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RATIONALE

This Standard was revised based on the recommendations made at the 22 April 2010 SAE E-38 Aviation Piston Engine

Fuels and Lubricants_Committee meeting

The revision is part of the standard SAE five-year review process and it

includes both technical and editorial changes. The name of the preparing SAE committee has chanhged to E-38 and is

now under the SAE Aerospace Council.

1. SCOPE

This SAE Standard gpstablishes the requirements for lubricating oils containing ashless dispersant additives to be used in

four-stroke cycle, re
former military spec
latest listing of accey
1.1 Classification

The lubricating oils S

iprocating piston aircraft engines. This document covers the same lubricating oil
fication MIL-L-22851. Users should consult their airfframe or “engine manufactu
table lubricants.

hall be furnished in the following grades as in Table 1:

requirements as the
rers manuals for the

TABLE 1 - VISCOSITY GRADE*COMPARISON TABLE

SAE Military Commercial NATO Code
Grade Grade Grade Number
30 none 65 none

40 Type-Hl 80 0-123
50 rone 100 none
60 Type Il 120 0-128
Multi-Grade none none none

NO[TE—The Military.Grade designations are being phased-out in favor of the NATO Code Numbers.
Commercial Grade designations are being replaced by the SAE Grade classifications.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2011 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:

Tel: 877-606-7323 (inside USA and Canada)
Tel: +1 724-776-4970 (outside USA)

Fax: 724-776-0790

Email: CustomerService@sae.org
http://www.sae.org

SAE values your input. To provide feedback
on this Technical Report, please visit
http://www.sae.org/technical/standards/J1899 201108
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1.2 Commercial Products

Commercial products sold under this document must meet all of the requirements of Sections 3 and 4 of this document
with the following exceptions:

must be retained by the manufacturer for a period of at least three years.

original aircraft engine manufacturers.

nnlina and insnection nrocedural reauirements of 4. 4 2 2 throuah 4.4 3 2 donota
Py g g <1 )

Qualification samples and test results do not have to be submitted to the Naval Air Systems Command (NAVAIR), but

Individual products acceptance lists for commercial aviation piston engine oils will be maintained by each of the

ply.

a.
b.

c. The detailed san
d. Commercial pro
2. REFERENCES

2.1 Applicable Do

The following public
latest issue of SAE g

2.1.1  Government

2.1.1.1 Specificatior

The listed publicatio
specified, the issue
Specifications and

specifications are lis

21111  Specific
Military
MIL-L-6082 Lub
MIL-L-22851  Lub
21.1.1.2 Standar
Federal

jucts do not have to meet the packaging requirements of Section 5.

cuments

htions form a part of this specification to the extent specified herein. Unless oth
ublications shall apply.

Documents

s and Standards

s

5 of these documents shall be thoseslisted in the issue of the Department
Standards (DODISS) and supplemeént thereto cited in the solicitation (see
ed for reference only and are not.current.

btions

icating Oil, Aircraft Piston Engine (Non-Dispersant Mineral Qil), canceled Nov. 19
icating Oil, Aircraft Piston Engine (Ashless Dispersant), canceled Nov. 1995

s

ns and standards form a part of this specification to the extent specified herein.

brwise indicated, the

Unless otherwise
f Defense Index of
6.2). The military

95

FED-STD-313 Material Safety Data Sheets, Preparation and the Submission of

FED-STD-791

Lubricants, Liquid Fuels and Related Products; Methods of Testing
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Military

MIL-STD-290 Packaging, Packing and Marking of Petroleum and Related Products

(Unless otherwise indicated, copies of federal and military specifications, standards, and handbooks are available from
the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19111-
5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/. )

2.1.1.2 Other Government Publications

The following other
otherwise specified,

Naval Air Systems G
NAVAIR 17-15-BF-6

(Application for copi
Robbins Avenue, Ph

(Copies of specificatjons, standards, other Government documents and publications required by cont

with specific acquis
activity.)

2.2 Other Publicat

The following public
issues of these doc(
2.2.1 SAE Publics

Available from SAE
and Canada) or 724

SAE International Sf]
SAE J300

SAE J1787

the issues shall be those in effect on the date of the solicitation.
ommand
Instructions|

? Fluid Analysis Spectrometer, Atomic Emission, Operation

Instructions

iladelphia, PA 19111-5098. Their customer service telephone number is (215) 6¢

tion functions should be obtained from the contracting activity or as directeq

jons

btions form a part of this specification, to the extent specified herein. Unless oth
ments are those cited in the solicitation or contract.

tions

nternational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-6
776-4970 (outside USA), www.sae.org.

pndards
Fngine Qil Viscosity Classification

[Measurement of the Total Ash Content of Aviation Piston Engine Oils by a Calcul

Government pnhhr\ahnnc form 2 rr_\nrf of _this epnmﬂr\ahnn to the extent cpnmﬁed herein. Unless

and Maintenance

es should be addressed to the Navy Inventory Point, Code*03334 (Publications{Forms Branch), 700

7-5632.

actors in connection
by the contracting

brwise specified, the

D6-7323 (inside USA

htion Method

SAE International A

SAE AMS 3217/1

Tospace WVateriat-Specifications (AVS)

Test Slabs, Acrylonitrile Butadiene (NBR-H), Medium-High Acrylonitrile, 65 - 75

SAE AMS 3217/4 Test Slabs, Fluoroelastomer (FKM), 65 - 75

SAE AMS 3217/5 Test Slabs, Fluorosilicone (FVQM), 55 - 65
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2.2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www.astm.org.

ASTM D 92

ASTM D 93

ASTM D 97

ASTM D 129

ASTM D 130

ASTM D 445

ASTM D 482

ASTM D 664

ASTM D 892

ASTM D 1298

ASTM D 1552

ASTM D 2270

ASTM D 2273

ASTM D 2622

ASTM D 4052

ASTM D 4057

ASTM D 4177

ASTM D 4683

ASTM D 4684

ASTM D 4741

ASTM D 4927

ASTM D 4951

ASTM D 5185

Flash and Fire Points by Cleveland Open Cup
Flash Point by Pensky-Martens Closed Cup Tester

Pour Point of Petroleum Oils

Sulfur in Petroleum Products (General Bomb Method
Petection of Copper Corrosion from Petroleum Products by the Copper Strip Tarrish Test
Kinematic Viscosity of Transparent and Opaque Liquids (and the Calculation of Dynamic Viscosity)
Ash from Petroleum Products

Acid Number for Petroleum Products by Potentiometric Fitration
Foaming Characteristics of Lubricating Oils

Pensity, Relative Density (Specific Gravity), or APl Gravity of Crude Petroleum gnd Liquid Petroleum
Products by Hydrometer Method

Sulfur in Petroleum Products (High-Temperature Method)

Calculating Viscosity Index from Kinematic Viscosity at 40 and 100 °C
Trace Sediment in Lubricating:Qils

Sulfur in Petroleum Products (X-ray Spectrographic Method)

Pensity and Relative Density of Liquids by Digital Density Method
Manual Sampling of Petroleum and Petroleum Products

Automatic Sampling of Petroleum and Petroleum Products

[Measuring Viscosity at High Temperature and High Shear Rate by Tapered Bearihg Simulator

Determination of Yield Stress and Apparent Viscosity of Engine Oils at Low Temperature
Measuring Viscosity at High Temperature and High Shear Rate by Tapered-Plug Viscometer

Elemental Analysis of Lubricant and Additive Components—Barium, Calcium, Phosphorus, Sulfur,
and Zinc by Wavelength—Dispersive X-Ray Fluorescence Spectroscopy

Determination of Additive Elements in Lubricating Oils by Inductively Coupled Plasma Atomic
Emission Spectroscopy

Determination of Additive Elements, Wear Metals, and Contaminants in Used Lubricating Oils by
Inductively Coupled Plasma Atomic Emission Spectroscopy
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ASTM D 5293
ASTM D 5481
ASTM D 5949
ASTM D 5950
ASTM D 5985

ASTM D 6709

ASTM D 6922
2.2.3 ANSI Public

Available from Ame
4900, www.ansi.org.

