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1. SCOPE:
1.1 Scope:

This specification covers standard requirements for reciprocating aircraft engines.
1.2 Classification:

The type and model designation will be assigned by the Government in accordance with ANA
Bulletin No. 395 and shall be specified in the model specification.

2. APPLICABLE DPCUMENTS:

2.1 The applicablg publications listed in the following bulletin, of the issue of thelbulletin in effect on date
of invitation for proposals, form a part of this specification:

PUBLICATIONS
Air Force-Ngvy Aeronautical Bulletin

No. 343 Specifications and Standards Applicable to Aircraft Engines ahd Propellers,
Use of

(Copies of specifications, standards, drawings, and’publications required by contractors in
cohnection with specific procurement functions,should be obtained from the procuring activity or as

directed by thg contracting officer.)
3. REQUIREMENTS:
3.1 Model specifichation:

A reciprocating engine model'specification conforming to Specification MIL-E-25110 shall be
submitted by the engine-thanufacturer for approval.

3.2 Mockup:

Unless otherwise specified in the model specification, a Tull Scale mockup shall be prepared for
examination as soon as the contractor has established the installation features of the engine. After
the engine mockup has been approved, the engine installation drawing shall be forwarded to the
using service for approval. Any changes required by the using service shall be subject to negotiation
as provided in the contract.

3.2.1 Installation changes: Changes to the engine features requiring changes in the airplane or
propeller installation made after approval of the mockup shall be submitted to the using service for
approval. The mockup shall be kept current with approved changes, at least through the first
production contract, unless otherwise authorized.
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3.3 Performance characteristics:

The engine performance characteristics shall be specified in the model specification. These
performance characteristics shall be determined using fuel in conformance with Specification
MIL-F-5572; alcohol in conformance with Specification MIL-A-8091 or O-M-232, if water-alcohol
injection is required; and oil in conformance with Specification MIL-L-6082 of a grade as specified in
the model specification.

3.31

3.3.2

3.33

3.34

3.35

3.351

3.35.2

Ratings: The performance ratings shall be specified in the model specification.

Estimates: The estimated performance shall be specified in the model specification.

Specific oil cpnsumption: The specific oil consumption shall not exceed the amgd

the model s

Altitude opetiating limits: The engine altitude operating limits shall be defined in

specification

Ambient temperature conditions: The complete engine shall petform satisfactor

following cor

High and lpw temperature: The engine shall suffer no detrimental effects and

successfull

(a) A soak

110°F and inlet air at 130°F.

(b) A soak

air at -65°F.

Airspeed 3
ranges shg

model spegification.

ecification.

ditions.

y after being subjected to:

hg period of 8 hours at an ambienttemperature of 160°F when sup

ng period of 72 hours at aniambient temperature of -65°F when sup

nd altitude: The engine shall operate satisfactorily within the ambie
wn on figure 1 throughout the airspeed and altitude operating limits

unt specified in

the model

ly under the

shall start

plied with fuel at

plied with fuel and

ht air temperature
specified in the

3.3.6 Engine starting: The:ehgine shall consistently start when its temperature is stahjlized at an

ambient tem)
period not to

erature of -65°F when cranked through the starter dog at a speed

bf 40 £5 rpm for a

exgeed 60 seconds. Starting shall be accomplished with lubricating oil so diluted with

fuel that the viscosity of the oil1s 35,000 Saybolt Seconds at the starting temperature. The fuel and
oil used shall be as specified in 3.3 entitled “Performance characteristics.” Priming of the engine
shall be by injection by a means approved by the Government. A special starting fuel or system
acceptable to the Government may be used for priming. If a special priming system is necessary
for starting the engine at temperatures below -20°F, the type of the special priming system and its
performance requirements shall be specified in the model specification. The engine shall be
provisioned to accept the special priming system, as required, with minimum effort. Special
starting fuel shall not be required for starting at temperatures above -20°F. Consistent starting shall
be defined as a complete start following not more than two starting attempts of 60 seconds each.
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3.3.7 Idling speed: The closed throttle idling speed, with an approved flight propeller, on a ground
propeller load through takeoff power and speed and with the mixture strength for best power, shall
not exceed 24 percent of normal rated speed with open stacks, or 18 percent with an exhaust
collector. ldling speeds below 600 rpm with open stacks, or 450 rpm with exhaust collector, are not
required. In the case of engines for helicopters or other applications where the engine is subject to
operation while disconnected from the rotor or propeller system, the closed throttle idle speed shall
not exceed 40 percent of takeoff speed with the minimum inertia (flywheel effect) specified in the
model specification.

3.3.8 Acceleration: The complete engine shall consistently accelerate from 50 percent normal rated
speed to takeoff speed in the time specified in the model specification, when the engine is operated
on a test stahd with a flight-type propeller set for takeoff propeller load. The acckleration shall be
such that thg complete engine will accelerate satisfactorily regardless of the frequency of opening
and closing the throttle, provided the frequency does not exceed that required under the most
adverse tact|cal conditions.

3.3.9 Operating data: Operating data shall be as specified in the model ‘specification.
3.4 Materials and processes:

Materials and processes used in the manufacture of military reciprocating aircraft gngines shall be of
high quality, syitable for the purpose, and shall conforni'to applicable specificationg listed in ANA

Bulletin No. 343. When contractor’s specifications are used for materials and proce¢sses which affect
performance of durability of the finished product, stich specifications will be subject to release by the
Government. [The use of hongovernmental specifications shall not constitute waiver of Government
inspection.

