessary calibrated gages shall be installed independent of the airframe.

RICH

RSA-5ADI

MA-4-5

OP
OpEN

RETURN
FUEL
LNECONN.
NPT
.125-27

FUEL
INLET
.250-18
NPT

PRESSURE
CONN..125-27
NPT

Figure
Revised

October

1974

9-1. Fuel Metering

Systems
9-1

TABLE 9-1
ENGINE RUN-IN TEST LIMITS
Fuel Pressure
psi - at inlet
to carb. or
injector

Fuel - Minimum
Octane Rating
Aviation Grade

Lbs. /Hr.

2-5
2-5
2-5
2-5
2-5
2-5
18-28
18-28
18-28
18-28
18-28
18-28
2-5

80/87
100/130
80/87
80/87
80/87
91/96
80/87
91/96
91/96
100/130
100/130
91/96
91/96

0.9
0. 9
0.9
1.0
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.3

.50
.50
50
.56
67
67
67
67
67
67
67
67
72

75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85

2-5
13-18
2-5
14-45
18-28
-2-+2
18-28
14-45
14-45
2-5
13-15
14-45
14-45
14-45
23-27
2-5.5
2-5.5
2-5.5
18-28
18-28
18-28
18-28
18-28
37-39
37-39
37-39
37-39
24-28

91/96
91/96
80/87
100/130
91/96
91/96
100/130
100/130
100/130
91/96
91/96
100/130
91/96
100/130
100/130
91/96
80/87
91/96
100/130
91/96
91/96
100/130
100/130
100/130
100/130
100/130
100/130
100/130

1.4
1.4
1.4
1.5
1.4
1.4
1.4
1.5
1.5
1. 4
1.4
1.5
1.5
1.5
1.5
1.8
1.8
1.4
1.8
1.8
1. 4
1.8
1.8
1.8
1.8
1.8
1.8
3.0

.78
.78
.78
.83
.78
.78
.78
.83
.83
.78
.78
.83
.83
.83
.83
1.0
1.0
. 78
1.0
1. 0
. 78
1.0
1.0
1. 0
1. 0
1.0
1. 0
1.7

75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
70-80
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-85
75-75
75-85
75-85
75-85

O-235-C1, -C1B, -C2A
-C2B,-E
O-235-F, -G, -J
O-235-C2C,-H2C
O-290-D,-D2
0-320-A,-E
O-320-B,-D
IO-320-A, -E
IO-320-B,-D
LIO-320-B
IO-320-C
LIO-320-C
AIO-320-A, -B, -C
0-340-A
O-360-A, -C(except-AlC,
-C2B and -C2D
0-360-AIC,-C2B,-C2D
O-360-B,-D
IO-360-A,-C,-D
IO-360-B (except -B1A)
IO-360-B1A
IO-360-F
AIO-360
LIO-360-C
HO-360-A
HO-360-B
HIO-360-A,-C
HIO-360-B
HIO-360-D1A
TIO-360-A
O-540-A,-D
O-540-B
O-540-E, -G. -H
IO-540-A, -B, -E, -G, -Pp
IO-540-C, -J
IO-540-D, -N, -R
IO-540-K, -L, -M, -S
HIO-540-A
TIO, LTIO-540-A
TIO, LTIO-540-C,-E
LTIO-540-J-N,F
TIO, LTIO-540-H
IO-720-A, -B, -C-D
* - Desired

during oil consumption

Maximum Oil
Consumption
Qt. /Hr.

Oil Press.
Operating psi
Normal Idle

Oil Inlet
Temp.
°F.

Oil Outlet*
Temp.
°F.

Max. Cyl.
Head Temp.
Bayonet
Location °F.

Full Throttle
Engine Speed
RPM

25
25
25
25
25
25
25
25
25
25
25
25
25

165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230

190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210

500
500
500
500
500
500
500
500
500
500
500
500
500

2800
2800
2600
2600
2700
2700
2700
2700
2700
2700
2700
2700
2700

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230
165-230

190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210
190-210

500
500
500
500
500
500
500
500
500
500
500
475
500
475
475
500
500
500
475
500
500
475
475
475
500
475
500
475

2700
2700
2700
2700
2700
2700
2700
2700
2700
2700
2700
2900
2900
3200**
2575
2575
2575
2700
2575
2575
2700
2700
2575
2575
2575
2575
2575
2650

run.

** - Do not exceed 3150 RPM - for test stand at 24-25 inch Hg. manifold pressure.
pressure.

For oil consumption

run, operate at 3100 RPM at 24 inch Hg. manifold

m

C

C

m

I
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9-4. Test stand oil supply pressure
to engines which
can be run simulated wet sump shall be held to 1.5 2. 0 psi throughout the run. Test stand oil supply pressure to engines run simulated dry sump shall be held
to 0. 5 - 3. 0 psi at rated conditions. Personnel should
consult Service Bulletin No. 113 when desiring to use
dry sump test stand installation for wet sump engines.

9-13. PRESSURE CARBURETORS. New or reconditioned pressure carburetors
must undergo a minimum
of eight hours soaking before being placed in service.
This can be accomplished
before or after installation
on the engine and is accomplished in the following manner. With the throttle lever wide open and the mixture control lever in "full rich" position, inject fuel
into the fuel inlet connection until fuel flows from the
fuel outlet. Close the throttle and move the mixture
control to "idle cut-off".

9-5. Engines equipped with an integral full flow oil
filter, should be run-in with a slave filter and the regular filter installed at the end of the run.
9-6. Turbocharged
Engines. A slave filter should be
installed between the oil supply hose and the turbocharger oil inlet. This slave filter should have a filtering capability of 100 microns or less and have a
pressure
relief valve set to 15 - 18 psi differential.
This will assure that no metal particles are carried
to the turbocharger
lubrication system.
9-7. Any engine accessory drive, such as the propeller
governor drive, which transmits oil pressure through
oil passages in the engine and which is not pressurized
by normal operation on the test stand shall be checked
for leakage at normal oil pressure by means of a special
drive cover with oil transfer
holes as required.
The
oil passages involved shall be inspected for external
leaks at the completion of the run.
9-8. It is desirable to have some method of maintaining
the oil temperatures
within the specified limits during the run-in. See Table 9-1. Engine should be idled
until oil temperature
is approximately
140 ° F. before
starting the run-in schedule. See Table 9-2.
9-9. Operate during the run-in with (MIL-L-6082,
Grade 1100) lubricating oil or if engine is to be stored
withamixture
of 35%MIL-C-6529, type 1 and65% MILL- 6082.
9-10. Fuel shall conform to specifications.
See Table
9-1.
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9-14. Pre-Oiling 6 and 8 Cylinder Engines. After assembly of engine is complete, engines to be primed
with the same lubricating oil as used in the engine by
forcing 35 psi oil thru one main gallery until oil flows
from the opposite gallery with the front end of the gallery open.
9-15. Attach the instrument connections and connect
oil and fuel lines. Connect throttle and mixture control levers to the stand controls. Be sure the cables
are free and not binding and that the travel is sufficiently long enough to completely open and close the
throttle and to move the mixture control lever from
full rich to idle cut-off. Install the applicable cooling
shroud, test club and adapter. See Section 11. Be certain the test club will turn up rated RPM ± 50. See
Table 9-1.
9-16. It is desirable
to keep a log sheet and record
the instrument readings during each speed of the runin schedule. See Table 9-2.
9-17. Before starting be certain that the magneto switch
is in the "off" position. Turn the engine over a few
revolutions
to ascertain that no interference
exists
within the arc of the test club or within the engine itself. If it does not turn freely, do not try to force it
or attemptto startuntil the cause has been determined
and the fault corrected.
9-18. RUN-IN. Startthe
following procedure.

engine in accordance

with the

9-11. Engines equippedwith a fuel pump shall be tested
with a test stand fuel system terminating
in a float
chamber vented to the atmosphere.
The fuel level in
this chamber shall be below the entrance to the fuel
pump by at least one foot. The fuel pressure
to the
chamber shall be maintained at 2 to 5 psi.

a(1). Float type carburetor
or Simmonds Injector
Place mixture control in "full rich" position.

9-12. Engines not equipped with a fuel pump shall be
tested with either a remote or installed representative
fuel pump.

c. Set throttle at 1/10 open position.
d(1). Turn magneto switch to "left"
starter.

a(2). Pressure
Place mixture

-

Carburetor or Bendix Fuel Injector control in idle cut-off position.

b. Turn fuel valve to "on" position.
and engage

TABLE 9-2
RECOMMENDED RUN-IN SCHEDULE
RPM
1200
1500
1800
2000
2200
2400
Normal Rated*
Normal Rated*

LOAD
Prop.
Prop.
Prop.
Prop.
Prop.
Prop.
Prop.
Prop.

Load
Load
Load
Load
Load
Load
Load
Load

TIME (MINUTES)
10
10
10
10
10
10
15
60

RE MARKS

Check magneto drop-off.
Do not exceed 125 RPM on either
magneto or 35 RPM between
magnetos.
Oil Consumption

Run.

* - See Table 9-1.
Revised

May, 1972
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9-23. Non-adjustable
Oil Pressure Relief Valve - Although the valve is not adjustable, the oil pressure
can be controlled by the addition of STD-425 washers
under the cap as required (maximum of three) to increase pressure or the use of a spacer (P/N 73629 or
73630) to decrease pressure.
A later modification to
the relief valve eliminates
the need of the spacer and
uses STD-425 washers as required (maximum of nine).
Particles of metal or other foreign matter between the
ball and the seat can cause the oil pressure to drop or
fluctuate. Therefore, if a drop or excessive fluctuation
is noted it is advisable to disassemble,
inspect and
clean the valve.

Figure

9-2. Carburetor

d(2). Turn combination
"start".

9-24. Adjustable Oil ReliefValve - The adjustable oil
pressure relief valve enables the operator to maintain engine oil pressure within the specified limits (see
Table 9-1). The oil pressure can be adjusted by turning the adjusting screw in toincrease
pressure or out
to decrease
pressure.
The adjusting screw can be
turned with either a screw driver or a socket wrench.