ANSI Z129.1  Amg

2.2.4 ASQ Publicz

Available from Ame|
(United States or Ca

ASQ-Z1.4
2.2.5 Order of Pre
In the event of a cor
takes precedence.

exemption has been
3. REQUIREMENT

3.1 Qualification

Evaluation of Automotive Engine Oils Between -5 and -30 °C Using the Cold-Cranking Simulator

Measuring Viscosity at High Temperature and High Shear Rate by Multicell Capill
Pour Point of Petroleum Products (Automatic Pressure Pulse Method)
Pour Point of Petroleum Products (Automatic Tilt Method)

Pour Point of Petroleum Products (Rotational Method)

PDetermination of Homogeneity and Miscibility in Automotive Engine Oils

htions

rican National Standards Institute, 25 West 43rd Street, New\York, NY 10036-

rican National Standard for the Precautionary Labeling of Hazardous Industrial C

tions

nada) or +1-414-272-8575 (International),, www.asq.org.

Sanppling Procedures and Tables for Inspection by Attributes (DoD Accepted)

cedence

flict between the text of this’specification and the references cited herein, the tex
Nothing in this specification, however, supersedes applicable laws and regulatid
obtained.

S

The lubricating oils
listing on the applic

the procedures to be

urnished under this specification shall be products which are authorized by the

rican Society for Quality, 600 North Plankintoh Avenue, Milwaukee, WI 53203,

ary Viscometer

gine (CLR Oil Test

8002, Tel: 212-642-

hemicals

Tel: 800-248-1946

t of this specification
ns unless a specific

nualifying activity for
failed information on

ble quallfled products Ilst at the t|me for openlng of bIdS (see 4.3 and 6. 2 2) De

Naval Air Systems

Command, AIR-4.4.1, Fuels and Lubricants Systems Engineer, BU|Id|ng 2360 22229 Elmer Road, Unit 4, Patuxent River,
MD 20670. Qualification approval will be granted upon successful completion of all specification requirements.
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3.1.1 Read-across Approvals

Read-across approvals will only be granted to different grades of oil which are composed of varying percentages of the
same base stocks blended with identical additive packages (adjustments in VI improver and pour point depressant
concentration will be permitted). Complete chemical and physical property test results shall be submitted for each grade
of oil for which qualification is requested. Single cylinder engine tests shall be performed on the lightest and heaviest
single grade oils to be blended from the same basestock materials (neutral and bright stock). All single grade oils blended
from the same basestock materials and meeting SAE viscosity classification standards between the two tested products
will be granted qualification approval based on similarity. The 150 h engine test will be run on an SAE 50 grade oil unless
the use of another grade is acceptable to the approving agency. The flight test will be run on the appropriate single
grade(s) for the envippnmental conditions encountered. No read-across approvals will be granted to multi-grade oils.

3.1.2 Requalification

Requalification shal of the lubricant, the

ingredients used, théd

be required in the event any change is made in the source or composition
manufacturing processes, or the plant location.

3.2 Materials

The lubricating oils

two types of produc
viscosity index impr
the types of process

Exceptions to thesg requirements shall be directed to the qualifying activity.

manufacturer must
3.3 Chemical and
The finished lubricat
3.4  Sulfur

The sulfur content
conformance inspec

range selected by th

3.5 API Gravity

bhall be derived from petroleum fractions, synthetically prepared compounds or
ts compounded with such functional additives as dispersants, oxidation inhibito
pvers, and pour point depressants necessary to meet Specified requirements.

ing used in the manufacture of the base stocks:shall be identified in accordan

emonstrate the consistency of the products td4he qualifying activity.
Physical Properties

ng oil shall conform to the physicatand property requirements specified in Tables

pf the oil shall not exceed the value shown for each grade in Tables 2A 3
fion, the sulfur contentishall be within £0.15% mass of the qualification value or|
e manufacturer to-bracket the qualification value.

The American Petrd
For quality conform

n
range selected by thT;z

ce_inspection, the gravity shall be within £1.0 °API of the qualification value,
manufacturer to bracket the qualification value.

b combination of the
rs, antifoam agents,
Crude source(s) and
ce with Appendix A.

If re-refined materials are used the

2A and 2B.

nd 2B. For quality
within a 0.3% mass

leum Institute (API) gravity of the oil shall be determined but not limited on qualification inspection.

or within a 2.0 °API

3.6 Workmanship

The lubricating oil shall be a homogeneous blend when examined visually at room temperature (25 °C £ 3 °C) in a well-
lighted room or daylight. It shall exhibit no separation or fallout of the additive package. Any jelly-like substance or very
viscous material observed in the bottom of the container will be considered evidence of additive fallout.
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3.7 Storage Stabil

3.7.1 Fourteen-da

ity

y Storage Test

When stored as specified in 4.5.1.1, the oil shall show no separation.

3.7.2 Six-month S

torage Test

When stored as specified in 4.5.1.2, the oil shall show no separation.

TABLE 2A - CHEMICAL AND PHYSICAL PROPERTY REQUIREMENTS FOR FINISHED LUBRICANT

Characteristic (Limits) Multi-
SAE GRADE 30 40 50 60 grade Test-Method
Viscosity, mm?/s (cSt), ASTM D, 445
@ 100 °C, Min 9.3 12,5 16.3 21.9 o
@ 100 °C, Less than 12.5 16.3 21.9 26.1 m
Viscosily Index, Min 100 100 95 95 100 ASTM D 227p
Flash Hoint, °C, Min 220 225 243 243 220 ASTM D 92
Flash Hoint, °C report report report report report ASTM D 93
Pour Pgint, °C, Max -24 -22 -18 -18 — ASTM D 97,
ASTM D 5949,
ASTM D 595p,
ASTM D 598p
Sulfur, Mass %, Max 0.6 0.8 1.0 1.2 0.6 ASTM D 129
ASTM D 155p,
ASTM D 262p,
ASTM D 495(,
ASTM D 518p
Viscosity, Low Temp., — — — — m ASTM D 4684
Pumping
Viscosify, Low Temp., ASTM D 5298
Cold ¢rank Sim., cP, Min — — — — M
Viscosity, High Temp., 2.9 3.7 3.7 3.7 o ASTM D 4688,
High $hear, at 150 °C, ASTM D 474,
cP, M|n ASTM D 548
) All Grades
Viscosity, mm?*/s (cSt), ASTM D 445
@40fC report
Acid Number, ASTM D 664
mg KQH/g, Max® 1.0
Density, @ 15 °C, g/mL report ASTM D 405p
Gravity| @ 60 °F, °API®) report ASTM D 1298,
ASTM D 405p
Ash Content, ASTM D 482
Mass o, Max 0.011 SAE J1787
Trace $ediment, ASTM D 2278
mL/1J0 mL OilxzMax 0.005
Coppet Strip €drrosion, ASTM D 130
Max Rating
3h@ 100°C 1
3h@20z3—"C 3
Foaming Tendency/Stability ASTM D 892
Seq. 1
Aerated Vol., mL, Max 50
Vol. after 10 min, mL, Max 0
Seq. |l
Aerated Vol., mL, Max 50
Vol. after 10 min, mL, Max 0
Seq. Il
Aerated Vol., mL, Max 50
Vol. after 10 min, mL, Max 0

PON~

o

Oil shall meet the viscosity requirements of SAE J300 for the designated grade.