3.4.1 Critical matefials: The use of critical\materials shall be held to a minimum. The |use of the
following materials shall be particularly minimized: Chromium, cobalt, columbium, molybdenum,
natural rubber, nickel, and tungsten. The actual weight of each of these materia’[s, based on the
finished parts plus manufacturing scrap losses, required in the construction of the engine shall be
made known to the usingsservice on request or at such times as mutually agreed upon by the
contractor amd using sefvice.

3.5 Standards:

3.5.1 Standard parts; AN, JAN, or MS standard parts shall be used, unless they are determined by the
contractor to be unsuitable for the purpose, and shall be identified by their standard part numbers.

3.5.2 Design standards: MS and AND Design Standards shall be used wherever applicable.
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3.6 Drawings and data:

The contractor shall furnish the following preliminary drawings and data to the using service with the
submission of the model specification:

(a) Engine assembly, complete - showing accessory drive oil seals.

(b) Engine installation - including clearances for maintenance, checking, adjustment, and removal of
accessoties.

3.7 Engine design and construction changes:

3.71

3.7.2

3.72

3.72

3.7.2.3 Approval of-cha

3.7.3

3.74

.1 Class | chz

Material subgtitutions: Temporary material substitutions shall be made in accorg
Bulletin No. [182.

Changes in ¢glesign: No changes shall be made in the design or materials of par
approved engine parts list, except when such changes are approveéd in accorda

provisions of

(a) Contragt cost or delivery.

(b) Model gpecification requirements.

(M
be

(2) When dimensions of parts, subassemblies, or complete engines are aff

ext
intd

.2 Class |l ch

() InterchEngeabiIity of all parts contained in engines and components, as de

ANA Bulletin No. 391.

nges: Class | changes are of a nature affecting:

n performance or durability is affected to such an extent that supe
femoved from service for reasons of safety or unsatisfactory perforn

ent that the superseded and superseding items are not directly and
rchangeable-with respect to installation or performance.

anges: All other changes shall be classified as class |l changes.

ance with ANA

Is listed in an
nce with the

fined hereunder:;

seded parts must
nance.

ected to such an
completely

for the results of such changes on any engine characteristics.

Ll responsibility

changes in vendors: No changes shall be made in vendors or fabrication sources, except when
such changes are approved in accordance with the provisions of ANA Bulletin No. 423.

Parts list: The parts list for the engine which successfully completes Qualification tests shall
constitute the approved parts list for subsequent engines of the same model. Changes to the
approved engine parts list shall be governed by the requirements specified in 3.7.2 entitled

“Changes in

design.”
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3.8 Interchangeability:

All parts having the same manufacturer's part number shall be directly and completely
interchangeable with each other with respect to installation and performance, except that matched
parts or selective fits will be permitted where required. Changes in manufacturer’s part numbers

shall be governed by the drawing requirements of Specification MIL-D-5028.

3.9 Accessibility:

Insofar as practicable, parts of the engine requiring routine service checking, adjustment, or
replacement shall be made readily accessible for servicing without teardown of the engine and

removal of any major part, component, or accessory.

3.10 Dry weight of ¢complete engine:

The dry weight of the complete engine shall not exceed that specified in the’mode] specification.

3.10.1 Weights of additional equipment. The weights of items which are not engine cof
which are fugnished with the engine shall be listed in the modelspecification. The
be included |n the engine dry weight.

3.11 Over-all dimensions:

The over-all dimensions of the engine and allowances for expansion shall be as s
installation drawing.

3.12 Engine mounting:

mponents but
se items shall not

nown on the

Engine mounting provisions shall be suitable for the installation of vibration isolators capable of

adequately isglating engine vibrations: The number and location of mounting brag
bosses, the cl¢arance provisions, and the maximum allowable loads and moments|
shall be shown on the engine installation drawing.

kets, pads, or
of mounting pads

3.12.1 Clearance: At each meunting pad or boss, clearance shall be provided for using standard
wrenches to[disconnect the engine from the antivibration engine mount assemblies.
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3.13 Torquemeter:

All engines using propeller reduction gears and having a displacement of 2,000 cubic inches or
above shall have provisions for torquemeters, preferably without major change to the engine. When
installed in an engine, the torquemeter shall function satisfactorily up to and including the altitude
specified in the model specification and shall not materially affect the oil flow or heat rejection to the
lubricating oil. The torguemeter shall measure accurately the torque developed by the engine for
any torgque corresponding to any power-rpm combination within the following tolerances:

(a) Takeoff and military rated power to normal rated power - £2 percent.

(b) Normal ratrd power to 40 percent normal rated power - £3 percent.

(¢) 40 Percenl normal rated power to idling speed - £5 percent, except thatithere ghall be no
requirement for accuracy in the latter portion of the power range if thetorquemeter is not used for
power control actuation.

3.13.1 Torquemetel design and construction: Hydraulic torquemeter.construction shall|be such that

engine lubrigating oil shall not be discharged in the event of failure or removal ofithe external line.

Any device required for dampening pressure fluctuations shall be integral with the engine.
3.14 Crankshaft torsional vibration:
3.14.1 Helicopter and convertiplane engines: Torsional®ibration tests on the actual engine load system
may be requjired prior to the aircraft tie-down-tests, if deemed necessary by the using service, to
demonstrate|that excessive torsional vibration will not occur.

3.15 Helicopter engine effective flywheel reguirements:

The minimum |nertia to be provided as flywheel effect on helicopter-type engines shall be specified in
the model spegification.

3.16 Compression fatio:

The engine shpll beditted with pistons giving the compression ratio specified in the model
specification. [The'compression ratio may vary as permitted by drawing dimensions and tolerances.
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3.17 Propeller drive

requirements;

3.17.1 Propeller drive: The propeller drive(s) used shall conform to drawings and tables shown on
Drawing AND10152, as applicable. The model specification shall specify the following:

{a) The type of propeller control mechanism(s) for which provisions are to be made in the engine.