- HA-6

magneto-starter

switch to

e(1). When engine fires,
move mixture control
smoothly to "Full Rich" on pressure carburetor
or
Bendix fuel injectors.
e(2). Leave float type carburetors
injectors in "full rich".

and Simmonds

f(1). Move magneto switch to "both".
f(2). Combination
to "both".

spring loaded switches will return
CAUTION

If oil pressure
is not indicated within ten
seconds, stop engine and determine cause.
9-19. Operate engine at approximately
1000 RPM untila minimum oilin temperature
of 140 ° F. is obtained.
Check magneto drop-off and general operation of the
engine. Check the engine for oil leaks. Any malfunction or oil leak should be remedied before continuing
the run.
9-20. Complete the run in accordance
ule listed in Table 9-2.

with the sched-

9-21. OIL CONSUMPTION RUN. An oil consumption
run should be made at the end of the run-in schedule.
Oil consumption can be determined
by the use of a
scale tankthroughwhichthe
oillines pass and the scale
reading taken at the beginning and end of the oil consumption run. Or it can be determined by draining and
weighing the oil supply before and after the oil consumption run. Oil temperature
should be held as closely
as possible to the limits shown in Table 9-1. Oil consumption should not exceed the maximum as listed in
Table 9-1.
9-22. OIL PRESSURE RELIEF VALVE. Subject engines may be equipped with either an adjustable or a
non-adjustable
relief valve. A brief description,
of
both types, follows.
9-4

9-25. IDLE SPEED AND MIXTURE ADJUSTMENT (Except Simmonds Fuel Injector). See figures 9-1 and
9-2. With engine thoroughlywarmedup,
check magneto
drop-off. If the drop-off is excessive, check for fouled
plugs. If drop-off is normal,
proceed with idle adjustment. Close the throttle, engine should idle at approximately 600 RPM (turbocharged
engines, approximately 1000 RPM). If the RPM increases appreciably
after a change in the idle mixture adjustment during
the succeeding steps, readjust the idle speed adjustment to restore the desired RPM.
9-26. Move the mixture control lever with a smooth,
steady pull into the idle- cut- off position and observe the
tachometer for any change during the leaning process.
Caution must be exercised to return the mixture control lever to "full rich" before the RPM can drop to a
point where the engine cuts out. An increase of more
than 50 RPM while "leaning out" indicates an excessively rich mixture. An immediate decrease in RPM
(if not preceded by a momentary increase) indicates
the mixture is too lean.
9-27. If it is indicated that the mixture is either too
lean or too rich, turn the idle mixture adjustment one
or two notches in the direction required for correction.
Check this setting by repeating the above procedure.
Each time the adjustment is changed, the engine should
be run up to 2000 RPMto clear the engine before proceeding with the idle speed check. The final adjustment of the idle speed should be made with throttle
closed.
9-28. IDLE SPEED AND MIXTURE ADJUSTMENT (Simmonds Injector). See figure 9-3. Three adjustments can be made for proper engine idling conditions.
All three are made on the throttle
body assembly.
1. Throttle Lever Stop Adjustment - This adjustment changes idle speed and mixture simultaneously. If engine idles too slowly turn adjustment screw
clockwise until satisfactory
idle is obtained.
2. Idle Air Bleed Adjustment. If a satisfactory
idle
is not obtained by the first adjustment proceed as
follows.
Revised January,
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Left Side View

Right Side View
Figure 9-3. Simmonds Type 530 Fuel Injector
a. Move the mixture

A

control

lever

toward

the

idle cut-off position with a smooth, steady pull
and note tachometer. An increase of more than
10 RPM indicates an excessively rich mixture
while an immediate decrease (if not preceded by
a momentary increase) indicates the mixture is
too lean. If mixture is too rich, turn idle air
bleed adjustment screw counter-clockwise,
if
the mixture is too lean turn the idle air bleed
adjustment screw clockwise. Make adjustments
until a check results in a pick-up of five (never
more than 10 RPM). Each time an adjustment is
made the engine should be run up to 2000 RPM
to clear the engine before the check is made. If
idle speed is affectedby thischange turn throttle
lever stop adjustment in the direction required
to obtain proper idle speed.
3. Mixture Control Lever Linkage. If proper idle
cannot be obtained by the first two steps proceed
as follows.

CAUTION
This is a sensitive adjustment, factory
pre-set and normally not requiring adjustment. If, however, adjustment is necessary
the nut should be moved only l/6 (one- sixth)
of a turn at a time.
a. First unloose” locknut. If mixture is too rich
as determined in step 2, turn adjustmentnut l/6
of a turn counter-clockwise.
Lock with locknut
and checkmixture.
Repeat l/6 turn adjustments
until a check results in a pick up of five (never
more than 10 RPM).
b. If idle mixture is too lean, unloose” locknut
and turn adjustmentnut clockwise l/6 of a turn.
Lock with locknut and check mixture. Repeat l/6
turn adjustments until proper idle mixture is
obtained.
c. If the preceding adjustments change the idle
speed, turn throttle lever stop adjustment in the
Revised January,

1971
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Throttle

Body

required direction
obtained.

until

proper idle

speed is

9-29. PRESERVATION AND STORAGE. In the event
the engine is to be stored at the completion of the runin the engine should be preserved in the following
manner.
9-30. Upon completion of the run-in, drain the oil.
Refill the engine with a 1 to 1 mixture of MIL-L-6529,
Type 1, and Bayol “D” or equivalent.
9-31. Remove top spark plugs, and with the crankcase
full of oil, slowly turn the propeller through two (2)
revolutions.
Let engine stand for ten (10) minutes after
which the propeller should be turned back and forth
through 90° for twelve (12) cycles. Drain the preservative oil.
9- 32. Spray the exhaust port and valve of each cylinder
with the piston approximately l/4 turn before top center
of the exhaust stroke using MIL-C-6529
oil, Type 1.
9-33. Spray each cylinder with an airless spray gun
(Spraying Systems Company “Gunjet” model 24A-8395
or equivalent) through the spark plug holes with MILC-6529 oil, Type 1. Spray approximately
two (2)
ounces of oil into each cylinder.
9-34. For all spraying the spray nozzle temperature
shall be maintained between 200°F. and 220°F.
NOTE
In the event a” airless spray gun is not
available, it is recommended that a moisture trap be installed in the air line of a
conventional spray gun and the oil shall be
200°F. to 220°F. at the nozzle.
9-35. Seal the breather openings with oil and moisture
resistant caps or dehydrator plug, P/N 40236 or
AN4062- 11.
9-36. All accessory drives for which oil seals are
provided shall be liberally
coated with MIL-C-6529
oil, Type 1, before applying the drive covers.
9-5
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9-37. Engines shall have spark plugs installed in the
bottom cylinder location and dehydrator plugs, P/N
40238 installed in the upper cylinder location. The ignition harness shall be attached to the spark plugs in
the bottom locations and have ignition cable protectors
(AN-4060) on the top locations.

TABLE 9-3
RECOMMENDED
RPM

REPRESERVATION

LOAD

SCHEDULE

TIME (MINUTES)

9-38. Exhaust ports and other openings should be closed
with suitable covers. The turbine outlet on turbocharged engines should be covered.

1200
1800
2400
Normal Rated

9-39. All exposed cadmium plated and machined surfaces should be liberally coated with soft-film, corrosion preventive compound, MIL-C-16173, Grade 2.

9-42. PRESERVATION AND STORAGE - Float Type
Carburetors. Carburetor shall be emptied of all residual gasoline and the throttle locked in the closed
position.

9-40. Although the above procedure should prevent
corrosion under favorable conditions it is recommended that the engine be periodically inspected for
evidence of corrosion. If corrosion should be present,
the affected part should be cleaned and the engine represerved. Also, engines preserved bythe above procedures are not adequately protected for extended
periods of storage. If at the end of 60 days it is found
that the engine must remain in storage it must be
represerved.
9-41. REPRESERVATION RUN - The represervation
run should be accomplished under the same conditions
as the run-in after overhaul except that only the following time schedule must be followed.

9-6

Prop. Load
Prop. Load
Prop. Load
See Table 9-1

5
5
5
15

9-43. Pressure Carburetors and Fuel Injectors Carburetors and fuel injectors shall be emptied of all
residual fuel and flushed with oil, MIL-O-6081, Grade
1010. Injectors will have approximately one (1) ounce
poured into inlet under gravity head. The injector will
be rockedto cover all interior surfaces. Injectors with
fluoro-silicone diaphragms and seals (no cure date) do
not require flushing. Carburetors shall have the oil
supplied to the inlet port at a pressure of from 5 to 8
psi. Mixture controls shall be at full rich during the
flushing operation. Under no circumstances shall the
regulator air chambers, air passages, or automatic
mixture control be flushedwith oil; these must be kept
dry at all times. Drain excess oil and install plugs or
caps. Lock the throttle in the closed position.

Revised January,

1971
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This section of the manual has been reserved for the
Special Service Publication No. SSP-1776 Part I, Table of
Limits and Tightening Torque Recommendations.
Upon receipt of the owner's registration card, attached
in the front of this manual, at Textron Lycoming,a copy of
the Special Service Publication SSP-1776Part I will be forwarded to the registered owner.
The SSP-1776PartI shouldthen be insertedin the manual
at this location.

RevisedNovember, 1990

Lycoming
SERVICE

TABLE
OF LIMITS
AND
TORQUE
VALUE
RECOMMENDATIONS

NOTICE
The basic Table of Limits, SSP2070 (including SSP2070-1, SSP2070-2, SSP2070-3 and SSP2070-3A) has been completely
revised and reissued herewith as SSP1776. It is now made up of the following four parts, each part contains five sections.

PART I
PART II
PART III
PART IV

SECTION I
SECTION II
SECTION III
SECTION IV
SECTION V

DIRECT DRIVE ENGINES (Including VO and IVO-360)
INTEGRAL ACCESSORYDRIVE ENGINES
GEARED ENGINES
VERTICAL ENGINES (Excluding VO and IVO-360)

500 SERIES
600 SERIES
700 SERIES
800 SERIES
900 SERIES

CRANKCASE,CRANKSHAFT & CAMSHAFT
CYLINDERS
GEAR TRAIN
BACKLASH(GEAR TRAIN)
TORQUE AND SPRINGS

This publication supersedes and replaces the previous publications SSP2070, SSP2070-1, SSP2070-2, SSP2070-3 and
SSP2070-3A; it is not to be used in conjunction with them. To make sure that SSP1776 will receive the attention of
maintenance personnel, a complete set of pages for the book is sent to all registered owners of Overhaul Manuals. These
recipients should remove all previous Table of Limits material from the Overhaul Manual and discard.
Additional copies of this revised Table of Limits, bound in a plastic cover, are available as indicated in the latest edition of
Service Letter No. L114.
Reference numbers in the Table of Limits vary from previous Table of Limits therefore, the current as well as the old
numbers are listed. The shaded columns contain the old reference numbers.

SSP1776
* - Indicates cut-off date for data retrieved prior to publication.

April 30, 1979*

INTRODUCTION
SERVICE TABLE OF LIMITS
This Table of Limits is provided to serve as a guide to all service and maintenance personnel engaged in the
repair and overhaul of Textron Lycoming Aircraft Engines. Much of the material herein contained is subject to revision; therefore, if any doubt exists regarding a specific limit or the incorporation of limits shown, an inquiry should
be addressed to the Textron Lycoming factory for clarification.
DEFINITIONS:
Ref. (1st column)

The numbers in the first column headed "Ref." are shown as a reference number
to locate the area described in the "Nomenclature" column. This number will be
found in a diagram at the end of each section indicating a typical section where
the limit is applicable.

Ref. (2nd column)

Indicates the old reference number. There are no diagrams in this manual for
these numbers. These numbers are only to be found in previous publications.