Titrate to a pH 11 end point.
API gravity may be computed from the relative density measured by ASTM D 4052.

ASTM D 482 is required for qualification. Either ASTM D 482 or SAE J1787 may be used for quality
Assurance testing.

Conduct the test in accordance with ASTM D 130 but at the temperature specified.
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TABLE 2B - CHEMICAL AND PHYSICAL PROPERTY REQUIREMENTS FOR FINISHED LUBRICANT

Characteristic (Limits)

SAE Grade All Grades Test Method
Compatibility with other oils'” pass ASTM D 6922
Elastomer Compatibility®®! FTM 791 Method 3604

% swelling, acceptable range:

after 72 h

Material Test Temp.

AMS 3217/1 70 °C (158 °F) -5to +10

AMSY 3217/4 150 °C (302 °F) -5to +5

AMY 3217/5 150 °C (302 °F) -5to +5

US Navy

Silicpne Rubber 121 °C (250 °F) 0 to +20

Trace Metal Content, ppm, Max®® (se©)475.2)

Iron (fre) 5
Silver|(Ag) 2
Alumihum (Al) 7 -
Chromium (Cr) 5
Coppé¢r (Cu) 3
Magngsium (Mg) 3
Molybdenum (Mo) 4
Nicke| (Ni) 3
Lead {Pb) 5
Silicon (Si) 25
Tin (Sn) 10
Titanipm (Ti) 2
Zinc (En) 10

1. Reference oils'will be identified by NAVAIR at the time of candidate submission.

2. The elastemer compatibility test shall be performed in accordance with Fed Test Method Std 791 Meethod
360¢ with the following exception: The specific materials which shall be tested and the temperature at which the
testlis to bercenducted are those listed in this table.

3. Reguired for qualification and for U.S. Government procurements.

3.8 Performance Requirements
3.8.1 Single Cylinder Engine Test
3.8.1.1 The fully formulated oil shall meet the requirements of Table 3 when tested in the Sequence VIII spark-ignition

engine test run in accordance with ASTM D 6709 except as modified herein. The test shall be run with the oil
gallery temperature controlled at 135 °C + 1 °C (275 °F £ 2 °F).
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TABLE 3 - SEQUENCE VIII ENGINE TEST REQUIREMENTS AT 40 H (END OF TEST)"

End of Test Limit Limit

Characteristic Single Grade Multigrade Test Method
BEARING
Bearing Weight Loss (Uncorrected), 500 500 ASTM D 6709
Total, mg, Max
USED OIL
Viscosity, % Change, Max @ 40 °C ? -15 to +10 </=+10 ASTM D 445
Viscosity, @ 100 °C — @) ASTM D 445
Agid Number, Change, Max 20 20 ASTM D 664

1
2
3
4

3.8.1.2 The test fue
of the KAZ
ASTM D 6

section (r
engine re
follows:

3.8.1.3 The test neid not be conducted using an ASTM Test Monitoring Center (TMC) calibrated t

3.8.1.3.1 Immedid
conduct
and Lul
supplier
producti
candida

Systemg

candidate oil test. The results*obtained with the reference oil must correlate with the AS]

D 6709

3.8.1.3.2
TMC ca

Laboratory operatofs-should be aware of the impact of conducting non-standard Seque

The engine test is to be run in accordance with ASTM D 6709 with an oil gallery temperature of
135°C+1°C (275 °F £ 2 °F).

Viscosity change of the 40 h sample shall be as shown for the specified grade.

Stripped viscosity of the 10 h sample shall remain in original SAE grade.

Titrate to a pH 11 end point.

shall be Soltrol 10 plus 0.779 to 0.806 mL/L (2.95 to 3.05 mL/US gallon) tetraeth

4E unleaded fuel. The air-to-fuel ratio is to be 14.0:1 as calculated by exhaust g
709, paragraph 7.6).

fer to ASTM D 6709, paragraph 10). In place'of TMC reference oils a subs
rence oil shall be used to validate test operation for individually authorized qual

tely prior to performing a candidate jubricant test run a separate aviation referg

yllead (TEL) in place
as analysis. (refer to

bst stand and power
itute aviation piston
fication programs as

nce oil test shall be

bd. The oil used in the reference test shall be identified by the Naval Air Systems Command, Fuels

ricants Systems Engineer (AIR:44.1), and will be based on discussions wi
The reference lubricant shalltbe a retained sample of an originally qualified
bn batch of the manufaeturers qualified lubricant) conforming to the SAE
e approval is sought. TheTesults obtained with the reference oil must be repo
Command immediately following completion of the reference test and be

Jata previously obtained on that approved formulation.

ibration status (refer to ASTM D 6709, paragraph 10.1.3.3).

h the candidate oil
product (or a recent
Standard for which
ted to the Naval Air
fore conducting the
M D 5119 or ASTM

hce VIl test on their

3.8.1.4 The final lab

test report shall be the same format as that used for the normal ASTM D 6704

test, paragraph 13,

but shall also include the following supplemental report items for Aviation Piston Engine Oil approval:

multi-grade prod

Viscosity at 40 °C and 100 °C on the 20, 30 and 40 h oil samples.

ucts.

Acid Number per ASTM D 664-2001 on the new oil, 10, 20, 30 and 40 h oil samples.

Stripped viscosity (per ASTM D 6709, Annex A14) at 40 °C on the 40 h oil sample for single grade products.

Stripped viscosity (per ASTM D 6709, Annex A14) at both 40 °C and 100 °C on the 10 h and 40 h oil samples for

Post-test photographs of the bearing (top and bottom halves) and of the piston skirts (thrust and non-thrust) sides.
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3.8.2 Engine Test

All candidate lubricating oils shall demonstrate satisfactory performance in a 150 h engine endurance test run on a
Lycoming Engines TI0-540-J2BD engine in accordance with Appendix B. Results of this engine test shall be acceptable
to the qualifying activity. For read-across approvals, only one engine test is required as defined in 3.1.1.

3.8.2.1 Engine Test Exclusion
At the discretion of the qualifying activity, this engine test requirement may be waived. Manufacturers requesting this

waiver shall provide sufficient data to the qualifying activity to either verify that the candidate oil formulation does not
represent a significant change from an existing qualified formulation or demonstrate the performance of the oil in an

equivalent manner.

3.8.3 Flight Test

After satisfactory cq
performance when f
Federal Aviation Adr
3.9 Material Safet

When applying for
prepared in accorda

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility

mpletion of the 150 h engine test requirement, all candidate oils (shall dem
ight tested as specified in Appendix C. Flight tests shall be performed in acc
hinistration (FAA) advisory material. If the terms of 3.8.2.1 apply,,the flight test sh
Data Sheets

gualification, the manufacturer shall submit to the qualifying activity Material
nce with FED-STD-313 (see 6.4).

for Inspection

bnstrate satisfactory
brdance with current
all not be required.