(b) The type

of propeller shaft(s).

{c) The shaft number(s).
(d) The direction of rotation as viewed from the antipropeller end.

{e) Whether
() The redu

the drive is single or dual rotation.
ction gear ratio(s).

3.17.2 Qil seals:

3.17.2.1 Nose to sh
and shall b
engine.

3.17.2.2 Between s
outboard s
discharged

3.17.3 Hydraulic pr
hydraulic-co

(a) A systen
propellen
specified

{b) A single

aft. An oil seal shall be provided between the engine noseand the
e so designed that no objectionable quantities of oil will be discharg

hafts of dual rotation shafts: An oil seal shall be\provided between
hafts, and the seal shall be so designed that ne objectionable quan
from between the shafts.

htrol valve shall be as follows:
incorporating an oil passage from the hydraulic-control valve moun
through the propeller shaftfor engines with No. 20, 30, and 40 shaf

in the model specification.

hcting system (incorporating a separate passage for high pressure ¢

control

another $eparate passage connecting the center hole on the propeller shaft
pressure|system) faf. engines with No. 20, 30, and 40 shaft sizes unless othg
the modgl specification.

{c) A double|acting system (incorporating a separate passage for high pressure

ounting pad to the propeller through the outer supply holes on the g

propeller shaft,

ed from the

e inboard and
ities of oil will be

bvisions for single rotation: The requirements for propeller control mechanism or

ting pad to the

t sizes, when

bil supply from the
ropeller shaft and
o the engine oil

rwise specified in

bil supply from the

control mounting pad to the propeller through the outer supply hole on the pr
another separate passage connecting the center hole on the propeller shaft to another
appropriate high pressure oil supply at the control pad) shall be provided for No. 50 shafts and

above.

opeller shaft and

(d) Engines with shaft sizes 7-1/2, 10, 70, or above, shall not require shaft hydraulic transfer
provisions unless otherwise specified in the model specification.
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3.17.3.1 Qil passages: When engine lubricating oil is used to operate the propeller controls, it is desired
that all oil passages shall be within the engine. The design of the hydraulic system shall be
adequate to meet at least the following pressure drops, oil flow, and oil leakage requirements
when the engine is operating at normal rated power and speed and with oil and oil inlet
temperature conforming to that specified for the engine in the model specification. The
pressures and deliveries specified shall be determined by means acceptable to the using service.

3.17.3.2

3.17.3.3

3.17.3.4

Pressure drop: The oil passages shall be of such size as to permit the following flows and
pressure drops from the propeller passage at the control pad to the outer oil holes in the propeller
shaft, as applicable.

(@ 11 qua
40 sha

ts per minute at 20 pounds per square inch maximum pressure dro
ts.

p for 20, 30, and

(b) 22 quarts per minute at 40 pounds per square inch maximum pressure drojp with shaft sizes

No. 50

or above.

(c) With n¢ flow at the engine oil supply hole of the control pachor at the propeller shaft center

hole, a
inch or

Flow: The
the engine
indicated s

(a) 50 pounds per square inch minimum for a hydraulic-control valve system 3

in3.17

(b) 5 poun
3.17.3.

(¢) 5 poun
minute

Leakage:
leakage frg

5 applicable, the pressure at these points shall be hot less than 15 g
exceed 100 pounds per square inch.

oil supply hole at the minimum pressures and flow specified as folld
ystems described in 3.17.3 entitled *Hydraulic provisions for single
3.2(a) entitled “Pressure drop.”

s per square inch Minimum for a single acting system and flow spqg
P(a) and 3.17.3.2(b) entitled “Pressure drop.”

ds per squareinch minimum for a double acting system and a flow
minimum-fer 3.17.3.2(b) entitled “Pressure drop.”

At theleompletion of the 150-Hour engine endurance run of the Qua
rmthe oil passages between the mounting pad and the outer oil hol

ounds per square

engine shall maintain the applicable raté of flow to the propeller comtrol pad through

ws for the
rotation.”

nd flow specified
cified in

bf 6 quarts per

ification tests, the
bs in the propeller

shaft or the center oil hole in the propelier shaft, whichever is applicable, inciuding oil transfer
gland leakage, shall be not more than 2 quarts per minute at 400 £20 pounds per square inch oil
pressure nor more than 3-1/2 quarts per minute at 650 £20 pounds per square inch oil pressure
measured at the mounting pad. For double acting systems, these leakage requirements apply
independently at each passage when using hormal engine oil pressure in the other passage.
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3.17.3.5 For single acting system only:

3.17.3.5.1 Propeller feathering: With the engine not operating and with no flow at the engine oil supply
outlet at the control pad, the pressure required to cause a flow specified in 3.17.3.2 entitled
“Pressure drop” into the center hole of the propeller shaft shall be not more than 100 pounds

per square inch.

3.17.3.5.2 Engine oil supply to propeller: With no flow at the engine oil supply outlet at the control pad,
the rate of discharge from the center hole in the propeller shaft to atmospheric pressure shall
be not less than 11 quarts per minute for engines with No. 20, 30, 40, and 50 shafts.

3.17.3.6 Qil transfef plug: When an oil transfer plug is used to accommodate hydraulic|controllable
propellers,|the shaft end shall conform to Drawing AND10152, Sheet 3, as\applicable, and if not
used, the ghaft shall be plugged as shown on Drawing AND10152, Sheet, 3, to| prevent oil
leakage infeither direction under a pressure head of 12 inches of oil.