Chart (3rd column)

The letter or letter and number in this column are used as symbols to designate
engine models to which the specific limits is applicable. A list of the letter or
letter and number and the engine to which they refer is shown below.

Nomenclature (4th column)

This is a brief description of the parts or fits specified in the adjacent columns
and indicated in the diagram at end of each section.

Dimensions (5th & 6th columns)

The dimensions shown in column 5 are the minimum and maximum dimensions
for the part as manufactured. The dimensions shown in column 6 indicate the
limit that must not be exceeded. Unlessit can be restored to serviceable size, any
part that exceeds this dimension must not be rebuilt into an engine.

Clearance (7th & 8th columns)

Like the dimensions shown in the 5th and 6th columns, the clearance represents
the fit between the two mating surfaces as controlled during manufacture and as
a limit for permissible wear. Clearances may sometimes be found to disagree
with limits for mating parts; for example, maximum diameter of cylinder minus
minimum diameter of piston exceeds limit for piston and barrel clearance. In
such instances, the specified maximum clearance must not be exceeded.

In some instances, where a parts revision has caused a dimensional or tolerance change, the superseded dimenional data has
been deleted from the list; provided compliance with the change is not mandatory.
Letters of the alphabet and numbers are used as symbols throughout the Table of Limits to represent specific
interpretations and to designate engine models. Letters in parenthesis refer to dimensional characteristics; letters (or
combinations of letters and numbers) without parenthesis indicate engine models. They are listed below with their separate
definitions.
(A)

These fits are either shrink fits controlled by machining, fits that may readily be
adjusted, or fits where wear does not normally occur. In each case, the fit must
be held to manufacturing tolerance.

(B)

Side clearance on piston rings must be measured with face of ring flush with
piston.

(D)

The dimensions shown are measured at the bottom of the piston skirt at right
angles to the piston pin.

(E)

Permissible wear of the crankshaft (rod and main bearing journals) to be minus
0.0015 on the diameter.

(L)

Loose fit; wherein a definite clearance is mentioned between the mating
surfaces.

(T)

Tight fit; shrink or interference fit.

(WD)

Wide Deck Crankcase.

i

Introduction

The illustrations shown are typical of the referenced limit or fit described in the Table and in no instance are these
illustrations intended to represent a specific part or engine model unless specified. Also, the terms used to designate cylinder,
piston and ring materials such as "nitride, chrome, half-wedge" are more fully explained in the latest edition of Service
Instruction No. 1037.

PART I DIRECT DRIVE ENGINES (Including VO and IVO-360)
CHART
A
Al
B
B1
D
BD
G
G1
G2
J
Y
S
S1
S2
S3
S4

MODELS

CHART

0-235
0-235-F, -G, -K, -L
0-290
0-290-D2
0-435-A
0-320-H (76 Series)
O, IO, LIO, AEIO-320
O,IO-320 With Gov. at Front
(0-320-ElF, -E1J, -D1F & IO-320-D1B)
AIO-320
0-340
VO, IVO-360
O, IO, LIO, HIO, LHIO, TO, TIO, AEIO-360
TO-360
AIO-360
TIO-360
0-360-AWith Gov. at Front
(0-360-AlH, -A1LD)

S5
S6
S7
S8
S9
S10
T
T1
T2
T3

T4
AF
BE

IO, LIO-360-A, -C (Angle Valve)
IO, LIO-360-A, -C With Gov. at Front
(IO, LIO-360-C1E6& IO-360-A1D6)
HIO-360-D
HIO-360-B
HIO-360-C, -E
HIO-360-A
O, IO, LIO, AEIO, TIO, LTIO-540
0-540-G, -H & IO-540-N, -R
(Large Mains - Parallel Valve)
IO-540-A, -B, -E, -G, -P
(Angle Valve)
IO-540-K,-M, -S; TIO, LTIO-540-A,
-F, -J, -N, -R (Large Mains - Angle
Valve)
TIO-540-C, -E, -G, -H
IO-720
O, LO-360-E (76 Series)

NOTE: In "Chart" column, a number appearing after a letter shows exception to the basic model.
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PART 1 DIRECT DRIVE ENGINES
SECTION I CRANKCASE,CRANKSHAFT, CAMSHAFT
Ref.

Ref.

New

Old

500

Chart

501 A

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
erv.
&
Max.
Max.
Max.

All Main Bearings and
Crankshaft

.0025L
.0055L

.0060L
.0060L

Main Bearings and Crankshaft
(Thin Wall Bearing - .09
Wall Approx.)

.0015L
.0045L

.0060L

B-G-J-S-T-Y-AF

Main Bearings and Crankshaft
(Thick Wall Bearing .16 Wall Approx.)

.0011L
.0041L

.0050L

A

Diameter of Main Bearing
Journal on Crankshaft

2.3735

2.375

(E)

Diameter of Main Bearing
Journal on Crankshaft
(2-3/8 in. Main)

2.3745
2.376

(E)

Diameter of Main Bearing
Journal on Crankshaft
(2-5/8 in. Main)

2.6245

Diameter of Front Main
Bearing on Journal on Crankshaft (2-3/8 in. Main)

2.3750
2.3760

(E)

T1-TS-AF
T1-T3-AF
G**J-S-T-Y
T1-T3-AF

Diameter of Front Main
Bearing Journal on Crankshaft (2-5/8 in. Main)

2.6245
2.6255

(E)

A-B-B1-D-G*-BD-BE

Crankcase Bearing Bore Diameter (All) (Thin Wall Bearing) (2-3/8 in. Main)

2.566
2.567

2.5685

Crankcase Bearing Bore Diameter (All Except Front) (Thick
Wall Bearing) (2-3/8 in. Main)

2.6865
2.6875

2.6890

Crankcase Bearing Bore Diameter (Front Only) (Thin Wall
Bearing) (2-5/8 in. Main)

2.816
2.817

2.8185

Crankcase Bearing Bore Diameters (All Except Front)
(Thick Wall Bearing) (2-5/8
in. Main)

2.9365
2.9375

2.9390

Crankcase Bearing Bore Diameter (All) (Thin Wall Bearing) (2-5/8 in. Main)

2.816
2.817

2.8185

Crankcase Bearing Bore Diameter (Front Only) (Thin Wall
Bearing) (2-3/8 in. Main)

2.566
2.567

2.5685

.0008L
.0038L

.0050L

B-D-G-J-S-T-Y-BD-BE-AF

B-D-G-J-S-T-Y-BD-BE

T1-T3-AF

501 502 S8-S10
ALL
A-B-D-G-J-S-T-Y-BD

500 955

Nomenclature

G**-J-S-T-Y

T1 T3 AF

T1-T3-AF

T1-T3-AF
S1-T-AF

G**-J-S-T-Y

(E)

-E Narrow Deck.
**0-320-A,-E Wide Deck.

*0-320-A,

Connecting Rod Bearing and
Crankshaft
Diameter of Connecting Rod
Journal on Crankshaft (2-1/8
in.)
SSP1776
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2.1235
2.125

(E)
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PART 1 DIRECT DRIVE ENGINES
SECTION I CRANKCASE,CRANKSHAFT,CAMSHAFT
Ref.

Ref.

New

Old

501 502

Chart

S-T-AF

954 A-B-D-G-J-S-T-Y-BD-BE

S-T-AF

502 564

ALL

503 566 ALL
504 567
505

ALL

556

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Diameter of Connecting Rod
Journal on Crankshaft (2-1/4
in.)

2.2485
2.250

Connecting Rod Bearing
Bore Diameter (2-1/8 in.)
(MeasuredAt Axis 30° on
Each Side)

2.2870
2.2875

Connecting Rod Bearing
Bore Diameter (2-1/4 in.)
(MeasuredAt Axis 30° on
Each Side)
Connecting Rod - Side Clearance
Connecting Rod - Alignment
Connecting Rod - Twist

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

(E)

2.4205
2.4210
.004L
.O1-OL

.016L

.010 in 10 Inches
.012 in 10 Inches

Crankshaft Run-Out at Center
Main Bearing

::: 4 CYLINDER

6 CYLINDER

8 CYLINDER

506

568

507

938 ALL

SSP1776

Nomenclature

ALL

Mounted on No. 1 and 4 Journals
Max. Run-Out No. 2 Journal

.002

.002

Mounted on No. 1 and 4 Journals
Max. Run-Out No. 3 Journal

.005

.0075

Mounted on No. 2 and 4 Journals
Max. Run-Out No. 3 Journal

.003

.0045

Mounted on No. 2 and 5 Journals
Max. Run-Out No. 1 Journal

.002

.002

Mounted on No. 2 and 5 Journals
Max. Run-Out No. 3 Journal

.005

.0075

Mounted on No. 2 and 4 Journals
Max. Run-Out No. 3 Journal

.003

.0045

Mounted on No. 3 and 5 Journals
Max. Run-Out No. 4 Journal

.003

.0045

Mounted on No. 2 and 6 Journals
Max. Run-Out No. 1 Journal

.002

.002

Mounted on No. 2 and 4 Journals
Max. Run-Out No. 3 Journal

.003

.0045

Mounted on No. 3 and 5 Journals
Max. Run-Out No. 4 Journal

.003

.0045

Mounted on No. 4 and 6 Journals
Max. Run-Out No. 5 Journal

.003

.0045

Mounted on No. 2 and 6 Journals
Max. Run-Out No. 3,4 and 5
Journals

.005

.0075

Crankshaft and Crankcase Front
End Clearance

.009L
.016L

.026L

Clearance - Front Face of
Crankshaft Oil Slinger to
Front Face of Recess in
Crankcase (Crankshaft Against
Thrust Face)
1-2
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PART 1 DIRECT DRIVE ENGINES
SECTION I CRANKCASE,CRANKSHAFT,CAMSHAFT
Ref.

Ref.

New

Old

508 607
509 941

Chart

ALL
ALL

Nomenclature

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Crankshaft Prop. Flange
Run-Out

.002

Starter Ring Gear and Support

.014T
.022T

(A)

.005

510 504 A-B-D-G-J-S-T-Y-AF
504 A-B-D-J-S-T-Y-AF-BD-BE

Crankshaft Timing Gear and
Crankshaft

.0005T
.010L

(A)

511 536

A-B-D-G-J-S-T-Y-AF

Tappet Body and Crankcase

.0010L
.0033L

.004L

BD-BE

Tappet Body and Crankcase

.0010L
.0030L

.004L

A-B

O.D. of Tappet

Tappet Plunger Assembly
and Body - Chilled

.0010L
.0047L

.0067L

Tappet Plunger Assembly
and Body - Hyperbolic

.OO1OL
.0010L
.0067L

.0087L

Tappet Socket and Body

.002L
.005L

.007L

Tappet Socket and Body
(Hyperbolic)

.002L
.007L

.009L

Camshaft and Crankcase

.002L
.004L

.006L

.002L
.009L

.015L

B1-D-G-J-S-T-Y-AF

.6232
.6240

.6229

.7169
.7177

.7166

.8740
.8745

.8737

I.D. Tappet Bore in
Crankcase

.6250
.6263

.6266

I.D. Tappet Bore in
Crankcase

.7187
.7200

.7203

I.D. Tappet Bore in
Crankcase

.8755
.8773

.8776

O.D. of Tappet
O.D. of Tappet

A-B
B1-D-G-J-S-T-Y-AF
BD-BE
512 559 B1-D-G-J-S-T-Y
S7-S1-AF

513 560 B1-D-G-J-S-T-Y
S7-S1-AF
514

537 ALL

515 538

ALL

516 539 ALL

Camshaft -End Clearance
Camshaft Run-Out at Center
Bearing Journal

.000

Counterweight Bushing and
Crankshaft

.0013T
.0026T

(A)

Counterweights

Counterweight Roller - End
Clearance

.007L
.025L

.038L

519 580
580

All Models Using
Counterweights

Counterweight and Crankshaft
- Side Clearance*

.003L

520 696

All Models Using
Counterweights

Counterweight Bore and Washer
O.D.