Safety Data Sheets

Unless otherwise specified in the contract or purchase.'0rder, the contractor is responsible for the¢ performance of all

inspection requirem
contractor may use
herein, unless disap
forth in the specific
prescribed requirem
4.1.1 Responsibili
All items shall meet
the contractor's ove

bnts as specified herein. Exceptyas otherwise specified in the contract or

broved by the Government... The Government reserves the right to perform any @
htion where such inspections are deemed necessary to assure supplies and
eNts.

fy For Compliance

burchase order, the

his own or any other facility suitable for the performance of the inspection requirements specified

f the inspections set
services conform to

All requirements’ of Sections 3 and 5. The inspection set forth in this document s

specification shall n¢
Government for acc
operations,
submission of know
material.

rall inspection system or quality program. The absence of any inspection
bt relieve-the contractor of the responsibility of assuring that all products or supp
ptance’comply with all requirements of the contract. Sampling inspection, as p

4.2 Classification of Inspections

The inspection requi

a.

rements specified herein are classified as follows:

Qualification inspection (see 4.3).

b. Quality assurance inspection (see 4.4).

all become a part of
equirements in the
ies submitted to the
rt of manufacturing

is an a ceptable practlce to ascertaln conformance to requwements however this |does not authorize
v A veramert to accept defective
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4.3 Qualification Inspection

The qualification inspection shall consist of a review of and concurrence with the manufacturer's test results (see 4.3.2) by
NAVAIR. Additional testing of the qualification inspection sample shall be performed by NAVAIR to confirm compliance
with the requirements of Tables 2A and 2B.

4.3.1 Qualification Inspection Sample

All qualification and NAVAIR testing shall be conducted on the same homogeneous batch of oil. The NAVAIR

qualification inspection test samples shall consist of a 3.8 L (1 gal) sample of each grade of blended base oil without
additives and a 38 L (10 gal) sample of each grade of the finished oil for which qualification approval is sought. Material

Safety Data Sheets
direction of the Na
laboratory at an add
securely attached du

al Air Systems Command, AlIR-4.4.1, these samples should be forwarded ti

ress to be specified at the time of sample submission. The sample should be gl
rable tag or label marked with the following information:

st samples. At the
the AIR-4.4.1 test
ainly identified by a

QUALIFICATION INSPECTION SAMPLE
LUBRICATING OIL, AIRCRAFT PISTON ENGINE{
ASHLESS DISPERSANT

Type of Sample: (basestock or finished ail)

Name of Manufacturer
Product Cogle Number
Batch Number
Date of Manufacture
Submitted by (hame) on (date)

for qualificalion inspection in accordance with SAE J183%wnder autherization of (reference authg
(see 6.2.2).

rizing letter)

FIGURE 1 - QUALIEICATION INSPECTION SAMPLE

4.3.2 Test Results

The manufacturer shall present a certified eopy of the test report to NAVAIR. The report shall contai

h complete test data

showing the results of all tests required by this specification with the exception of the trace metal confent. Photographs of

the test parts from the Single Cylinder-engine test shall be included along with data on the test oil's vi
40 °C and 100 °C) gnd Acid Number at 0, 10, 20, 30, and 40 h into the test (including the stripped v
100 °C of the 10 h and 40 h samples as specified in paragraph 3.8.1.4 for the appropriate grade.)

also include complete formulation data, including the brand name and manufacturer of each of thg
concentration of each additiverin the finished oil, the percentages of neutral, bright stock, or other co

blending of the product,.as-well as the crude oil sources and type of processing used in the manuf
stock components. [The‘manufacturer shall also specify the manufacturing blending tolerances for ¢

scosity (measured at
scosity at 40 °C and
The test report shall
additives used, the
ponents used in the
cture of those base
ach of the additives

and base stock components tsed-in-the-formutation:

4.3.3 Requalification

Requalification shall be required when any reformulation or change is made in source of manufacture, purity, origin, or
composition of the lubricating oil base stock(s) or additives. Requalification is also required for any changes in the
manufacturing process or plant locations of the finished product, its additives or base stock(s). No changes shall be made
unless approved by the qualifying activity (see 6.2.2).

4.4 Quality Assurance Inspection
Quality assurance inspection shall consist of all the tests in Table 4. Oil manufacturers shall retain a copy of each batch

test report in their files for at least three years. A copy of the test report on each batch of oil produced for the U.S.
Government shall be forwarded to Naval Air Systems Command.
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4.4.1

4.4.1.1 Bulk Lot

Lot Formation

A bulk lot is considered as an indefinite quantity of homogeneous mixture of material in a single isolated container or
manufactured by a single plant run (not exceeding 24 h) through the same processing equipment, with no change in

ingredient material.

4.4.1.2 Packaged Lot

A packaged lot is considered as an indefinite number of 208 L (55 gal) drums or smaller unit packages of identical size
and type filled with a homogeneous mixture of material manufactured by a single plant run (not exceeding 24 h) through

the same processing

eauinment with no chanae in inaredient material
h Ll 7 ~J ~J

442 Sampling
4.4.2.1 Sampling fo

Each bulk and pack
for verification of pro

4.4.2.2 Sampling fo

Each packaged lot g

Verification of Product Quality

hged lot of material shall be sampled at random in accordance with"ASTM D 40
duct quality as specified in 4.4.

Examination of Filled Containers

f containers shall be sampled in accordance with ASQ-Z1.4, for leakage, fill, clos

for shipment (packaging, packing, marking) in accordance with Section5.

4.4.2.3 Sampling fo

Examination of Sedimentation of Filled and-Sé&aled Containers

Samples of filled and sealed 0.95 L (1 gt) containers shall be-taken at such periodic levels as to be re¢

day of operation. T
against the sedimen

4.4.3 Inspection

4.4.3.1 Inspection o
Inspection shall be p
4.4.3.2 Examination
Examine samples tg

leakage, packaging,
required fill. If the n

he number of samples to be taken.'each day shall be in accordance with AS
ation requirement of Table 4.

f Material
erformed in accordance with Method 9601 of FED-STD-791.
of Filled Centainers

ken in‘aceordance with 4.4.2.2 for compliance with MIL-STD-290 with regard to
packing, and marking requirements. Reject any container having one or more

67 or ASTM D 4177

ure, and preparation

presentative of each
D-Z1.4, when tested

fill, closure, sealing,
defects or under the

umber of defective or unfilled containers exceeds the acceptance number for th(f appropriate plan of

ASQ-Z1.4, reject th

fotTepresented by thesampte:
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TABLE 4 - QUALITY ASSURANCE TEST REQUIREMENTS FOR FINISHED LUBRICANT

Characteristic (Limits) Multi-

SAE Grade 30 40 50 60 Grade Test Method
Viscosity, mm?/sec (cSt), " ASTM D 445
@ 100 °C, Min 9.3 12.5 16.3 21.9 0
@ 100 °C, Less Than 125 16.3 21.9 26.1
Viscosity Index, Min 100 100 95 95 100 ASTM D 2270
Flash Point, °C Min 220 225 243 243 220 ASTM D 92
Sulfur, Mass % Max® 0.6 0.8 1.0 1.2 0.6 ASTM D 129,
ASTM D 1552,
ASTM D 2622,
ASTM D 4951,
ASTM D 5185
Pour Point, °C Max -24 -22 -18 -18 — ASTM D 97,
ASTM D 5949,
ASTM D 5950,
ASTM D 5985
Viscosity, Low Temp., — — — — @ ASTM D 5293
Cold Crank Sim.
--------------- All Grades ---------------
Viscosity, mm?/sec (cSt), [@ 40 °C Report ASTM D 445
Acid Number, 1.0 ASTM D 664
mg KOH/g, Max®
Density @ 15 °C, g/mL Report ASTM D 4052
Gravity @ 60 °F, °API¥ Report ASTM D 1298,
ASTM D 4052
Ash Content® ASTM D 482,
Mass % Max 0.011 SAH J1787
Trace Sediment ASTM D 2273
ml/100 mL Oil, Max. 0:005
Copper Strip Corrosion, ASTM D 130
Max Rating 1
3h@ 100 °C
Foaming Tendency/Stability ASTM D 892
Sequence 2
Aerated Volume, mL, [max 50
Volume after 10 min, fnL, max 0
Trace Metal Content, ppnf, Max Seel4.5.29
Iron (Fe) 5 ASTM D 5185
Silver (Ag) 2
Aluminum (Al) 7
Chromium (Cr) 5
Copper (Cu) 3
Magnesium (Mg) 3
Nickel (Ni) 3
Lead (Pb) 5
Silicon (Si) 25
Tin (Sn) 10
Titanium (Ti) 2
Zinc (Zn) 10
Molybdenum (Mo) 4

Oil shall meet the viscosity requirements of SAE J300 for the designated grade.