3.17.4 Hydraulic provisions for dual rotating propellers: For engines intended for use with dual rotation
propellers and other engines without shaft hydraulic transfer provisions, the engine shall maintain
an oil flow ofjat least 2 quarts per minute to the propeller control pad through the engine oil supply
hole at a minimum pressure of 4 pounds per square inch,. With no flow at the engine oil supply hole
at the contaqgt the pressure at this point shall be not less than 15 pounds per square inch nor more
than 100 podinds per square inch.

3.17.5 Special drivg provisions: When special drive provisions are incorporated for helicopter engines or
other special applications, these provisions shall be described in the model spegification.

3.18 Supercharging system:
When an integral gear-driven supetcharger is used, the following shall apply.
3.18.1 Superchargsgr drain valve: VAherever downdraft carburetors are used, an autompatic drainage
system shall|be providedito prevent accumulation of fuel in the induction system. A straight-

threaded opeéning shallbe provided for drainage.

3.18.2 Supercharggr conttol: VWhere applicable, the location of the various step positiohs of the
supercharger control shall permit positioning in the following sequence:

(a) Low speed or main stage only.
{b) High speed or low speed auxiliary stage.
(c) High speed auxiliary stage.

3.18.3 Supercharger drives: \WWhen supercharger drives are used, the control mechanism shall be so
designed that upon shifting from one speed combination to another combination at normal or
military rated speed, full power shall be obtainable within 5 seconds after making the shift.
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3.18.4 Impeller gear. Impeller gear ratio and diameter of the impeller shall be specified in the model
specification.

3.19 Automatic engine control:

The operating characteristics of an automatic control, when used, shall be specified in the engine
model specification. These characteristics shall be reflected in the estimated engine performance
curves furnished as part of the engine model specification. Such controls shall function satisfactorily
up to and including the altitude specified in the engine model specification.

3.19.1 Functional data: All functional data on the operating characteristics of the automatic control,

including a
acceleration|characteristics, and a block layout giving description of each compd

hematic diagram with functional tolerances, which includes regulation, stability, and

nent, shall be

furnished pripr to submitting the first engine of each model (for other thanicontractor's test) to

Acceptance fests, unless the same data have been submitted on a previots eng
control characteristics, in which case the model specification shall so ‘designate.

3.19.1.1

3.191.2

3.191.3

3.191.4

3.19.2 Manifold prepsute control: Single lever control of manifold pressure shall be pro

Ambient hyimidity: Controls of the electrical or electronic type shall operate sa
following
temperature is 130°F.

ine of identical

tisfactorily

riods of inoperation of 30 days during which the’ humidity is 100 percent and the

Protection| Provisions shall be made for protecting the control from any detrimental foreign

material. en screens are used, they shall bercapable of being removed wit
installed om the engine.

n the control

Drainage: [Suitable provisions shall be.incorporated for draining condensates from air chambers

of the contfol while installed on the engihe. Provisions shall be made for comp
passages and chambers when the'\control is not installed on the engine. If neq
disassembly of the control to afextent not requiring readjustment upon reassg
permitted.

Adjustments and stopsi-When adjustments of limiting values of the controlled
required, provision shall be made for external adjustment. Positive stops shall
limits of trgvel of the datum lever.

ete drainage of all
tessary,
embly shall be

variable are
be provided at the

vided. VWhen the

engine is intended for use with a turbosupercharger not supplied with the engine, single lever
control of manifold pressure shall not include control of the turbosupercharger.

3.19.3 Compensation for operating fluid pressure: Performance of the control shall not be adversely
affected by variations in pressure of the operating fluid normally encountered in service. The
minimum allowable operating pressure at the control shall be specified in the engine model
specification.


https://saenorm.com/api/?name=8e03972e4a11155485449e941d969bf9

SAE AS25109 Page 13 of 29

3.19.4 Voltage and frequency variation:

3.19.4.1 Alternating current: The control or any part thereof, when operating on alternating current, shall
provide satisfactory operation throughout a variation of voltage and frequency not exceeding
10 percent of the rated values.

3.19.4.2 Direct current: The control or any part thereof, when operating on direct current, shall provide
satisfactory operation throughout a voltage range of 18 to 30 volts, or 103 to 121 volts, as
applicable.

3.19.5 Emergency operations: Whenever practicable, fail-safe provisions shall be made for manual
control of engine power in the event of engine control failure. Manual control shall be possible with
a maximum permissible torque of 50 pound-inches at the datum lever.

3.19.6 Combat power: The control shall automatically reset the datum, wherexer appli¢able, when
changing from military to combat power or vice versa.

3.19.7 Operating limits: The control shall automatically reset the datundat military and gombat power to
the extent reuired by changes in altitude, supercharger ratio; engine speed, etg, to prevent
exceeding safe operation limits of the engine.

3.20 Manifold presgure:

Provisions shell be made for the measurement of\the intake manifold pressure, the location of which
shall be indicated on the installation drawing. -The boss shall be tapped 7/16-20 UNF-3B in
accordance with Specification MIL-S-7742. The installation drawing shall indicate([that a No. 50
drilled opening is supplied on the engine ¥ is required in the companion fitting.

3.21 Exhaust system:

Steel parts of the exhaust system which come in contact with exhaust gases shalllbe constructed of
or protected by a suitable corrosion- and heat-resisting material.

exhaust-driven supercharger installation is specified, adequate provisions for anghorage and
tightness of the-connections to the exhaust pipe shall be provided, and the exhalust flange
connection orthe exhaust system attachment arrangement furnished.

3.21.1 Exhaust flanges: Exhaust flanges and gaskets shall not be furnished with the erEine. Where an

3.22 Cowling:

3.22.1 Cowl or shroud attachment: If provision for attachment of cowling or shrouding is to be furnished
on the engine, the location of the points of attachment shall be dimensionally controlled within the
tolerances shown on the installation drawing.
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3.22.2 Ring:. Provision shall be made on the rocker boxes of radial engines for attachment of the ring cowl
at the front and rear of each cylinder for single row radials and at the front of the front cylinders and
rear of the rear cylinders on multirow radials.