.0002L
.0030L

517 578 All Models Using
578

518 579

521

Counterweights

All Models Using

775 All Models Using
I.D. of Counterweight
775 Counterweights
Bushing
* Measure below roller
next to
to flat.
flat.
rollernext

SSP1776
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.001

.006

.017L

.7485
.7505

.7512
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PART 1 DIRECT DRIVE ENGINES
SECTION I CRANKCASE,CRANKSHAFT,CAMSHAFT
Ref.

Ref.

New

Old

522

774 ALL
(AS APPLICABLE)

523
524

Chart

D
509 D

Nomenclature

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

O.D. of Counterweight Roller
(See latest edition of Service
Instruction No. 1012)
Thrust Bearing and Propeller
Shaft

.0000
.0012L

Thrust Bearing and Thrust Bearing
Cap Clamp Fit (Shim to this Fit)

.003T
.005T

.002L
(A)

525 555 D

Thrust Bearing Tilt

526 505

D

Crankshaft Run-Out - Rear Cone
Location

.003

527 506

D

Crankshaft Run-Out - Front Cone
Location

.007

528

508 D

Thrust Bearing and Thrust Bearing
Cage

.027 Tilt

.0016L
.0034L

.0045L

510

Longitudinal Section Thru Engine
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION I CRANKCASE,CRANKSHAFT, CAMSHAFT

Crankcase, Crankshaft, Camshaft and Related Parts
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION II CYLINDERS
Ref.

Ref.

New

Old

600

510 ALL

601 510
6

602

Chart

Connecting Rod and Connecting
Rod Bushing

ALL

Finished I.D. of Connecting
Rod Bushing

A-B-D-G-J-BD
J-B

Length Between Connecting
RodBearing Centers

6.4985
6.501

S-T-Y-AF-BE

Length Between Connecting
RodBearing Centers

6.7485
6.7515

Connecting Rod Bushing and
Piston Pin
Piston Pin and Piston

ALL

Diameter of Piston Pin Hole1249
in Piston

1.1254

ALL

Diameter of Piston Pin

1.1241
1.1246

A-G-J-S-T-AF-BDBE
605 513:: B-D-G-J-S-T-Y-AF
G-J-S-T-Y-AF

*Diameter of Piston Pin Plug

G-J-S-T-Y-AF-BDBE
606 515

B

A-B-D-G-J-S-T-Y-AFBD-BE
J
606 516

SSP1776

ALL

.002L
1.1242

Piston Pin and Piston Pin
Plug (Optional)

.005L

*Diameter of Piston Pin Plug

Diameter of Piston Pin Plug
(Thin Wall Pin)
*See latest edition of Service Instruction No. 1267.

B-D

.0025L
5L

0003L
.0018L
M0014
.00118L

Piston and Piston Pin Plug

B-D
.

A-B

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

.0008L
.0021L

ALL

604 513 A-G-J-S-T-AF-BDBE

606 514

Dimennsions
Mfr.
Min.
Serv.
&
Max.
Max.

Bushing To Be
Burnished in Place
1.1254
1.1262

511 ALL

603 512

Nomenclature

.8405

Piston Ring and Piston - Side
Clearance (Top Ring Comp.)
(Plain) Full Wedge

.000
.004L

.006L(B)

Piston Ring and Piston - Side
Clearance (Top Ring Comp.)
(Chrome) Full Wedge

.0025L
.0065L

.008L(B)

Piston Ring and Piston - Side
Clearance (Top Ring Comp.)
Half Wedge

.0025L

Piston Ring and Piston - Side
Clearance (2nd Ring Comp.)
(Chrome) Full Wedge

.0025L

.008L(B)

.0065L

.008L(B)

Piston Ring and Piston - Side
Clearance (2nd Ring Comp.)
Full or Half Wedge

.000
.004L

.006L(B)

Piston Ring and Piston - Side
Clearance (3rd Ring Comp.)
Half Wedge

.000
.004L

.006L(B)

Piston Ring and Piston - Side
Clearance (Oil Regulating)

.004L

.006L(B)
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PART 1 DIRECT DRIVE ENGINES
SECTION II CYLINDERS
Ref.

Ref.

New

Old

606

Chart

Nomenclature

517
A

607 615

Dimensionsns
Mfr.
Min.
Serv.
Max.
Max.
Max.

Piston Ring and Piston - Side
Clearance (Bottom)

Clearance
Mfr.
Min.
&
Max.

.003L
.0055L

Serv.
Max.

.007L(B)

ALL

Piston Ring Gap (Compression)
.020
Plain and Chrome Cylinders
.030
.047
(Straight Barrels)
ALL
Piston Ring Gap (Compression)
.045
Nitrided and Chrome Cylinders
.055
.067
(Choke Barrels)
ALL
Piston Ring Gap (Oil Regulating)
.015
.047
(All Barrels)
.030
A-T2
Piston Ring Gap (Oil Scraper)
.015
(All Barrels)
.047
For Choke Barrels - Ring gap is measured within 4 inches from bottom.
om. Ring gap at top of travel must not be
less than .0075.
For all Other Barrels -Ring gap is measured at top limit of ring travel.
Engineand PistonApplication
Min.PistonDiam
meter

CylinderBarrel
Max.

EngineChart
CodeLetter
608
608
609
610

Typeof
Typeof Piston Surface
Cast-Round
P
Forged-Round P
N
Cast-Cam
Cast-Cam
P-C
P
Cast-Cam
P-C-N
Cast-Cam
P-C
Forged-Cam

Clearance
Maximum PistonSkirt
Diameter & Cyl.
4.3795
.021L
.021L
4.3795
.018L
4.3805
4.8805
.018L
4.8805
.018L
5.1305
.018L
.018L
5.1305

61147, 73851

4.3470

61333
LW-11621*,
LW-13623*
69841*,69958,70396
69958
73196,74059,75413
69337
71594*,72967*,74530*,
75089*
LW-15357*

4.3470
4.3290
4.8290
4.8290
5.0790
5.0790

Bottom
4.35 55
4.3555
4.3605
4.8620
4.8620
5.1090
5.1090

5.0790
5.0790

5.1090
5.1090

Cast-Cam
Cast-Cam

P-C-N
N

5.1305
5.1305

.018L
.018L

S,T,AF

73264*,75617*, 76966,

T

78203*,LW-10207*,
LW-13358*,
LW-14610*,
LW-11487*,
LW-10545 5.0790
LW-13396*
5.0790

5.1090
5.1090

Forged-Cam
Cast-Cam

N-C
N

5.1305
5.1305

.018L
.018L

A

522A
520
521B
D
G,S,T
G
J,S,Y,T

PistonNumber

Top

OTES:
To find the averagediameterof cylinderin an area4" above
bottom of barrel: First, measurediameter at right angles

Maximumtaperand out-of-round
permittedfor cylinderin
service
is.0045inch.

diameterthroughthe plane in whichvalvesare located.Add
both diameters;this sum,dividedby 2, representsthe average
diameterof the cylinder.

SeeServiceInstructionNo. 1243for identificationof cast
andforgedpistons.Thesuffix "S" that will befoundwith
LW-10545,
the part numberon 76966,78203,LW-10207,
LW-11487,LW-13358,LW-14610pistonsindicatesthe
for anygroupof
pistonweightis within thelimitsspecified
pistonsand maybe substitutedfor any like pistonon a
within
particularengine.Other pistonsare manufactured
weightlimits that do not requireany weightcontrolled
pistonfor replacement.

from plane in which valvesare located. Second,measure

*=HighCompression.
CylinderBarrel:P=plainsteel,N=nitridehardened,C=chrome
plated.

To find the average out-of-round,measure diameter of
cylinderin an area 4" abovebottomof barrel:First,measure
diameter at right angles from plane in which valvesare
located. Second, measure diameter through the plane in
whichvalvesare located.Differencebetweendiametersmust
notexceed
.0045inch.

SSP1776
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at top is measured
at top ringland(between
Pistondiameter
at rightangleto
ring grooves)
top andsecondcompression
pistonpin hole;diameterat bottomof pistonismeasured
at
to thepiston
the bottomof the pistonskirt at right angles
InstructionNo.1243for illustration.
pin.SeeService
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PART 1 DIRECT DRIVE ENGINES
SECTION II CYLINDERS
Ref.

Ref.

New

Old

611

523

Chart

Nomenclature

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

A

Exhaust Valve Seat and Cylinder
Head

.0065T
.010T

(A)

B-D-G-J-S-T-Y-BD-BE

Exhaust Valve Seat and Cylinder
Head

.0045T
.008T

(A)

S1-S2-S3-S5-S6-S7S9-S10-T2-T3-AF

Exhaust Valve Seat and Cylinder
Head

.0075T

A

O.D. Exhaust Seat

2.0025
2.004

B-D-G-J-S-T-Y-BDBE

O.D. Exhaust Seat

1.7395
1.741

O.D. Exhaust Seat

1.9355
1.937

S1-S2-S3-S5-S6-S7S9-S10-T2-T3-AF
A

I.D. Exhaust Seat Hole in
Cylinder Head

1.994
1.996

B-D-G-J-S-T-Y-BD-BE

I.D. Exhaust Seat Hole in
Cylinder Head

1.733
1.735

611 523 S1-S2-S3-S5-S6-S7S9-S10-T2-T3-AF

Exhaust Seat Hole in
Cylinder Head

1.928

612 524

A

A

B-D-G-J-S-T-Y-AF-BD
:::::::::::::::
BE

613 526
613

(A)

Intake ValveSeat and Cylinder
Head

.0070T
.0105T

(A)

Intake Valve Seat and Cylinder
Head

.0065T
.010T

(A)

1.926

A

O.D. Intake Seat

2.0965
2.0975

A-B-D

O.D. Intake Seat

1.9265

B1-C-J-S-T-Y-BDBE

O.D. Intake Seat

2.0815

S1-S2-S3-S5-S6-S7S9-S10-T2-T3-AF

O.D. Intake Seat

2.2885
2.290

A

I.D. Intake Seat Hole in
Cylinder Head

2.087
2.089

A-B-D

I.D. Intake Seat Hole in
Cylinder Head

1.918
1.920

B1-G-J-S-T-Y-BDBE

I.D. Intake Seat Hole in
Cylinder Head

2.073
2.075

S1-S2-S3-S5-S6-S7S9-S10-T2-T3-AF

I.D. Intake Seat Hole in
Cylinder Head

2.280
2.282

ALL

Exhaust Valve Guide and
Cylinder Head

527A-B-D-G-J

SSP1776

.O1lT

O.D. Exhaust Valve Guide

1-8

1.928
2.083

.OO1T

.0025T
.5933
.5938

(A)

SERVICE

TABLE

OF

LIMITS

PART 1 DIRECT DRIVE ENGINES
SECTION II CYLINDERS
Ref.