See 3.4 for conformance limit range

Titrate to a pH 11 end point.

API gravity may be computed from the relative density measured by ASTM D 4052, see 3.5 for conformance limit range.
ASTM D 482 is required for qualification. Either ASTM D 482 or SAE J1787 may be used for Quality Assurance Testing.
Required for U.S. Government procurements only. ASTM D 5185 may be used for commercial products.

oarwN =~
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45 Test Methods

Tests shall be performed in accordance with the applicable methods listed in Tables 2A, 2B, 3, and 4, and Appendices B

and C.

4.5.1

Storage Stability

4.5.1.1 Fourteen-Day Storage Test

A clean, capped, or stoppered 0.95 L (1 gt) glass bottle shall be half filled with test oil and stored on alternate days +1 h at
5°C+1°C(40°F+2 F) and 18 °‘Ct 1 °C (0 F + 2 °F) by daily transferrlng from one cold box to another. Examine the

sample for evidenceo
the bottles to see if
observe carefully ar
sample is optically ¢
weekend periods wh

4.5.1.2 Six Month S
A 1-gallon sample of
months at 25 °C + 3
visually for separatio

452 Trace Metal

For initial qualificatid

Oil Analysis Program

the spectrometer s
spectrometer, five (
determinations shall
Defense, Technical

commercial procureinents trace metal content may.be measured using ASTM D 5185.

5. PACKAGING (

5.1 Preservation g

For acquisition purp@ses, the packaging requirements shall be as specified in the contract order (see

5.2 Marking

All unit, intermediat|

FOR MILITARY PROCUREMENTS)

\laif-Wala

jeposns adhere to the bottom Also sIowa pour 10 to 15 mL of cold oil over thg
lear, because of similar refractive indices. The test cycle shall be repeated fo
ere the sample may remain at one temperature condition for up to 72 continuous

forage Test

the test oil shall be stored in a clean, capped, or stopper wide-mouth glass contg
°C (77 °F £ 5 °F) away from light. At the end of the storage period the oil sh3
n of components.

Content

n and Government procurements the trace metal content of the oil shall be det
(JOAP) approved atomic emission spectrometer. Using JOAP spectrometric G
nall be standardized as specified in INAVAIR 17-15-BF-62.
eterminations for trace metal content shall be determined on the oil. The
be reported. Samples requiring trace metal content determinations may be se
Support Center, Joint Oil Analysis’ Program, 85 Millington Avenue, Pensacola, |

nd Packing

a)

-3

and shipping containers shall be marked in accordance with the contract

y unevenness in fluid texture. Deposits or suspended material may bejprese

ical clarity and invert
lip of the bottle and
nt even though the
14 days except for
hours.

iner for a period of 6
Il then be examined

ermined with a Joint
alibration standards,

Immediately aft¢r standardizing the

average of the five
ht to: Department of
L 32508-5020. For

5.2.1.1).

order. All unit and

intermediate packs

applicable laws, statutes, regulations, or ordinances, including Federal, State, and Municipal requirements.

£ 4 + ol lo pu | o : 1 <l + Hoy | laall 1 I laloalaal i
Ul TUATIC dAdllu TidZdiuuus  UlicTimodis  dirtua 1Tidtcriars  stiain artoU VT TauTITU 111

ccordance with the
In addition,

unit or intermediate containers, including unit containers that serve as shipping containers, such as pails and drums, shall
be marked with the applicable precautionary information detailed in ANSI Z129.1.

6. NOTES

This section contains information of a general or explanatory nature that may be helpful, but is not mandatory.

6.1 Intended Use

The lubricating oil covered by this specification is intended for use in four cycle piston aircraft engines and covers the

same lubricating oil

requirements as the former military specification MIL-L-22851. Users should

manufacturers manuals for the latest listing of acceptable lubricants.

consult their engine
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6.2 Military Procurements

6.2.1

Ordering Data

6.2.1.1 Acquisition Requirements

Procurement documents should specify the following:

Title, number, and date of this specification;

Grade of lubricating oil required (see 1.2);

a.
b.

c. Type and size of
d. Level of packing
e. Quantity desired;
f.  Submittal of test

6.2.2 Qualification

With respect to prod

opening of bids, qualified for inclusion in applicable Qualified Products: List whether or not such pr

been so listed by thg
to arrange to have t

they may be eligible¢ to be awarded contracts or purchase erders for the products covered by this

activity responsible
Lubricants Systems
pertaining to qualific
6.2.3 Internationa
Certain provisions o
1135). When ame
international agreenm
standardization char

6.3 Revisions

Revisions or changel

containers required (see 5.1);
required (see 5.1);

results (see 4.4).

ucts requiring qualification, awards shall be made_only for the products which ar

t date. The attention of the contractors is called\to these requirements, and man
ne products that they propose to offer to the-Federal Government tested for qual

for the Qualified Products List is Commander, Naval Air Systems Command, A
Engineer, Building 2360, 22229 Elmer Road, Unit 4, Patuxent River, MD
btion of products may be obtained ffom that activity.

Standardization Agreement®

this specification are the ‘subject of an international standardization agreement w
ndment, revision, or¢ancellation of this specification is proposed which will
ent concerned, the preparing activity shall take appropriate reconciliation action
nels, includingtdepartment standardization offices, if required.

s to.this’document must have concurrence from the Naval Air Systems Commang.

e, at the time set for
bducts have actually
ufacturers are urged
fication in order that
5 specification. The
\IR-4.4.1, Fuels and
P0670. Information

ith NATO (STANAG
bffect or violate the
hrough international

6.4 Material Safety DataSheets*

Contracting officers will identify those activities requiring copies of completed Material Safety Data Sheets prepared in
accordance with FED-STD-313. The pertinent Government mailing addresses for submission of data are listed in

paragraph 4 of FED-

STD-313.
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6.5 Marginal Indicia

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE E-38 AVIATION PISTON ENGINE FUELS AND LUBRICANTS COMMITTEE
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APPENDIX A - BASE STOCK CRUDE OIL SOURCE AND PROCESSING DESCRIPTIONS

A.1 When applying for qualification, refiners shall provide the following information about the crude oil and the processing

a.
b. Location of refinery or processing plant, by city and state (U.S.), province (Canada), or country;

C.

used in the manufacture of each base stock blended into their product:

Name of original

base stock refiner or processor;

General crude source shall be identified as follows:

ACl—Alaskan C
ANS—Alaskan N
DE—Diester (In
GE—Germany
MC—Mid Contin
ME—Middle Eas
MW—Mid West
MXA—Maya
MXO—Mexican
NA—North Afric

NS—North Sea

pok Inlet
lorth Slope

luding Manufacturing Source)

ent

—

PA—Pennsylvania

PAO—Polyalpha Olefin (Including Manufacturing Source)

PE—Polyol Estg

VEN—Venezuel

r (Including)Manufacturing Source)

zly

WC—West Coast

WCA—Western

Canada

WT—West Texas

OC—Other (Please provide brief description)
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d. General crude refining processes (nonsynthetics only) shall be defined as follows:
SD—Straight Distillation
VD—Vacuum Distillation
SR—Solvent Refining

MH—Mild Hydrogenation

SH—Severe Hydregenation
HP—Hydrocracked

OP—Other (Please provide brief description)
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APPENDIX B - ENGINE TEST REQUIREMENTS FOR SAE J1899/MIL-L-22851 AVIATION PISTON

ENGINE LUBRICANT

B.1 REFERENCES (LATEST APPLICABLE PUBLICATION APPLIES)

a.

b.