3.23 Cylinder cooling baffles:

3.24

3.25

3.26

If baffles are used, it is desired that their attachment to the engine shall be such that it shall be
possible to replace the baffles without removing cylinders from the engine.

Coolant pump

(liquid-cooled engines):

It shall be posT
without removing other accessories. The pump shaft packing shall be accessible

is of the adjusf
Coolant temps
The coolant oy
cylinder blocks
medium outlet
designed for u
30 percent wa

Cylinder temp

Provisions sh3

ible to remove those portions of the coolant pump requiring routine
able type.

rature (liquid-cooled engines):

tlet temperature variation shall be not more than 3 Fahrenheit degr
when operating at normal rated power and nofmal rated speed wit
temperature as specified in the model specification. It is desired th
e with 70 percent ethylene glycol conforming to Specification MIL-{
er by volume as a coolant.

brature measurement (air-cooled engines):

Il be made on all cylinders for the installation of cylinder head resist

accordance wi

fitting in accorgance with Drawing AN4076 shall be furnished only on cylinders de

using service,
engine. If ano
standard plug
fitting conform
specified in th
production ord
thermocouples
MIL-T-5493 or

h Drawing AND10312. Ifpréovisions conforming to Drawing AND10)

r an equivalent number of fittings not to exceed four, shall be furnis
her arrangement(is)necessary, it shall be specified in the model spg
Conforming to Drawing ANS543 shall be used in the resistance bulb
ng to DrawingsAN4076 is not furnished. The type of resistance bull

model specification. The cylinder bases of all cylinders on the firsf

r shall-be drilled for the installation of base-type thermocouples. If
are supplied, the electromotive force characteristics shall conform
MIL-T-5494.

service inspection
for adjustment if it

ees between the
N a cooling
at the engine be
F-5559 and

ance bulbs in
312 are utilized, a
signated by the
shed with the
ecification. A
openings when a
bs used shall be
10 engines of a
these
o Specification

3.27 Fuel metering system:

3.27.1 Carburetor or fuel injector: If the engine is equipped with a carburetor or fuel injector, it shall be the
model of carburetor or fuel injector specified in the engine model specification and shall conform to

the following
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3.27.1.1 Carburetor or air throttle entrance screens: Engines equipped with induction system impellers
shall have screen installations protecting all impellers. The installation, materials, and
construction shall be substantially in accordance with Drawing AND10201. Air cleaners, if
furnished with the engine, shall conform to Specification MIL-F-7194.

3.27.1.2 Nameplate: A nameplate shall be suitably fastened to the carburetor in a manner that will not
affect the gas or liquid tightness of the carburetor or promote corrosion.

3.27.1.2.1 Parts list numbers shall include any supplementary numbers or letters which cover changes in

metering and interchangeability of component parts.

3.27.1.3 Qualificatign sample: To qualify the carburetor, a qualification sample shall be
using service for metering tests to determine compliance with the following.reo

3.27.1.3.1 Load compensation: The carburetor shall maintain, without manuaktadjustm
at constgnt air flow at all normal operating engine speeds within thelimits givs
on the values established for the reference carburetor.

submitted to the
uirements.

ent, fuel-air ratios
bn in table | based

TABLE |
Sea level metering characteristics
Percept of airflow for | Percent permissible vatia- Variation in engine
no: rated power tion from fuel-air ratios speed
and speed established for reference
carburetors

0 to 30 i Idle - 50 percent N.RJS.
30 to 70 2 50 percent N.R.S.

=100 percent N.R.S.
70 to 100 12 110 percent of N.R.S.
and above from applicable speed jon

normal propeller load
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3.27.1.3.2 Altitude compensation: For airflows corresponding to 30, 50, 80, and 100 percent of normal

rated power and takeoff power under carburetor entrance conditions as show

n in table Il, the

fuel-air ratio shall not vary from that obtained with standard sea level carburetor entrance

conditions by more than the percentage specified for the tabulated conditions
critical altitude for these air flows.

up to the engine

TABLE Il
Carburetor entrance conditions
Applicable range of specific Applicable range of temperature Limits
waights (1b/cu f£t) “Fi (percent)
0.10 to 0,05 #As specified in the model L
0.05 to 0.034 specification &
0.03L to 0,018 &y

3.27.1.3.3 Fuel pregsure compensation: With a fuel pressure variationdwithin the limits |[specified in the
engine model specification of the engine for which the carburetor is intended, the fuel-air ratio
at any aifflow in the range from 40 to 70 percent of the:airflow for normal ratged power and
speed shall not vary more than 1 percent, and for aitflows above 70 percent [of the airflow for

normal rated power and speed, shall not vary more’than 2 percent.

3.27.1.4 Performange: Unless otherwise specified in the-€ngine model specification, th
contractor ghall prepare and submit a “Referénce carburetor.” The “Reference
meet the r¢quirements outlined below whén subjected to the metering tests fo

carburetor|specified in Specification MIL-E-25111.

e engine
carburetor” shall
" reference

3.27.1.4.1 “Rich” arld “normal” positions at normal and military rated powers and takeoff power: At

takeoff ppwer and speed, the-mixture strength in the “rich” position shall be f
percent ih excess of that.carresponding to the “normal” position setting. At n
rated poyers and speeds;’the mixture strength in the “rich” position shall not

rom zero to 4
ormal and military
exceed that
' position setting.

obtained|at takeoff power nor be less than that corresponding to the “normal
At takeoff power.and speed the mixture strength in the “normal” position sha

| be from 0 to 2

percent in excess of that corresponding to the guaranteed fuel consumption| At normal and

military rtted powers and speeds the mixture strength in the “normal” positio
4 percent in‘excess of that corresponding to the guaranteed fuel consumpti

shall be from 0 to
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3.27.1.4.2 Rich position below normal rated power: With the mixture control in the rich position and with
the lowest degree of supercharging required to obtain the specified conditions, the mixture

3.271.43

strength shall be as follows:

{a) For minimum idling speed on a propeller load through takeoff power and speed, the mixture

strength shall be that necessary for maximum power at that speed.