Ref.

New

Old

613 527

Chart

Nomenclature

Dimen sions
Mfr.
Min.
Serv.
&
Max.
Max.

Y

O.D. Exhaust Valve Guide

.6267
.6272

G-J-S-T-AF-BD-BE

O.D. Exhaust Valve Guide

.6633
.6638

S1

O.D. Exhaust Valve Guide

.6953
.6958

A-B-D-J

I.D. Exhaust Valve Guide
Hole in Cylinder Head

.5913
.5923

I.D. Exhaust Valve Guide
Hole in Cylinder Head

.6247
.6257

I.D. Exhaust ValveGuide
Hole in Cylinder Head

.6613
.6623

I.D. Exhaust ValveGuide
Hole in Cylinder Head

.6933
.6943

613 527 Y
G-J-S-T-AF-BD

614 527 ALL
ALL

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Intake ValveGuide and
Cylinder Head
O.D. Intake Valve Guide

.0010T
.0025T

.5933
.5938

ALL
615 528

-B-D

A1-G-J-S-T-BD-BE
Y
S1-S2-S3-S5-S6-T2T3-AF

S7-S9-SA

I.D. Intake ValveGuide
Hole in Cylinder Head

.5913
.5923

Exhaust ValveStem and Valve
Guide

.0020L
.0038L

(A)

Exhaust Valve Stem and Valve
Guide (Parallel Valve Heads)

.0040L
.0060L

(A)

Exhaust Valve Stem and Valve
Guide

.0035L
.0053L

(A)

Exhaust Valve Stem and Valve
Guide (Angle Valve Heads)

.0037L
.0050L

(A)

Exhaust Valve Stem and Valve
Guide (AngleValve Heads Helicopter)

.0035L
.0055L

(A)

A-B-D

O.D. Exhaust Valve Stem

.4012
.4020

Al

O.D. Exhaust Valve Stem

.4320
.4333

G-J-Y

O.D. Exhaust Valve Stem

.4332
.4340

G-J-S-T-BD-BE

O.D. Exhaust Valve Stem
(Parallel Valve Heads)

.4935
.4945

O.D. Exhaust Valve Stem
(Angle ValveHeads)

.4955
.4965
.4937
Serviceallowable limits
of .4937 or .4915 is
applicable only to inconel
or nimonic valves.

S1-S2-S3-S5-S6-S7S9-S10-T2-T3-AF

.4915

I
SSP1776
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TABLE

OF

LIMITS

PART 1 DIRECT DRIVE ENGINES
SECTION II CYLINDERS
Ref.

Ref.

New

Old

615 527

Chart

Nomenclature

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

A-B-D

Finished I.D. Exhaust Valve
Guide

.4040
.4050

A-G-J

Finished I.D. Exhaust Valve
Guide

.4370
.4380

Finished I.D. Exhaust Valve
Guide

.4375
.4385

Finished I.D. Exhaust Valve
Guide (Parallel Valve Heads)

.4985
.4995

Finished I.D. Exhaust Valve
Guide (Angle Valve Heads)

.4995
.5005

Finished I.D. Exhaust Valve
Guide (Angle Valve Heads Helicopter)

.5000
.5010

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

1/2 inch diamet er exhaust valves may have exhaust valve guides that are .003 in. over the maximum inside
diameter limit, anytime up to 300 hours of service.After 300 hours of service, inside diameter of exhaust valve
guide may incre ase .001 m. during each 100 hours of operation up to the recommended overhaul time for the
engine, or not to
o exceed .015 inch over the basic I.D. See latest edition of Service Instruction No. 1009 for
recommended o verhaultime.
616

529
.....

ALL
ALL

Intake Valve Stem and Valve
Guide
O.D. Intake ValveStem

616

527

ALL

Finished I.D. Intake Valve
Guide

617

961

ALL

Intake and Exhaust Valveand
Valve Cap Clearance (Rotator
Type Small Dia. Head)

618

952 A-B
G-D-J-S-T-Y-AF-

BD-BE
619

530 A

S1-S2-S3-S5-S6S7-S9-S1 0-T2-T3
AF

619
619

539 A
611 B-D-G-J-S-T-Y

SSP1776

.4022
.4030

.0010L
.0028L

.006L

.000
.004L

.005L

.4010

.4040
.4050

Solid Tappet Clearance
(After Engine in Run)

.006
.012

Dry Tappet Clearance

.028
.080

Valve Rocker Shaft and
Cylinder Head (No Bushing)

.OOO1L
.00131

.0025L

Valve Rocker Shaft and Valve
Rocker Bushing (Parallel
Valve Heads)

.0001L
.0013L

.0025L

Valve Rocker Shaft and Valve
Rocker Bushing (Angle Valve
Heads)

.0001L
.0013L

.0025L

Finished I.D. of Valve Rocker
Shaft Bores in Cylinder Head
(No Bushings)
Finished I.D. of Valve Rocker
Shaft (Bushing) in Cylinder
Head (ParallelValve Heads)

1-10

.6246
.6261

.6270
.6270
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TABLE

PART 1 DIRECT

OF
DRIVE

LIMITS
ENGINES

SECTION II CYLINDERS
Ref.

Ref.

New

Old

Chart

Nomenclature

Dimensions ions

Mfr.
Min.
&

Serv.
Max.

Max.

619 611

620 531

S1-S2-S3-S5-S6S7-S9-S10-T2T3-AF

Finished I.D. of Valve Rocker
Shaft (Bushing)in Cylinder
Head (Angle Valve Heads)

ALL

Valve Rocker Shaft and Valve
Rocker Bushing

ALL
ALL

.6252
.6263

.6270

O.D. Valve Rocker Shaft

.6241
.6245

.6231

ALL

Valve Rocker Bushing and
Valve Rocker

622 612

ALL

Valve Rocker Shaft Bushing
and Cylinder Head

623 533

A-B-D-G-J-Y-S-T

S1-S2-S3-S5-S6S7-S9-S10-T2T3-AF
624

535 A-B-J

625 971 A

Valve Rocker Shaft Bushing
Hole in Cylinder Head

.0007L
.0017L

.004L

.0022T
.0038T

(A)

Bushing Must Be
Burnished In Place

.7380
.7388

Valve Rocker and Cylinder
Head -Side Clearance
(Parallel Valve Heads)

.005L
.013L

.016L

Valve Rocker and Cylinder
Head -Side Clearance
(Angle Valve Heads)

.002L
.020L

.024L

.0005T
.0025T

(A)

Push Rod and Ball End
Intake and Exhaust Valve
Guide Height

.705
.725

ALL

Intake Valve Guide Height
(Parallel Valve Heads)

.705
.725

ALL EXCEPT
0-235

Exhaust Valve Guide Height
(Parallel Valve Heads)

.765
.785

ALL

Intake and Exhaust Valve
Guide Height (Angle Valve
Heads)

.914
.954

MEASUREVALVEGUIDE HEIGHT
FROM THE VALVE SPRING SEAT
COUNTERBOREIN THE CYLINDER
HEAD TO THE TOP OF VALVE
GUIDE.

SSP1776

.6270

Finished I.D. of Rocker Arm
Bushing

621 532

612ALL

.6246
.6261

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.
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SECTION II CYLINDERS

Cylinder, Piston and Valve Components
SSP1776
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SECTION II CYLINDERS

0-235 TYPE

PARALLELVALVE HEAD

619-

ANGLE VALVE HEAD

Cylinder, Piston and Valve Components
SSP1776
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SERVICE

TABLE

OF

LIMITS

PART 1 DIRECT DRIVE ENGINES
SECTIONIII GEAR TRAIN SECTION - OIL PUMP
Ref.

Ref.

New

Old

700

554:: ALL

Chart

701 601

A-B-D-G-J-S-T-AF
Y
BD-BE

(DUAL MAGNETO)

BD-BE
703 :::542::A-B-D-G-J-S-T-YAF
542BD-BE
704 543

ALL (Except BD-BE)
BD-BE

AS APPLICABLE
AS APPLICABLE
AS APPLICABLE
BD-BE
705 544

706 558

707 602

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Oil Pump Drive Shaft and Oil
Pump Body or Cover

.0010L
.0025L

.004L

Oil Pump Drive Shaft and
and Accessory Housing

.0015L
.0030L

.006L

Oil Pump Drive Shaft and
Accessory Case

.0015L
.0030L

.006L

Oil Pump Drive Shaft and
Crankcase

.0010L
.0025L

.004L

Oil Pump Drive Shaft -End
Clearance

.015L
.050L

.065L

Oil Pump Drive Shaft -End
Clearance

.017L
.037L

.047L

Oil Pump Impellers - Diameter
Clearance

.002L
.006L

.008L

Oil Pump Impellers - Diameter
Clearance

.0035L
.0075L

.009L

Oil Pump Impeller - Side
Clearance

.002L
.0045L

.005L

Oil Pump Impeller - Side
Clearance

.003L
.005L

.006L

Width of Oil Pump Impellers
Width of Oil Pump Impellers
Width of Oil Pump Impellers
Width of Oil Pump Impellers

.622
.624

.621

.747
.749

.746

.995
.997

.994

.622
.623

.620

S-T-AF
(DUAL MAGNETO)

Oil Pump Impeller and Idler
Shaft

.0010L
.0025L

.004L

A-B-D-G-J-S-T-YAF

Oil Pump Impeller and Idler
Shaft

.001T
.003T

(A)

ED-BE

Oil Pump Impeller and Idler
Shaft

.002T

A-B-D-G-J-S-T-YAF

Oil Pump Idler Shaft and Oil
Pump Body

.0005L
.0020L

.003L

BD-BE

Oil Pump Idler Shaft and Oil
Pump Body

.0010L
.0025L

.003L

S-T-AF
(DUAL MAGNETO)

Oil Pump Idler Shaft and Oil
Pump Body

.0000
.0015T

(A)

A-B-D-G-J-S-T-Y-

Oil Pump Idler Shaft and
Accessory Housing

.0010L
.0025L

.0035L

Oil Pump Idler Shaft and
Crankcase

.0010L
.0025L

.0035L

602AF

BD-BE

SSP1776

Nomenclature
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.004T

(A)

SERVI

CE

TABLE

OF

LIMITS

PAR RT1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN SECTION - SCAVENGEPUMP
Ref.