J-

B.2 ENCLOSURES

a.

b.

Society of Automotive Engineers Standard, SAE J1899, Lubricating Qil, Aircraft Piston Engine (Ashless Dispersant).

Code of Federal Regulations (CFR) 14, Federal Air Regulation Part 33.49 Endurance test, Subpart D Block Test,

Reciprocating Ai

rcraft Engines.

Overhaul Manual, Lycoming Engines Direct Drive Engine, Publication Number 60294-7.

Operator's Many
Parts Catalog, L
Overhaul Manug
Service Table of
Overhaul Manug
Hartzel Overhau

Code of Federal

TIO-540-J2BD H
Figures B1 and

1. Objective: T
prior to bein

2. Introduction

a. Qualif
impart

to determine the chemical and physical properties of the lubricants.

b. Flight

al, Lycoming Engines TIO-540 Series Aircraft Engines, Publication Number 6029
ycoming Engines TIO-540-J2BD Engine, Publication Number PC315.

| for Aircraft Systems Turbochargers, Publication Number TP20-0128.

Limits and Torque Value Recommendations, Lycoming Engings,-Publication Nun
| for Aircraft System Valves and Controllers, PublicationNumber TP20-0129.
| Manual Number 117D (for Hartzel Propeller Model‘HC3Y-2UF/FC8486-6R),

Regulations (CFR) 14, Federal Air Regulation Part 33.57 General Conduct of BIg

ngine Instrumentation Data (Tables B:l'and B2).
B2.

b conduct an engine test that will evaluate the quality of aviation piston engine oil
J subjected to flight test.evaluations.

ed oils under-SAE J1899 are synthetic or petroleum base lubricating oil blends cq
oxidative_stability and dispersant properties. Laboratory and bench tests are p¢

evaluations are also performed according to B.1a to determine the oil's perfor

7-23.

hber SSP1776.

ck Tests.

5 (described in B.1a)

ntaining additives to
prformed under B.1a

mance under actual

engine operating conditions.

c. This directive identifies the equipment, procedure, and requirements for a full scale piston engine test to
evaluate aviation engine lubricating oils.
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B.3 APPROACH

a. The engine used in this test is the Lycoming Engines TIO-540-J2BD or an equivalent model with the approval of the
Naval Air Systems Command (NAVAIR). It shall be run in the 150 h endurance test described in B.1b without the
turbocharger test requirements and along with the exceptions and amendments described herein.

1. Prior to the engine test, the engine is to be assembled using original manufacturer parts.

2. All the critical parts are to be measured during the initial build-up. These dimensions shall be compared with the
respective post test engine dimensions to determine the amount of wear which has occurred.

3. Engine har(iware shall also be visually inspected after the test and the presence of carbonageous deposits shall
be described and recorded.

4. The test mgy be run at ambient pressure altitude in place of the critical altitude and 800( ft pressure altitude
requirement|as noted in reference B.1.b.

5. ltis not necgssary to load each accessory drive and mounting attachment as ‘noted in referenge B.1.b.

6. NOTE: A TIO-540-J2BD Engine test run in strict compliance with reference B.1.b may be usgd to qualify lubricant
without thesg listed exceptions.

b. Lubricant properties shall be examined periodically throughout the test to determine oil degradatign.

>

c. All measured items shall meet the requirements contained herein.
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TABLE B1 - TIO-540-J2BD ENGINE INSTRUMENTATION DATA"

Parameter I.D. Tags Range Limit
Temperature (°F)
Oil, In (gallery) TIS 0-400 245 Max®?
Qil, Out (to cooler) TOO 0-500 Record
Air, Compressor Inlet TAI 0-200 32-104
Air, Compressor Outlet TATE 0-500 400 Max
Air, Test Cell TATC 0-200 32-104
Exhaust [Gas;-Turboctarger-infet FETH 0=2000 1650 gx
Cylinder|Head (at each Cyl.) TCH (1-6) 0-800 500-\Max
Fuel Inle TFI 0-200 100. Max
Pressure
Qil, Engipe Gallery POEG 0-200 559513
Qil, Pump Exit Engine (psig) POPE 0-300 Record?
Oil, Filtef Outlet (psig) POFO 0-200 Record']
Air, Dry Manifold, Std. Location (in Hg) PAM 0-100 49.0 Mak®
Air, Bargmetric, Test Cell (in Hg) PBTC 0540 RecordJ
Fuel, at Engine Fuel Pump Inlet (psig) PFUP 0-200 -2 to +64
Flow
Fuel (Ib/l) FF 0-300 250 Max
Speed (rpm)
Engine ERRM 0-4000 2575 Mgx
Other
Test Timg, h TET 0-200 150
Test Timg, h TOT 0-200
1. The tept instrumentation shall be calibrated before each test so that reported data shall have static accuracy
within the following limits:
Temperature within 2 °F
Pressure within 2%
Flqw within 2%
Speed within 2%
2. Measyred at the location specified in B.6d.
3. Valueg stated are for normal.operation after engine warm-up. The minimum idle pressure is 25 psig and the
maxinmum warm-up pressure is 115 psig.
4. The oil filter outlet pressure should not drop more than 18 psi below the oil pump exit pressure.
5. Baronietric pressure:
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TABLE B2 - 150 H TEST OPERATING CONDITIONS, TIO-540-J2BD""

Cumu- Cycle ) Fuel

Test lative Cycles/ Time, Ma“'f°|d2 Flow Oil Cyl. Head
Period Time, h Period h BHR RPM Pressure Ib/h Temp. °F Temp. °F
1 0to 30 10 0.08 350 2575 43.0 240-250 140-245 350475
0.08 210 2200 record 86-90 140-245 350475

2 30 to 50 4 25 350 2575 43.0 240-250 215-225 350475
25 210 2200 record 86-90 215-225 350475

3 50 to 70 10 1.5 350 2575 43.0 240-250 215-225 350475
85 263 2344 record 436=435 4407245 350475

4 70 tp 90 10 15 350 2575 43.0 240-250 2351245 500 Min®
0.5 245 2290 record 120-125 1401245 350475

5 90tq 110 10 1.5 350 2575 43.0 240-250 2351245 500 Min®
0.5 228 2240 record 102-109 1404245 350-475

6 110 tp 130 10 15 350 2575 43.0 240-250 2351245 500 Min®
0.5 210 2180 record 86-90 1401245 350475

7 130 t 150 10 15 350 2575 43.0 240-250 2354245 500 Min®
0.5 175 2050 record 79-84 1404245 350-475

The engine is to pe shut down a minimum of 0.5 h between each cycle.
The engine is to pe shut down a minimum of 0.5 h between each cycle.
3. Starting at cycle [, the hottest cylinder head shall maintain a minimumstemperature of 500 °F. The temperature of the femaining cylinder
heads shall be wjthin 50 °F of the hottest cylinder head for the remainder of the test at all maximum power conditions.