{b) From minimum idling speed on a propeller load through takeoff power and speed to 50
percent normal rated speed, the mixture strength shall vary uniformly with speed.

{c) From 50 percent of normal rated speed on a propeller load through normal rated power and

speef to the maximum power specified for operation with “best economy” mixture, the
mixtyre strength at any point shall be from 0 to 12 percent in excess of best power mixture
strenpth at the corresponding peint. The mixture strength at powers aboje 25 percent
norm@al rated power shall not be affected by adjustment of the idle-mixturg within the range

of adjustment normally required under service conditions.

(d) On a|propeller load through normal rated power and speed the mixture sfrength at any
powdr above the maximum specified for operation with “best economy” mixture shall
neither be less than the mixture strength furnishedin the normal position|at corresponding
airflowvs nor exceed the mixture strength furnished in the rich position at fakeoff power and

speetl.

Normal position below normal rated power:~Yfith the mixture control in the nprmal position,

and withthe lowest degree of supercharging required to obtain the specified
carburetor shall furnish mixture strengths as follows:

(a) For engine operation at any peint on normal rated propeller load from min

conditions, the

mum idling speed

to 30(percent normal rated power, the mixture strength shall be not less than the minimum

required for satisfactory acceleration.

{b) For ¢ngine operation at any combination of speed and power specified for use with “best

econpmy” mixture, the mixture strength shall be from 2 percent to 8 perc
that gorrespeonding to the midpoint of “best economy” on a curve of spec
consumption versus mixture strength at that combination of speed and p
demgnstrable with the maximum cylinder cooling obtainable at the extre

ent in excess of
ic fuel

wer. This will be
es of the cruise

powef Tange specified in the model specification and at one additional point midway

between the extremes of power.

{c) For engine operation at 80 percent power on normal rated propeller load

, the mixture

strength shall be from O to 8 percent in excess of that corresponding to the guaranteed fuel

consumption.
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3.27.1.4.4 |dle mixture position: Mixture strength requirements shall be met with the position of the idle
mixture adjustment fixed. The displacement of this position from the midposition of the
effective range of the adjustment shall not exceed 10 percent of the effective range.

3.271.45

Effect of carburetor air scoop design on metering: Following flight tests conducted by the

aircraft manufacturers, sufficient data shall be submitted to the engine manufacturer to enable
him to check the performance of the carburetor air scoops with any approved setting and to
submit his recommendations to the using service. Approval by the Government of any
reference carburetor or required metering curve established therefrom shall not relieve the
engine manufacturer of the responsibility for proper functioning of that carburetor and setting in
various models of aircraft, provided that the recommendations of the engine manufacturers

regarding scoop design changes are placed in effect.

3.27.1.4.6 Curing d

be gover

3.27.2 Fuelinjectio
distribution g
3.27.1.1 and
respectively.
specification

3.27.2.1 Filter: A suitable filter will be required for the fuehinjection system and shall be

without dis
state whet
the engine

3.27.3 Speed densi
parameters
carburetors §
and “Namep
the model s

3.27.4 Water injecti

bte of rubber parts: All fuel system components containing synthetig
hed by the regulations of ANA Bulletin No. 410.

1 system: If the engine is equipped with an injection system involvin
f fuel, the system shall satisfy the general requirements for carbure
3.27 1.2 entitled “Carburetor or air throttle entrance screens” and *

mantling any other parts of the fuelirjection system. The model sp
ner or hot a filter is to be furnished with the engine. VWhen the filter ig
the filter requirements shall be specified in the model specification

by carburetor: If the engine is equipped with a carburetor functionin
bf engine speed and ‘manifold mixture density, it shall satisfy the req
set forth in 3.27.1(Tand 3.27.1.2 entitled “Carburetor or air throttle

ate,” respectively) The qualification and acceptance requirements sl
ecification,

rubber parts shall

g timed
ors set forth in
Nameplate,”

The qualification and acceptance requirements shall be specified ih the model

accessible
eification shall
not supplied with

g on the

irements for
ntrance screens”
nall be specified in

bn systent. If the engine is equipped with a water injection system the type and model
of water regllator&hall be designated in the engine model specification.

3.27.4.1 Construction: The design and the materials of construction of the water injection system shall be

such as to

prevent corrosion of parts.
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3.28 Special connections to induction systems:

3.28.1 Before supercharger: A hole tapped 5/8-18 UNF-3B in accordance with Specification MIL-S-7742
shall be provided between the carburetor or air throttle and the main stage supercharger for
accommodation of a temperature-sensitive element. Clearance within the engine shall be provided
not less than 17/32 inch in diameter, nor 2-3/8 inches in length. Clearance external of the engine
shall be provided not less than 4 inches in over-all length and 1-1/2 inches in diameter. The
clearance shall be shown on the engine installation drawing. Nonsupercharged engines shall have
the same hole located in similar relation to the carburetor or air throttle.