Ref.

New

Old

708

545 G2-S2

Chart

Nomenclature

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Scavenge Pump Drive Shaft and
Adapter

.0010L
.0025L

.004L

Scavenge Pump - End Clearance

.000
.045L

.060L

Scavenge Pump Impellers Diameter Clearance

.007L
.O11L

.014L

Scavenge Pump Impellers Side Clearance

.003L
.005L

.006L

ScavengePump Impellers and
Idler Shaft

.0010L
.0025L

.004L

ScavengePump Body and Idler
Shaft

.0000
.0015T

(A)

S3-T4-AF
(WIDE DECK)

Turbocharger Scavenge Pump
Drive and Adapter

.0010L
.0025L

.004L

715 986 S3-T4-AF
(WIDE DECK)

Turbocharger Scavenge Pump
Shaft and Adapter

.0010L
.0020L

.0035L

716

Gerotor Pump - Rotor - Side
Clearance

.0015L
.003L

.004L

717 950 S3-T4-AF
(WIDE DECK)

Gerotor Pump Housing and
Adapter

.0005L
.0020L

(A)

718 985

S3-T4-AF
(WIDE DECK)

Turbocharger Scavenge Pump End Clearance

.0055L
.0365L

.0415L

T4 (DUALMAGNETO)

Turbocharger Scavenge Pump End Clearance

.0105L
.0395L

.0445L

AC Fuel Pump Plunger and
Accessory Housing

.0015L
.003L

.005L

Crankshaft Idler Gear and
Crankshaft Idler Gear Shaft

.001L
.003L

.005L

721 983 S-T-AF
(DUAL MAGNETO)

Crankshaft Idler Gear Shaft
and Accessory Housing

.0020L
.0035L

.0065L

S-T-AF
(DUAL MAGNETO)

Crankshaft Idler Gear Shaft
and Crankcase

.0020L
.0035L

.0065L

S-T-AF

AN Fuel Pump Idler Gear and
Shaft

.OO1L
.003L

.005L

AN Fuel Pump Idler Gear Shaft
and Accessory Housing and
Crankcase

.0020L
.0035L

.0065L

AN Fuel Pump Idler Shaft and
Crankcase

.0020L
.0035L

.0065L

709 546 G2-S2
710 542
711 543

G2-S2
G2-S2
G2-S2
G2-S2

712

Width of Impellers

G2-S2

713 544
714 772

G2-S2

949 S3-T4-AF
(WIDE DECK)

1.496
1.498

1.495

SECTION III GEAR TRAIN SECTION - FUEL PUMP
719 629
720

A-B-D-G-J-S-T

619 J-S-T-AF

722 767
723 984

S-T-AF
(DUAL MAGNETO)
S-T-AF
(DUAL MAGNETO)

SSP1776
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LIMITS

PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN SECTION - FUEL PUMP (CONT.)
Ref.

Ref.

New

Old

724 620

Chart

A-B

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Crankshaft Idler Gear- End
Clearance

.003L
.043L

.058L

Crankshaft Idler Gear - End
Clearance

.005L
.040L

.055L

Crankshaft Idler Gear - End
Clearance

.007L
.037L

.052L

S
(DUAL MAGNETO)

Crankshaft Idler Gear - End
Clearance

.020L
.030L

.040L

T
(DUAL MAGNETO)

Crankshaft Idler Gear - End
Clearance

.015L
.038L

.046L

S

AN Fuel Pump Idler Gear - End
Clearance

.010L
.O1OL
.045L

.055L

AN Fuel Pump Idler Gear - End
Clearance

.002L
.018L

.024L

AN Fuel Pump Idler Gear - End
Clearance

.015L
.038L

.045L

AN Fuel Pump Drive Shaft Gear
and Adapter

.0010L
.0025L

.004L

AN Fuel Pump Drive Shaft Gear End Clearance

.035L
.069L

.079L

AN Fuel Pump Drive Shaft Gear End Clearance

.044L
.081L

.091L

AN Fuel Pump Drive Shaft Gear End Clearance

.035L
.073L

.083L

AN Fuel Pump Drive Shaft Gear End Clearance

.000L
.067L

.075L

G-J-S-Y
T-AF

725 768

Nomenclature

T-AF
S-T-AF
: (DUAL MAGNETO)
726 769 S-T-AF-Y
727 770 S
T-AF
T-AF
:: (DUAL MAGNETO)

SECTION III GEAR TRAIN SECTION - GOVERNOR & HYDRAULICPUMP
728 668 mT-AF
(NARROWDECK)

Front Governor Drive Idler Shaft
(Both Ends) and Crankcase

.0010L
.0025L

.004L

729

Front Governor Idler Gear and
Shaft

.0010L
.0025L

.004L

Front Governor Drive Gear
and Crankcase

.0010L
.0025L

.004L

Front Governor Drive Gear and
and Camshaft

.0005L
.0025L

.004L

Front Governor Gear and
Crankcase

.0010L
.0025L

.004L

Front Governor Gear and
Crankcase

.0010L
.0030L

.004L

Front Governor Gear - End
Clearance

.008L
.016L

.021L

Clearance

.0045L
.0165L

.021L

668 G1-G2-S2-S4-S6T-AF (WIDE DECK)

730

BD-BE
D-BE

731 670

G1-G2-S-T-AF
BD

732 674

SSP1776

G1-G2-S-T-AF
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PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN SECTION - GOVERNOR & HYDRAULICPUMP (CONT.)
Ref.

Ref.

New

Old

733

Chart

675 G-J-S

734 674

735 772

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Rear Governor Gear and
Adapter

.0010L
.0025L

.005L

G-S
(DUAL MAGNETO)

Rear Governor Gear and Accessory
Housing

.0010L
.OO1OL
.0025L

.005L

G-J-S

Rear Governor Gear - End
Clearance

.002L
.024L

.034L

G-S
(DUAL MAGNETO)

Rear Governor Gear - End
Clearance

.002L
.037L

.044L

T-AF

Hydraulic Pump Gear and
Adapter

.0010L
.0025L

.004L

T-AF
(DUAL MAGNETO)
773 T-AF

736

Nomenclature

Hydraulic Pump Gear and
Accessory Housing

.0025L

.004L

Hydraulic Pump Gear - End
Clearance

.010L
.066L

.076L

Hydraulic Pump Gear -End
Clearance

.007L
.032L

.039L

Vacuum Pump Gear and
Adapter

.0010L
.0030L

.0045L

Vacuum Pump Gear and
Accessory Housing

.0010L
.0025L

.004L

Vacuum Pump Gear and
Accessory Housing

.0010L
.0025L

.006L

Vacuum Pump Gear - End
Clearance

.010L
.057L

.075L

Vacuum Pump Gear - End
Clearance

.003L
.020L

.030L

Vacuum Pump Gear -End
Clearance

.000
.067L

.075L

S
(DUAL MAGNETO)

Vacuum Pump Gear - End
Clearance

.012L
.044L

.055L

T-AF
(DUAL MAGNETO)

Vacuum Pump Gear -End
Clearance

.017L
.039L

.050L

A-B-Y

Tachometer Drive Shaft and
Adapter

.0015L
.0035L

.006L

Tachometer Drive Shaft and
Adapter

.0010L
.0050L

.0065L

Tachometer Drive Shaft and
Accessory Housing

.0015L
.0035L

.006L

G-J-S
(DUAL DRIVE)

Vacuum Pump Gear and
Adapter

.0010L
.0025L

.004L

G-J-S
(DUAL DRIVE)

Vacuum Pump Gear - End
Clearance

.000
.017L

.027L

T-AF
(DUAL MAGNETO)

SECTION III GEAR TRAIN SECTION - VACUUM& TACHOMETER
737 622 A-B-G-J-S-T-YAF
989 S-T-AF

737

(DUAL MAGNETO)

737 589
738

D

590 A-B-G-J-S-T-AF

D
Y

739 625

BD-BE
739
740
741

540 D-G-J-S-T-AF
789
789

SSP1776
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LIMITS

PART I DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN SECTION - VACUUM& TACHOMETER(CONT.)
Ref.

Ref.

New

Old

742
743

744

Chart

G-J-S
(DUAL DRIVE)

Idler Gear and Shaft

G-J-S
(DUAL DRIVE)

Idler Gear - End Clearance

764 G-J-S
(DUAL DRIVE)
G-J-S
(DUAL DRIVE)

745

Nomenclature

794 G-J-S
(DUAL DRIVE)

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

.0010L
.0030L

.005L

.021L
.041L

.060L

Propeller Governor Gear and
Adapter

.0013L
.0028L

.005L

Hydraulic Pump Gear and
Adapter

.0013L
.0028L

.005L

Propeller Governor or Hydraulic
Pump - End Clearance

.000
.054L

.074L

.0005T
.OOO1L
.0001L

.0005L

.0008T
.0001L

.0005L

.0002T
.0007L

(A)
(A)

SECTION III GEAR TRAIN SECTION- MAGNETO,GENERATOR, STARTER
746

677

747

677

T
D
T

748

Magneto Bearing and Gear
Magneto Bearing and Crankcase

D

Magneto Drive Bearing and
Adapter

.0006T
.0008T

S7

Magneto Bearing and Gear

.0001T
.0010T
.0010T
.000
.0012L

.0015L

S7

749

Magneto Bearing and Gear

Magneto Bearing and Adapter

(A)

750 987 S-T-AF
(DUAL MAGNETO)

Magneto Drive Gear and
Crankcase

.0010L
.0025L

.003L

751

Magneto Drive Gear - End
Clearance

.005L
.073L

.083L

Magneto Drive Gear and
Shaft

.001L
.003L

.005L

Magneto DriveGear and
Crankcase

.001L
.003L

.005L

Magneto Shaft Gear and
Magneto Case

.001L
.003L

.005L

Magneto Shaft Gear and
Support Assembly

.001L
.003L

.005L

Magneto Shaft Gear and
Accessory Drive Shaft Gear End Play

.0075
.0125

.015

Accessory Drive Shaft Gear
and Support Assembly

.001L
.003L

.005L

Magneto Gear and Bushing
(S4LN-21 and S4LN-1227)

.0005L
.0020L

.0035L

Magneto Gear and Bushing
(S6LN-21 and S6LN-1227)

.0015L
.0035L

.0055L

988 S-T-AF
(DUAL MAGNETO)

752
753

754 784

AF
BD-BE
Y
Y

756

Y

757 787Y Y
758

S
T

SSP1776
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SERVICE
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LIMITS

PART I DIRECT DRIVE ENGINES.
SECTION III GEAR TRAIN SECTION -MAGNETO, GENERATOR, STARTER (CONT.)
Ref.

Ref.