N —



https://saenorm.com/api/?name=1d57fde639210ff6108bc3cacccc0a10

J1899 Revised AUG2011 Page 23 of 37

SAE

JYNIvH3IdNIL SVYO LSNVHX3 - 193 ‘3LON

(NdY) d33dS INIDNI
009¢ 010} 44 0Qecc o002 008l 009t 0]0) 4" 00ct DO
_ T T T — j __ 0
{193 Mv3dOL NvI)
HOIY 17N 4 AWONOD3 1539
1001
(4001 SNNIW 1
AY3Id Ol HDOIEN
H3IMOd LS
_ w 002
o e e, ..................... L1 00E
3SINYO AWONOD3 ¥
: m o0V
H3IMOd3SHOH

FIGURE B1 - HORSEPOWER VERSUS ENGINE SPEED
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48
46
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ABS. DRY MANIFOLD PRESSURE (in. Hg)
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H
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10
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INDUCTION AIR TEMPERATURE (deg F)

i) 2575 RPM 350 HP 240-250 #/HR FUEL FLOW
2) 2340 RPM 263 HP 130-135 #/HR FutL FLOW
3) 2290 RPM 245 HP 120-125 #/HR FUEL FLOW

4} 2240 RPM 225 HP 102-109 #/HR FUEL FLOW

5T 2150
2200 RPM 210 HP B6-90 #/HA FUEL FLOW

6) 2050 RPM 175 HP 78-84 #/HR FUEL FLOW

FIGURE B2 - POWER CHART AT SEA LEVEL
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B.4 EQUIPMENT
a. Engine:

1. The TIO-540-J2BD engine is manufactured by Lycoming Engines, Williamsport, Pennsylvania. It is an internal
combustion, air cooled, turbocharged piston engine.

2. It is equipped with a continuous flow type fuel injection system and shall run on aviation grade gasoline with a
minimum octane rating of 100LL.

3. The engine is a six-cylinder opposed design with a displacement of 8873.6 cm?® (541.5 in3). At maximum power it
shall develop-350 I—Inrcnpr\\unr at sea level throu |gh critical altitude. (AG’)R m [’I 5 000 ﬁ])

4. The engine Is provided with a wet sump oil system having a capacity of 11.36 L (12 qt).

5. Accessories|supplied with the engine are the fuel pump, the starter, and the alternator. Two pdditional accessory
drives are supplied on this model engine and need not be loaded during the test. The alterpator, while normally
supplied with the engine, need not be installed for this test.

b. Test Stand: The test stand shall consist of an aircraft type dynafocal engine_mounting system, Piper model number
01272-2, identicpl to that used on the Piper PA31-350 (manufactured by Piper Aircraft Corp., Vefo Beach, Florida) or
equivalent. Thig system shall then be attached to a suitable test bed.

c. Power Absorber

1. This engine [drives a propeller directly off the engine crankshaft. For this test setup a flight prppeller shall be used
to absorb erlgine power. The propeller shall be a three=blade variable pitch type, Hartzell model number HC3YR-
2UF/FC8468-6R manufactured by Hartzell Propeller-inc., Piqua, Ohio, or equivalent represeptative propeller in a
fixed position. Used in conjunction with this propeller shall be the Hartzell propeller governor model number
F624Z or equivalent. This propeller and governor are similar to those used on the Piper PA31-350.

2. With this type of installation auxiliary air‘may be required to cool the engine to the specified limits. The flight
propeller algne may not provide sufficient cooling air to the engine in a test cell environment.

3. Alternate m¢ans of absorbing gngine power, e.g., club propellers or dynamometers are ac¢eptable for this test
method.

d. Instrumentation:

1. The test location shall be equipped with the necessary instrumentation and associated hajdware to record the
required data. The’minimum required instrumentation is listed in Table B1. Also listed arg the ranges and the
limits of these parameters The system shaII acqwre data from thermocouples pressure taps, flow meters, and
tachometer. e . v u sontrols to permit safe
operation.

2. Data shall be recorded periodically throughout the entire test. This includes the break-in, pre and post test
calibration, and oil consumption runs along with the endurance test run. The data shall be recorded either by
hand or by data acquisition system.

e. Fuel: All testing shall be conducted using grade 100LL aviation fuel manufactured to ASTM D 910 Standards.

f. The test installation shall incorporate a suitably sized air-oil separator connected to the oil breather exit of the engine.
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B.5 LOCATION

The testing source for the engine test is not limited. However, to obtain concurrent FAA approval the engine test must
comply with the instrumentation calibration requirements defined in reference B.1b. Also see Section B.9.b of this
specification.

B.6 PROCEDURE

B.6.1

a.

should not exce¢

After 150 h of te
change in engin

Prior to starting

Introduction

otal of 150 h. A daily

libration run shall be

time spent on these sequences shall not be included as part of the 150 h of test time. All nontest

d during the 150 h endurance test plus the pre- and post-test run time and any m
d 20 h. All miscellaneous running time shall be documented.

5ting has been completed the engine shall be subjected to apost-test calibration
b performance which has occurred during the test shall be determined and record

any sequence (break-in, pre- and post-test calibratién, ‘and oil consumption runs

run at a lower s¢tting to allow the oil to reach a temperature of 60~2C (140 °F) as recommended

The start-up, wg
run listed in this
after the engine
in the 150 h end

At the end of an
to the shutdown
damage if it is ru

For all engine r
values and the n

For all sequencs
of the pretest ca

rm-up, and ground check procedures outlined in-Section B.1d shall be used at

has been shut down (e.g.,
Lirance test time.

shutdown for maintenance, etc.). This warm-up time

y sequence or cycle or in the eventyof a premature shutdown, the engine shall b
procedure in B.1d. The only time'this procedure may be omitted is if the engine
n, even at an idle condition,fopany length of time (e.g., complete loss of oil or oil

inning procedures listed below, the engine speed shall be maintained within
nanifold pressure wijthin'+0.5 in of Hg. The test cell environment shall stay at amk

s run prior to the :actual endurance test, an oil filter shall be used in the oil syster
ibration run this*filter shall be replaced with a new oil filter.

scellaneous running

un. At this time any
d.

the engine shall be
in Section 9 of B.1c.
he beginning of any

procedure. This shall also be done at the start of each cycle of the endurancg run and at start-up

shall not be included

e stopped according
shall sustain serious
pressure, etc.).

43% of the specified

ient conditions.

n. At the completion
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B.6.2

a.

Break-In Run

The engine shall be run for a 3 h break-in period according to the procedure outline in B.6.2b. This sequence shall be
run at ambient pressure with the mixture setting adjusted to full rich. Record the data once at each power setting.
The oil used during this run shall be a SAE J1899 product as required by reference B.1d (with supplemental
information contained in the latest version of Lycoming Engines Service Instruction 1014). The J1899 product
selected from Service Instruction 1040 shall not contain an antiwear additive such as tri-cresyl-phosphate (TCP).

The break-in run shall be conducted as follows:

1. 0.25hat12
2. 0.25hat15
3. 0.25hat17
4. 0.25hat19
5. 0.33hat20
6. 0.33hat21

7. 033 hat22

8. 0.33hat23

9. 0.33hat24

10. 0.33 h at 25

00 rpm
DO rpm.
PO rpm.
DO rpm.
b0 rpm.
0 rpm with a manifold pressure of 32 in of Hg.
D0 rpm with a manifold pressure of 36 in of Hg.
D0 rpm with a manifold pressure of 38 in of Hgs
D0 rpm with a manifold pressure of 41, ip-of Hg.