3.29 Lines and fittin

gs:

The fuel lines s
on the engine
effects of dest

3.30 Lubricating syj

3.30.1 Accessory Iy
of the use of
regulator, au
limits as set
oil from the 2

3.30.2 Qil pressure

speeds. Thg

accessible fg

3.30.2.1 Relief valv
the adjustn
Qualificatig

tormatic mixture control or engine-driven accessoties requiring lubrig

which convey fuel shall be flexible or shall be adequately supported
uctive vibration.

stem:

brication: Lubrication and operation of the engine shall not be impa
engine lubricating oil for normal operation of propellers, automatic s

forth in the applicable accessory drive standards. This shall include
bove referenced accessories.

adjustment: The lubricating system shall be arranged to indicate pi
oil pressure adjustment shall be external to the engine, and it shal
r and shall permit adjustment while the engine is running.

2. The pump relief valve shall be so designed that it will be unnece;
nent of the relief valye when operating under any conditions specifig
n tests of Specification MIL-E-25111.

3.30.3 Oil pump le

an oil having a viscosity of approximately 100 Saybolt universal seconds at 210f

oil pump inl

engine owing to)leakage through the pump shall not exceed 0.2 pound per hour

at.room temperature and under a head of 3 feet, the total flow of ti

thall be as short as possible and shall contain no water-collecting trszs. External lines

to eliminate the

ired as the result
supercharger
tation with the
the return of the

essure at idling
be readily

ssary to change
d in the

kage: After.the Qualification tests, with a mixture of equal parts aviation gasoline and

F supplied to the
ne oil into the

3.30.3.1 Check valve: If a check valve, or other device, is installed on the discharge side of the oil

pressure p

3.30.4

ump it shall not adversely affect engine lubrication.

QOil bypass: The oil system of a dry sump engine shall be so arranged that the oil bypassed from

the pressure pump will be returned to the inlet of the pressure pump and the scavenge pump will
be required to handle only the oil which has passed through the engine. The oil system of a wet
sump engine shall be so arranged that the oil bypassed from the pressure pump will be returned to

the sump.
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3.30.5 Scavenging system: The scavenging system shall adequately scavenge the engine for extended
periods of time under normal operating conditions, with a back pressure on the scavenging system
of 40 pounds per square inch between the point of maximum flow and 80 percent normal rated
speed, thereafter decreasing uniformly not exceeding 10 pounds per square inch at minimum idling
speed, of which not more than 2 pounds shall be due to the use of a fixed relief valve in the
external scavenge system when using oil conforming to Specification MIL-L-6082 at an inlet
viscosity of 100 £5 Saybolt universal seconds. The scavenging system shall likewise operate
satisfactorily at takeoff power and speed with an oil or a diluted oil having a viscosity equivalent to
Specification MIL-L-6082, grade 1100 +30 percent by volume of fuel, as specified in the model
specification and with the back pressure specified above and oil-in temperature of 122° £5°F, and
within the normal operating temperatures specified in the model specification.

3.30.6 Pressure pump(s): No air traps shall exist at the pump inlet(s). The oil pressutg pump(s) shall
have sufficient capacity to maintain, at 75 percent normal rated speed, the same pressure obtained
at normal rafled speed, using ¢il conforming to Specification MIL-L-6082 at-an inlet viscosity of
100 £5 Saybolt universal seconds. The oil pressure pump shall maintain, With reference to the inlet
pressure, an|operating pressure as specified in the model specification‘with an injet pressure of not
less than 8 ifches of mercury abseclute, and shall provide at least the minimum gllowable oil
pressure when the inlet pressure is 6 inches of mercury absolute-with the oil to the pump
containing npt more than 10 percent aeration.

3.30.7 Qil cleaner: |A suitable oil cleaner shall be installed in such manner that all oil pgssed through the
main oil pregsure pump shall immediately pass through the cleaner. The installgtion shall be so
made that dift extracted from the oil will be deposited on the outside of the cleaning element. It
shall be possible to remove the oil cleaning elemént from its housing without distdrbing any oil lines
or any other|part. Foreign matter removed by the cleaner shall not re-enter the lubricating system
under normgl operating conditions.

3.30.8 Oil pressure|connections: Pressure ‘egnnections for cockpit indication shall be 7/16-20 UNF-3B
internal straight thread. The oil pfessure at the connection shall not fluctuate mofre than £5 percent
under any stabilized operating ¢ondition.

3.30.8.1 Temperature measurements: Provision shall be made for measuring oil inlet t¢mperature. A
hole, tappgd 5/8-18NF-3B, in accordance with Specification MIL-S-7742 shdll be provided for
installation| of an eikinlet thermometer which shall be located in a suitable posifion to measure
true inlet ofl temperature. A correction factor(s) may be furnished, preferably in the model
specificatign;-at the option of the contractor if this requirement cannot be met. |Clearance within
the engine shallbe provided Tor the sensitive portion of the bulb, Standard MS28034. Clearance
external of the engine shall be provided for the removal of the bulb, Standard MS28034. This
clearance shall be not less than 3-1/3 inches in length and 1-1/2 inches in diameter and shall be
clearly shown on the engine installation drawing.

3.30.9 Provision for oil connections: For engines having oil flows in excess of 75 pounds per minute
when using oil conforming to Specification MIL-L-6082, at a viscosity of 100 £5 Saybolt universal
seconds, pads shall be furnished in accordance with Drawing AND10458 for attaching oil inlet and
oil outlet connections. Sufficient clearance shall be provided for easy attachment or removal of
these oil connections.
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3.30.9.1 For engines having oil flows less than the above, oil inlet and outlet connections shall be in
accordance with Drawing AND10049, and sufficient clearance shall be provided for installing

3.30.10

3.30.11

3.30.12

3.30.13

3.30.14

these connections.

Qil tank vent: Provisions shall be made for a 3/4-inch-minimum tube size open

ing in accordance

with Drawing AND10049 in the engine for an oil tank vent connection located above the

centerline of the engine. If practicable, the vent connection shall be located in

the rear section.