New

Old

758
7095
759 627

Magneto Gear and Bushing

BD,IBE
D

632D

762 633

763 634
764 637

Nomenclature

T-AF
(DUA
ALMAGNETO)

D

760

761

Chart

D

D
D

Dimensions
Mfr.
Min.
Serv
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

.0015L
.0035L

.0055L

Bushing - Magneto Drive
and Crankcase

.0025T
.0045T

(A)

Generator Gear Bushing and
Generator Gear

.0020T
.0035T

(A)

Generator Gear Bushing and
Generator Drive Coupling Adapter

.01L
.0028L

.005L

Bendix Drive Gear Bushing and
Crankcase

.0005T
.0025T

(A)

Bendix Drive Gear and Bendix
Drive Gear Bushing

.0010L
.0025L

.005L

Bendix Drive Shaft and Bendix
Drive Housing

.003L
.005L

.010L

Bendix Drive Shaft - End
Clearance

.000
.0059L

.080L

6 CYL-DUAL MAG

4 CYL-DUAL MAG

0-320-H,O,LO-360-E
STANDARD TYPE

Oil Pumps
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PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN

TURBOSCAVENGE
PUMP& HYD PUMP(TIO-540-C)
TURBO SCAVENGE
PUMP& GOV.(TIO-360)

DUAL MAG: TURBO SCAVENGEPUMP & HYD.PUMP

-711

SCAVENGE
PUMPAIO 320 & AIO-360
ScavengePumps
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN

AC FUELPUMP
(4 CYL)

AN FUELPUMP(DUALMAG)

FUELPUMP(6CYL)

AN FUELPUMP(6&8 CYL)

AN FUEL PUMP(4CYL)
Fuel Pumps

SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTIONIII GEAR TRAIN

4 & 8 (WIDEDECK)
0-320-H 0,LO-360-E

6 CYL.(WIDEDECK)(2200 LB.)

NARROWDECK(6 & 8 CYL.

Front Governor
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN

HYDRAULICPUMP-DUALMAG

732

REAR PROP GOV (4 CYL.)
(STANDARD)

REAR PROP GOV (4 CYL.)
(DUAL MAG.)

RearGovernorandHydraulicPumps
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN

TACHOMETERDRIVE
VACUUMPUMP& TACHOMETER

VACUUMPUMP

DUAL DRIVE(VACUUMPUMP& PROPGOV.)
OR (VACUUMPUMP& HYD.PUMP)

Tachometer Drives, Vacuum and Hydraulic Pumps
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN

0-435A

HIO-360-D TYPE

8 CYLINDER
0-320-H, 0, LO-360-E

4 CYL.(S4LN-21 a S4LN-1227)

4 CYL. DUAL MAG.

DUAL MAG.(6 8 8 CYL.)

AccessoryDrives: Magnetos,Generatorsand Starters
SSP1776
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SECTION III GEAR TRAIN

VO, IVO-360

Accessory Drives: Magnetos
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION III GEAR TRAIN

700

759

GENERATOR
DRIVE
0-435-A

Generator and Bendix Drive
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION IV BACKLASH
Ref.

Ref.

New

Old

Chart

800 623 A-B-G-J-S-T-Y-AF

Nomenclature

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Camshaft and Vacuum Pump Backlash

.004
.015

.020

Camshaft and Vacuum and Oil
Pump Drive - Backlash

.006
.014

.020

Camshaft and Fuel Pump Backlash

.004
.015

.020

Camshaft and Crankshaft Idler Backlash

.004
.015

.020

Crankshaft and Crankshaft
Idler - Backlash

.004
.015

.020

Magneto Drive and Crankshaft
Idler - Backlash

.004
.015

.020

Magneto Drive and Crankshaft
Gear - Backlash

.006
.014

.020

Crankshaft Gear and Vacuum
and Oil Pump Drive - Backlash

.006
.014

.020

Oil Pump Impellers Backlash

.008
.015

.020

Oil Pump Impellers Backlash

.008
.012

.020

Oil Pump Drive and Crankshaft Idler - Backlash

.004
.015

.020

Magneto and Magneto Shaft
Gear - Backlash

.004
.015

.020

Accessory Drive Shaft Gear
and Magneto Driven Shaft
Gear - Backlash

.003
.005

.012

Crankshaft Gear and Accessory
Drive Shaft Gear - Spline
Backlash

.002
.005

.015

Camshaft and Propeller Governor
or Hydraulic Pump - Backlash

.004
.015

.020

Governor or Hydraulic Pump
Drive and Drive Gear -Spline
Backlash

.0013
.0073

.010

Governor or Hydraulic Pump
and Idler - Backlash

.004
.015

.020

816 790 G-J-S
(DUAL DRIVE)

Vacuum Pump and Idler Backlash

.004
.015

.020

817 765

AN Fuel Pump Idler and
Crankshaft Idler - Backlash

.004
.015

.020

AN Fuel Pump Idler and Fuel
Pump Drive - Backlash

.004
.015

.020

801 1002 BD-BE
802 623
803 616
804 617
805 618

Y
A-B-G-J-S-T-Y-AF
A-B-G-J-S-T-Y-AF
A-B-G-J-S-T-AF

806 1004 BD-BE
807 1003 BD-BE
808

553 A-B-D-G-J-S-TY-AF
BD-BE

809

975 S-T-AF
(DUAL MAGNETO)

810 783

Y

811 785 Y

812 788

813

Y

G-J-S
(DUAL DRIVE)

814 793 G-J-S
(DUAL DRIVE)
815

792 G-J-S
(DUAL DRIVE)

818 766

SSP1776

S-T-AF
S-T-AF
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PART 1 DIRECT DRIVE ENGINES
SECTIONIV BACKLASH
Ref.

Ref.

New

Old

819 973

Chart

S-T-AF
(DUAL MAGNETO)

820

974 T-AF

821 676

G-J-S

Nomenclature

.004

Pump Idler - Backlash

.015

.020

Hydraulic Pump and Crankshaft
Idler- Backlash

.004
.015

.020

.004
.015

.020

Propeller Governor Drive and
(Rear Governor)

G1-G2-S2-S4-S6-

Propeller Governor Idler and

T-AF

Camshaft - Backlash (Front

Governor)
823 669

.020

.004
.008

.015

Gears) (Front Governor)

.003
.011

.015

Crankshaft Timing Gear and
Camshaft Gear - Backlash

.004
.015

.020

Camshaft Gear and Generator

.004

G1-G2-S2-S4-S6-

Propeller Governor Drive and

T-AF

Idler - Backlash (Bevel

BD-BE

Propeller Governor Drive and
Camshaft - Backlash (Bevel

825 550 D
826 551 D

.004
.015

Gears) (Front Governor)
824 669

Clearances
Mfr.
Min.
Serv.
&
Max.
Max.

Crankshaft Gear and AN Fuel

Crankshaft Idler - Backlash

822

Dimensions
Mfr.
Min.
Serv.
&
Max.
Max.

Gear - Backlash

827 552
828

562

829 621

830 635
831 636

D
D
D

D
D

832 766 S
SSP1776

Crankshaft Gear and Generator

.020

Gear - Backlash

.004
.015

.020

Magneto Coupling Spline Backlash

.001
.005

.0075

Vacuum Pump Gear and Vacuum
Pump Drive Gear - Backlash

.004
.015

.020

Starter Drive and Bendix Drive
Gear- Backlash

.004
.015

.020

Bendix Drive Shaft Spline and
Bendix Drive Gear Spline Backlash

.001
.006

.015

.004
.015

.020

Injector Pump Idler Gear and
Injector Pump Drive Shaft
Gear - Backlash
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PART 1 DIRECT DRIVE ENGINES
SECTION IV BACKLASH
CAMSHAFT
TACHOMETER
CRANKSHAFTIDLER,

GOVERNOR

ECCENTRIC

-TACHOMETERMAGNETO
VACUUMAC FUEL PUMP
CRANKSHAFT
PROP GOV
-CAMSHAFT AT REAR

CAMSHAFTAT

0-360

DUAL MAG.

FRONT GOVERNOR

CRANKSHAFT IDLER
CRANKSHAFT
FUEL PUMP IDLER

813

PROP GOVERNOR(
HYDRAULICPUMP

FUEL PUMP DRIVE

CAMSHAFT
AN FUEL PUMP OPTION
DUAL DRIVE OPTION

0-235, 0-320, 0-340 & 0-360
ALL VIEWS SHOWNFROM REAR OF ENGINE
Backlash (Accessory Drives)
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION IV BACKLASH

CAMSHAFT
FUEL PUMP

VACUUM PUMP
802
800
CRANKSHAFT IDLER

803

804

DRIVESHAFT

OIL PUMPIMPELLERS
MAGNETO DRIVEN

VO, IVO-360
CAMSHAFT
AT FRONT

CAMSHAFT

PROP GOVERNOR
TACHOMETER

CAMSHAFT

VACUUM& OIL PUMP
CRANKSHAFT

OIL PUMP

0-320-H,

0, LO-360-E

ALL VIEWS SHOWNFROM REAR OF ENGINE

Backlash (Accessory Drives)
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION IV BACKLASH
PROP GOVERNORCAMSHAFT (FRONT)
CAMSHAFT (REAR)

823-

TACHOMETER
IDLE

VACUUM

PUMP

CRANKSHAFTIDLER
ECCENTRIC---

IDLER

AN FUEL

HYDRAULICPUMP
FUEL PUMP IDLER

0-540 & 10-720 DUAL MAG.

TACHOMETER
CAMSHAFT (REAR)

CRANKSHAFT

IDLER

AN FUEL PUMP IDLERAC FUEL PUMP
AN FUEL PUMP DRIVE

HYDRAULICPUMP

OIL PUMP IMPELLERS-

0-540 & 10-720
ALL VIEWS FROM REAR OF ENGINE
Backlash
(Accessory
Drives)
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION IV BACKLASH

STARTER DRIVE
0-435-A

ACCESSORYHOUSING
0-435-A

SECTIONTHRU REAR
OF ENGINE

Backlash (Accessory Drives)
SSP1776

1-33

SERVICE

TABLE

OF

LIMITS

PART 1 DIRECT DRIVE ENGINES
SECTION V SPECIAL TORQUE REQUIREMENTS

New

Chart

Old

900 829 A-B-D-G-Y-S-T-BD-BE

Nomenclature

Torque Limits

3/8-24

Connecting Rod Nuts

480 in. lbs.

J

3/8-24

Connecting Rod Nuts

360 in. lbs.

S1-S3-S5-S6-S7-S9T3-AF

3/8-24

Connecting Rod Bolts Tighten to Length

BD-BE

9/16-18

Oil Pump Shaft Nut

660 in. lbs.

877 BD-BE

5/16-24

Rocker Stud Nut

150 in. lbs.

3/8-24

Magneto Nut (To attach drive

901 878
902

Thread
Size

903 840 ALL (AS APPLICABLE)
(EXCEPT S7)

member to magneto) - Bendix Sintered Bushing - Gray

2.255 - 2.256

120 - 150 in. lbs.