5 rpm with a manifold pressure ¢f43 in of Hg.

11. Adjust the turbocharger density controlleras per Lycoming Service Instruction Number 1187.

12. Shut down t

During the brea
limits specified
absorber is use
profile manifold

Drain the used
one. Fill the cra

B.6.3 Oil Consu

a.

ne engine according toithe shutdown procedure in B.1d.

K-in run, the enging-temperatures, pressures, and speeds shall remain within {
by the manufatturer for the power setting selected. If a fixed pitch (club prog
i, the breaksin~run manifold pressure for condition (j) shall be met. For all othg
bressure shall be monitored but not controlled.

break-in"oil from the engine, oil lines, and oil cooler. Remove the oil filter and T
nKease with a clean charge of the candidate oil and proceed to the oil consumptio

ne normal operating
eller) type of power
r conditions the test

eplace it with a new
n run.

mption Run

This sequence shall be run for 2 h at maximum continuous power and speed (2575 rpm with a manifold pressure of
43 in of Hg), at sea level pressure, and have an oil temperature of 93 °C + 6 °C (200 °F £ 10 °F). During this run
record data every 15 min. After the engine has been shut down and the oil has drained down into the engine sump
(approximately 1/2 h), add enough test oil to bring the level to the full mark. Determine the oil consumption from the
amount of oil added and record this quantity. The oil consumption shall not exceed 0.95 L per hour (1.0 gt per hour),
if this value is exceeded the engine shall be rejected for testing.

Drain the used oil from the engine, oil lines, and the oil cooler. Fill the engine with a clean charge of candidate oil to
flush out any residual break-in lubricant. Proceed to the pretest calibration run.
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B.6.4

Pretest Calibration Run

Prior to endurance testing a calibration run shall be conducted. The engine shall not be used if its performance does
not meet the required power settings listed in B.6.4c. With the data obtained from the calibration run described as
follows, construct a propeller load curve for the engine to be used in testing. This propeller load curve shall also be
used as a record of the engine's performance prior to running the endurance test.

b. The pretest calibration run shall be conducted using three different power settings. Each of these settings shall be
held for a minimum of 10 min and the data shall be recorded when all the parameters have stabilized. The engine
speed, manifold pressure, and fuel mixture shall be held constant for each power level.

c. The propeller pifch stops shall be set according to the propeller manufacturer's recommendationp or as necessary to
achieve an engihe speed of 2575 rpm and a manifold pressure of 40 in of Hg. This shall enable|the engine to run at
all the settings l|sted in B.6.4d with the propeller blades at the fixed pitch position. The 'propellg¢r blade pitch angle,
obtained at the 30 in station, shall be measured and recorded. Run the engine at the Speeds indicated in B.6.4d and
record the manifold achieved. Construct a propeller load curve using the manifold pressureg achieved at these
engine speeds.

d. The following ingtrument settings shall be used for the pretest calibration run
1. All power leyels below shall be run with the fuel mixture at the settings specified in Figure B1;

2. 2575 rpm at|40 in of Hg manifold pressure;

3. 2400 rpm and record manifold pressure;

4. 2200 rpm and record manifold pressure;

5. Shut down the engine according to the shutdown procedure in B.1d.

e. If an alternate ppwer absorber is used, a similar propeller load curve shall be constructed to mepsure engine power.
The alternate dgvice selected shall allow the)engine to operate at the speeds and manifold presstres specified by the
manufacturer fof the ambient conditions present. These values and limits are contained in Bl.1d. If the engine's
performance dogs not meet the minimyum acceptable limits, it will not be considered acceptable fof use.

f. Drain the used il from the enging; oil lines, and the oil cooler. Replace the slave oil filter with a new test oil filter.
Install a fresh chiarge of test.oilhand proceed to the endurance test.

B.6.5 FAR 33.49 Endurance Test

a. The test proceduré-listed below is similar to that as described in B.1b. The test consists of sevégn portions for which
the engine is rurratvarious powet settit 1S The-totattestdurationis+56-hras-indicated-inTablte B2.

b. Use Figure B2 as a guideline to set the manifold pressure and engine speed to achieve the desired power settings.
Figure B1 shows the recommended fuel mixture setting for the desired engine speed and horsepower. Holding the
engine speed and the manifold pressure constant, adjust the fuel mixture as necessary to obtain the setting shown in
Figure B1. The fuel flow shall remain within the specified limits shown in Figure B2.

c. During 50 h of the endurance test at least one cylinder shall be operated at or above the limiting cylinder head

temperature, 260 °C (500 °F). The other cylinders shall not be lower than 28 °C (50 °F) below the limiting cylinder
head temperature. This 50 h of test time shall be conducted with the engine set at maximum continuous power and
speed. For test method consistency this phase shall take place during the last 50 h of testing at the maximum
continuous power setting. Start at test portion 4 cycle 7, as given in B.6.5d.
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d. The 50 h of test time mentioned above shall also be run with the oil inlet temperature maintained within £3 °C (5 °F)
of the limiting oil inlet temperature, 118 °C (245 °F). Adjust the cooling equipment for the engine is necessary to
achieve this temperature. If it is necessary the oil lines and sump may be insulated. The remainder of the test shall
be conducted with the oil inlet temperature of 104 °C + 3 °C (220 °F + 5 °F).

The test procedure shall be run as follows with a minimum of 1/2 h separation between cycles. The delay between

cycles is to permit evaluation of the lubricant's resistance to the formation of carbonaceous materials during static hot
soak conditions. Test data is to be recorded once during the last 5 min of each power setting in portion 1. In portions
2 through 7 record the data at approximately 15 min intervals during each power setting. Allow the engine to run for
at least 10 min after a setting change (in portions 2 through 7) before taking an instrument reading. (All horsepower

values are corre

1.

cted to sea level standard day conditions at the stated speed )

Portion 1,0
Each test cy

a. 0.0§
b. 0.0§

Portion 2, 3(
Each test cyj

a. 2.5
b. 2.5

Portion 3, 5(
Each test cy

a. 1.5

b. 05
234

Portion 4, 7(
Each test cy

a. 1.5

b. 05
229

fo 30 h (10 cycles):
cle shall include the 0.16 h (10 min) sequence as follows, repeated 18 times in a

h at maximum continuous power with maximum continuous speed (350 horsepo
h at economy cruise (210 horsepower at 2200 rpm).

to 50 h (4 cycles):
cle is 5 h run as follows:

N at maximum continuous power with maximum continuous speed (350 horsepow
n at maximum best economy cruising power (210 horsepower at 2200 rpm).

to 70 h (10 cycles):
cle is 2 h run as follows:

N at maximum continuous power with maximum continuous speed (350 horsepow

h at 75% maximum continuous power with 91% maximum continuous speed
D rpm).

to 90 h (10 cycles):
cle is 2 h run as.follows:

N at maximum continuous power with maximum continuous speed (350 horsepow

h at. 70% maximum continuous power with 89% maximum continuous speed
D fpm).

B h period:

ver at 2575 rpm).

er at 2575 rpm).

er at 2575 rpm).

(263 horsepower at

er at 2575 rpm).

(245 horsepower at

Portion 5, 90 to 110 h (10 cycles):

Each test cy

a.

cle is 2 h run as follows:

1.5 h at maximum continuous power with maximum continuous speed (350 horsepower at 2575 rpm).

b. 0.5 h at 65% maximum continuous power with 87% maximum continuous speed (228 horsepower at
2240 rpm).
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