For in-line engines, one additional connection shall be located at the propeller end of the engine.
The oil tank vent shall be so located in relation to the breathers that pressure in excess of 1/2

pound per square inch will not be applied to the oil tank vent connection. Sulffi

cient clearance

shall be provided for the necessary connection. Connections shall be in such a location that the

lubrication or scavenging of the engine will not be adversely affected.

Accessory|oil return: At least two 3/16-inch tube size openings in accordance

with Drawing

AND10049 shall be provided; one of these shall be located preferably inthe simp, for returning

engine oil from oil-operated accessories. The second opening shall be'for the
separator discharge and shall be so specified on the engine installation drawin
openings ghall be so located that the functioning of the oil scayenging system
not be adversely affected.

Qil drain: The engine shall be provided with at least one oil drain opening locd
point in thg crankcase or sump. The threads shall be, 118 NS-3. A drain plug
installed and propetly secured.

Lubricatior| points: All points in the engine regdiring pressure lubrication shall
the engine|lubricating system. No lubrication from an external source shall be

Oil lines: It is desired that all oil passages and lines be located within the engi

vacuum pump oil
g. These
and breathers will

ted at the lowest
or plugs, shall be

be |ubricated from
required.

ne.
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3.30.15 Crankcase breather(s):. The crankcase breather(s) shall be so arranged that the pressure in the
crankcase under any conditions of operation, including the discharge from the vacuum pump oil
separator, which will be considered to be 2 cubic feet of air per minute, will not exceed 1/2 pound
per square inch above static atmospheric pressure. It is desired that the breather opening be
made as small as possible consistent with satisfactory breathing. No breathing arrangement
which discharges from the propeller shaft will be permitted. The breather(s) shall be located and
arranged so that oil will not be lost from the engine in any attitude in which the engine may be
operated in an aircraft, including vertical dives, with the engine operating not in excess of its
rated dive speed. Each breather shall terminate preferably with a connection and a hose for
connecting to tubing in such manner that when so connected no other breather opening exists.
The hose connection end(s) shall conform to Drawing AND10058 or AND10060. The breather

system shall likewise operate satisfactorily at takeoff power and speed with ol
Specificatipn MIL-L-8082, grade 1100, diluted as specified at either of the follo

(a) 20 pergent by volume with fuel as specified in the model specification at an
tempenature of 60.0°F to 100.0°F.

(b) 30 pergent by volume with fuel as specified in the modelspecification at an
tempenature of 0.0°F to -20.0°F.

3.30.16
for a straig
engine cra
maintaineo

3.30.17 Preoil plug

minute oil 1

specificatig

pressure p

expedition

3.30.18 Wet-sump

specificatig

Crankcase pressure connection: Provisions shall be-made and designated by

t-threaded opening in accordance with Drawing AND10049 suitab
hkcase, for obtaining average crankcase pressure. Sufficient clears
for installing a standard hose nipple/fitting.

. A 1-14 NF-3B preoil opening shall be provided for engines over 7
low. A 5/8-18 UNF-3B opening shall be provided when specified in
n for engines under 75 pounds per minute oil flow. In engines havi
Lmp, additional openings shall be similarly provided, if necessary, tq
5 and thorough préoiling. Preoiling plugs shall be permanently mark

capacity. Wet-sump engines shall have the oil supply capacity spe
n.

3.31 Electrical syst¢m:

conforming to
wing conditions:

ambient

ambient

the manufacturer
y located in the
hce will be

b pounds per

the model

ng more than one
b insure

ted “preoil.”

tified in the model

3.31.1 Electrical int

efference:. kElectrical components as uUSed shall ot cause electrical

interference

beyond the limits specified in Specification AN-I-27. Specification MIL-I-6181 shall be made
applicable when mutually agreed upon between the contractor and the using service.
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3.31.2 Ignition:

3.31.2.1 Spark plugs:

3.31.2.1.1 Type: Spark plugs shall be of the type and model specified in the model specification, and shall
conhform to the requirements of Specification MIL-P-7886. Spark plugs from not less than two
sources shall be specified by the engine manufacturer for each model engine. At least one
type of non-platinum electrode spark plug shall be specified.

3.31.2.2 Installation and connections: Connections required to connect the ignition system to the aircraft
shall conform to applicable AN or MS standards, unless alternate connections are approved by

the using s
where con
accessible
sufficiently

3.31.2.3 High-tensi
shall conf
more than

3.31.2.4 Magnetos:

specified in the model specification. Magnetos shall*meet the following perfor

installation

3.31.2.4.1 Type deg

(@) “S” of

(b) Anu

(©) “L"o

viewed from the drive end.

(d) A letler, specified by the Government, to designate the manufacturer.

ervice. The ignition system shall be designed to locate the connecf]
nection can be completed without mounting aircraft parts on the‘eng
in place or readily removable from the engine when installed. iman aj
durable to withstand such maintenance.

n ignition cable: High-tension ignition cable, when used in rewirea

rm to Specification MIL-C-3162. The cable supplied-on delivered e
12 months old.

requirements.

ignations: The type designations of magnetos shall conform to the
“D" indicating single or double type.

mber indicating the number of cylinders fired by the magneto.

“R" indicating left-hand (counterclockwise) or right-hand (clockwise

(e) Modi[ications shall be indicated by a dash and an Arabic humeral.

ions at a point
ine, and shall be
rcraft and shall be

ble harnesses,
ngines shall be no

The manufacturer’s name and model of magneto or ignition generﬂor shall be

ahce and

following:

rotation when

llustration: Type SOLK, indicates a magneto which is a single type, 9 cylinders, left-hand
{counterclockwise) rotation, and made by the contractor to whom the designation “K” has been
assigned.
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