Magneto Nut (To attach drive
member to magneto) - Bendix -

Steel Bushing

170 - 300 in. Ibs.

Magneto Nut (To attach drive
S7

904 839

ALL

1/2-20
10-32

member to magneto) - Slick

120 - 300 in. lbs.

Magneto Nut (To attach drive
member to magneto)

170 - 300 in. lbs.

Magneto Plate Screws (To
attach ignition cable outlet
plate to magneto)

15 in. lbs.

ALL

1/4-20

Rocker Box Screws

50 in. lbs.

906 852

ALL

5/16-18

Exhaust Port Studs

40 in. lbs.min.

907 830

ALL

18MM

Spark Plugs

1/8-27 NPT

Fuel Pump Vent Fitting (Approximately two turns beyond finger
tight)

905

853

420 in. lbs.

96 in. lbs.

909 862 ALL

5/8-32

Alternator Pulley Nut

910 864

ALL

1/4-28

Alternator Output Terminal Nut

85 in. lbs.

911 865

ALL

10-32

Alternator Auxiliary Terminal Nut

30 in. lbs.

912

ALL

5/16-24

Starter Terminal Nut

24 in.lbs.

1/16-27 NPT

Piston Cooling Nozzle in Crankcase

913
914

915

857 ALL (AS APPLICABLE)
:.

Y-S-T-AF

869 ALL (AS APPLICABLE)
ALL (AS APPLICABLE)
874 ALL (AS APPLICABLE)

450 in. lbs.

100 in. lbs.

1/8-27 NPT

Injector Nozzle in Cylinder
Head

60 in. lbs.

3/4-16

Oil Filter Bolt (AC Can and
Element Type)

300 in. lbs.

13/16-16

Oil Filter (Throw Away Type)

240 in. lbs.

3/4-16

Converter Stud

720 in. lbs.

916

ALL (AS APPLICABLE)

3/4-18 NPT

Carburetor Drain Plug

144 in. lbs.

917

ALL (AS APPLICABLE)

1.00-14

Oil Cooler Bypass Valve

300 in. lbs.

918

ALL(AS APPLICABLE)

1 1/4-12

Oil Pressure Relief Valve

300 in. lbs.

SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION V SPECIAL TORQUE REQUIREMENTS(CONT.)
Ref.

Ref.

New

Old

919 871

Thread
Thread

ALL

920 875

ALL

921

S-T

1/4 Hex Head
and Below

Hose Clamps (Worm Type)

5/16 Hex Head
and Above

Hose Clamps (Worm Type)
Cylinder Head Drain Back
Hose Clamps

20 in. lbs.
45 in. lbs.
10 in. lbs.

Exhaust V-Band Coupling Torque Data

Coupling Size
Tube OD
1.75 in.
2.00 in.
2.25 in.
2.25 in.
3.69 in.
3.69 in.
922

Torque Limits

Nomenclature

Size

Chart

Avco Lycoming
Part No.
LW-12093-4
LW-12093-5
LW-12093-6
LW-12125-3
LW-13464
LW-14985

Split
T-Bolt Split
cknut
Type Locknut
Torque I n. Lbs.

Vendor
Part No.
MVT69183-175
MVT69183-200
MVT69183-225
MVT69197-225
U4204-55-369M
ANH1000902-10

65
85
85
85
70
70

1/4 In. Drilled Hex Nut
With Safety Wire
Torque In. Lbs.
75
75
75

Turbocharger V-Band Torque Data

ALL

V-Clamp Part No.

. Turbocharger Model No.

V-Clamp Diameter

40-80
40-50
40-60
40-60
15-20

6.00
6.00in.
in.
6.85in.
6.85
in.
7.75
7.75in.
in.
7.7
7.75in.
6.50
6.50in.

400500-600
400500-685
400500-775
400500-775
TC-6-15

TO-473*
TEO659*
THO8A60*
THO8A69*
301E10-2**

Torque In. Lbs.

* - AiResearch turbocharger.
** - Rajay turbocharger.
See latest edition of ServiceInstruction No. 1238 for assembly procedure.
Chart

927 863

928

ALL DUAL MAGNETO
MODELS

ALL

Thread
Size

Nomenclature

Torque Limits

1/2-20

Crankshaft Gear Bolt

1/4

Crankshaft Gear Bolts

3/8-16

Cylinder Hold Down Studsi
(Crankcase DrivingTorque

100 in. lbs.

7/16-14

Cylinder Hold Down Studs
(Crankcase DrivingTorque

200 in. lbs.

1/2-13

Cylinder Hold Down Studs
(Crankcase DrivingTorque

250 in. lbs.

660 in. lbs.
96 - 120 in. lbs.

300 in. lbs.
Al

7/16

Cylinder Hold Down Nuts

B-D-BD-BE-J-G-YS-T-AF

1/2

Cylinder Hold Down Nuts

420 in. lbs.
600 in. lbs.

dures - See latest edition of Service
Cylinder Hold Down and Crankcase Parting Flange Nuts' Tightening Procedures
Instruction No. 1029.
SSP1776
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PART 1 DIRECT DRIVE ENGINES
SECTION V SPECIAL TORQUE REQUIREMENTS (CONT.)
Ref.

Ref.

New

Old

930 849

Chart

Thread
Size

Nomenclature

3/8

ALL

9/16
932 858

ALL

5/16-18
3/8-16

ALL

Torque

Limits

Allen Head Screw (Diaphragm
Fuel Pump)

225 - 250 in. lbs.

Locking Nut (Valve Adjusting
Screw)

450 in. lbs.

Exhaust Transitions - Studs
(Driving Torque)

100 in. lbs.

Exhaust Transitions - Studs
(Driving Torque)

200 in. lbs.

SECTION V SPRINGS

950 800

951

COMP. LOAD
Mfr.
Max.

Serv.
Max.

Outer Valve Springs
(Parallel)

76994
LW-11800
)0 .177

1.30 in.

112 lb.

122 lb.

109 lb. min.

A-B-D-G-J-S-T-YBD-BE

Outer Valve Springs
(Parallel)

65427

.162

1.30 in.

82 lb.

89 lb.

79 lb. min.

S-S2-S3-S5-S6S7-S9-S10-T2-T3

Outer Valve Springs
(Angle)

68326

.177

1.46 in.

103 lb.

Il1 lb.

100 lb. min.

S1-S2-S3-S5-S6S7-S9-S10-T2-T3

Outer Valve Springs
(Angle)

LW-11796
96 .182

1.43 in.

116 lb.

124 lb.

113 lb. min.

A-B-D-G-J-S-T-YBD-BE

Auxilliary Valve
Spring (Parallel)

65567
LW-11795
)5 .135

1.17 in.

61 lb.

67 lb.

58 lb. min.

S1-S2-S3-S5-S6-S7- Auxilliary Valve

68328
LW-11797
97 .142

1.33 in.

75 lb.

83 lb.

72 lb. min.

.054
.063
.054
.054
.059

1.30 in.
1.47 in.
1.30 in.
1.30 in.
1.44 in.

8.5 lb.
17.8 lb.
7.1 lb.
6.4 lb.
10.79 lb.

9.5 lb.
19.4 lb.
7.8 lb.
7.1 lb.
11.92 lb.

8.3 lb. min.
18.0 lb. min
6.9 lb. min
6.2 lb. min.
10.5 lb. min.

.0465

1.94 in.

6.50 lb.

7.25 lb.

6.41 lb. min.

Oil Filter Bypass
Spring

.047

1.00 in.

3.05 lb.

3.55 lb.

3.0 lb. min.

Magneto Coupling
Spring

.091

.603 in.

20 lb.

22 lb.

19 lb. min.

(AS APPLICABLE)
Avco Lycoming

Part Numbers
61084
65703
68668
77467
LW-11713

955

Mfr.
Min.

A-B-D-G-J-S-T-Y::::::: D-BE

952 802 ALL

954

Length
At Comp.
Length

Nomenclature

S9-S10-T2-T3-AF Spring (Angle)

953 811

Wire
Dia.

Chart

801

803

Avco L yc.
Part Noo.

Oil Pressure Relief
Valve Spring
Identification
Dye
Free Length
None
None
Purple
Yellow
White

2.18
2.16
2.04
1.90
2.12

A-B-G-J-S-T-Y-AF Oil Cooler Bypass
Spring
BD-BE

806 D
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STANDARD TORQUE
UNLESS OTHERWISE LISTED

Torque limits for propeller attaching bolts to be supplied by propeller or airframe manufacturer.

TABLE I

TABLE II

BOLTS, SCREWS AND NUTS

PIPE PLUGS

Torcue
In. Lb. Ft. Lb.

Thread
10
1/4
5/16
3/8
7/16

49
96
204
360
600

Torque
In. Lb. Ft. Lb.

Thread
1/2
9/16
5/8
3/4

17
30
50

900
1320
1800
3240

75
110
150
270

THIN NUTS (1/2 DIA OF BOLT) - 1/2 LISTED TORQUE

Torque
In. Lbs.

Thread
1/16-27 NPT
1/8-27 NPT
1/4-18 NPT
3/8-18 NPT
1/2-14 NPT
3/4-14 NPT
1-11 1/2 NPT

40
40
85
110
160
230
315

TABLE IV
TABLE III

FLEXIBLE HOSE
OR TUBE FITTINGS

CRUSH TYPE ASBESTOS GASKETS

Thd. Pitch On Part
To Be Tightened
ThreadsPer Inch
8
10
12
14
16
18
20
24
28

ANGLE OF TURN
Aluminum
Copper
Asbestos
Asbestos
135
135
180
180
270
270
270
360
360

67
67
90
90
135
135
135
180
180

Thread

Torque
In. Lbs.

(-3) 3/16
(-4) 1/4
(-5) 5/16
(-6) 3/8
(-8) 1/2
(-10) 5/8

3/8-24
7/16-20
1/2-20
9/16-18
3/4-16
7/8-14

30
30
35
35
60
70

TABLE V

NOTE
Install all crush type gaskets except the self centering
type, with the unbroken surface against the flange of
the plug or part being tightened against the seal. Turn
the part until the sealing surfaces are in contact and
then tighten to the angle of turn listed for the
appropriate thread size.

NOTE: Lubricate Threads UnlessOtherwise Specified.
SSP1776
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STUDS
MIN. DRIVING TORQUE

Threads

Torque
In. Lb s.

1/4-20
5/16-18
3/8-16

15
25
50
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SECTIONV SPECIAL TORQUE REQUIREMENTS

918

ADJUSTABLE OIL RELIEF VALVE

Engine Accessoriesand Hardware
SSP1776
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SECTION V SPECIAL TORQUE REQUIREMENTS

Engine Accessories and Hardware
SSP1776
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915

904

912

915

I

EngineAccessoriesand Hardware
SSP1776
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SECTION V SPECIAL TORQUE REQUIREMENTS

Engine Springsand Hardware
SSP1776
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