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MILITARY SPECIFICATION
GREASE, INSTRUMENT, ULTRA-CLEAN, METRIC
This specification is approved for use

by all Departments and Agencies of the
Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the requirements for one grade of an
ultra-clean instrument grease with characteristics which permit its use from -54°C

to 121°C.
2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. Unless otherwise specified,
the following specifications, standards, and handbooks of the issue listed in that
issue of the Department of Defense Index of Specifications and Standards (DoDISS)
specified in the solicitation form a part of this specification to the extent
specified herein.

STANDARDS
FEDERAL
FED-STD-209 - Clean Room and Work Station Requirements, Controlled
Environment.
FED-STD-313 - . Material Safety Data Sheets, Preparation and Sub-
" mission of.
FED-STD-791 - Lubricants, Liquid Fuels and Related Products,
Methods of Testing.
MILITARY
MIL-STD-105 - Sampling Procedures and Tables for Inspection by
Attributes.
MIL-STD-290 - Packaging of Petroleum and Related Products.

Beneficial comments (recommendations, additions, deletions) and any pertinent data
which may be of use in improving this document should be addressed to: Systems
Engineering and Standardization Department (Code 93), Naval Air Engineering Center,
Lakehurst, NJ 08733, by using the self-addressed Standardization Document Improve-

ment Proposal (DD Form 1426) appearing at the end of this document or by letter.

FSC 9150
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2.1.2 Other Government documents, drawings, and publications. The
following other Government documents, drawings, and publications form a part
of this specification to the extent specified herein.

PUBLICATIONS
CODE OF FEDERAL REGULATIONS
49 CFR - Transportation - Hazardous Materials.

(Application for copies should be addressed to the Superintendent of
Documents, Government Printing Office, Washington, DC 20402.)

(Copies of specifications, standards, handbooks, drawings, and publications
required by manufacturers in connection with specific acquisition functions
should be obtained from the contracting activity or as directed by the
contracting officer.)

2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. The issues of the documents
which are indicated as DoD adopted shall be the issue listed in the current
DoDISS and the supplement thereto, if applicable.

ANSI Z129.1 - American National Standard for the Precautionary
Labeling of Hazardous Industrial Chemicals.

(Application for copies should be addressed to the American National
Standards Institute, 1430 Broadway, New York, NY 10018.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 942 - Oxidation Stability of Lubricating Greases by the Oxygen
Bomb Method.

ASTM D 972 - Evaporation Loss of Lubricating Greases and QOils.

ASTM D 1264 - Water Washout Characteristics of Lubricating Greases.

ASTM D 1403 - Cone Penetration of Lubricating Grease Using One-Quarter
and One-Half Scale Cone Equipment.

ASTM D 1743 - Corrosion Preventive Properties of Lubricating Greases.

ASTM D 2265 - Dropping Point of Lubricating Grease Over Wide
Temperature Range.

ASTM D 3337 - Greases in Small Bearings, Evaluation of.

ASTM D 4048 - Effect of Grease on Copper

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

(Industry association specifications and standards are generally available
for reference from libraries. They are also distributed among technical
groups and using Federal agencies.)

2.3 Order of precedence. In the event of a conflict between the text of
this specification and the references cited herein, the text of this
specification shall take precedence.
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3. REQUIREMENTS

3.1 Qualification. The grease furnished under this specification shall
be products which are qualified for listing on the applicable qualified
products 1ist at the time set for opening of bids (see 4.3 and 6.3).

3.2 Material. The grease shall consist essentially of a lithium soap, a
low temperature diester Tubricant. The composition of the lubricant shall not
otherwise be Timited except to exclude silicone oils and additives that are
not completely soluble in the base oil.

3.3 Physical properties. Physical properties of the grease shall be in
accordance with Table I.

3.4 Environment. The grease shall be formulated, processed, and packaged
in a class 100,000 environment conforming to the requirements of FED-STD-209.

3.5 Material safety data sheets. Material safety data sheets shall be
prepared and submitted in accordance with FED-STD-313. Material safety data
sheets shall also be forwarded as specified in 4.3.2. The grease shall have
no adverse effect on the health of personnel when used for its intended
purpose. Questions pertinent to this effect shall be referred by the
contracting activity to the appropriate departmental medical service who will
act as an advisor to the contracting agency (see 4.3.2 and 6.2.1e).

3.6 Workmanship. The grease, when examined visually, shall be a smooth
and homogeneous mixture, free from lumps, abrasive materials, crystals, and

extraneous material.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the performance
of all inspection requirements as specified herein. Except as otherwise
specified in the contract or purchase order, the contractor may use his own or
any other facilities suitable for the performance of the inspection
requirements specified herein, unless disapproved by the Government. The
Government reserves the right to perform any of the inspections set forth in
the specification where such inspections are deemed necessary to assure
supplies and services conform to prescribed requirements.

4.2 Classification of inspections. The inspection requirements specified
herein are classified as follows:

a. Qualification inspection (see 4.3).
b. Quality conformance inspection (see 4.4).

4.3 Qualification inspection. Qualification inspection shall consist of
a review of the manufacturer's test report (see 4.3.2) to determine that the
qualification inspection sample (see 4.3.1) complies with all the requirements
for the physical properties specified in Table I when tested in accordance
with the inspection methods specified in Table II and 4.6.3 through 4.6.3.2.

3
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4.3.1 Qualification inspection sample. The qualification inspection
sample shall consist of 2.5 kg of grease. The sample shall be forwarded to
the Aircraft and Crew Systems Technology Directorate, Code 60612, Naval Air
Development Center, Warminster, PA 18974, The sample shall be plainly
identified by a securely attached durable tag or label marked with the
following information: :

Sample for qualification inspection.

GREASE, INSTRUMENT, ULTRA-CLEAN

Name of manufacturer.

Product code number.

Batch number.

Date of manufacture.

Submitted by (name) (date) for qualification inspection in accordance
with MIL-G-81937A under authorization of (reference authorizing
Tetter) (see 6.3).

4.3.2 Test reports. Two copies of the manufacturer's test report,
containing complete test data showing that material submitted for
qualification conforms to the requirements of this specification, shall be
submitted with the qualification sample. Location and identity of the plant
which produced the sample tested shall also be supplied. Material safety data
sheets shall be prepared in accordance with FED-STD-313 (see 3.5) and submitted
to the qualifying laboratory (see 4.3.1).

4.3.3 Retention of qualification. In order to retain qualification of a
product approved for listing on the Qualified Products List (QPL), the
manufacturer shall verify by certification to the qualifying activity, that
the manufacturer's product complies with the requirements of this .
specification. The time of periodic verification by certification shall be in
two-year intervals from the date of original qualification. The Government
reserves the right to re-examine the qualified product whenever deemed
necessary to determine that the product continues to meet any or all of the
specification requirements.

4.4 Quality conformance inspection. The quality conformance inspection
of the grease shall consist of tests of samples from 4.4.2.2 in accordance
with Table III and an examination of samples from 4.4.2.1 for conformance with
4.6.1. Samples shall be labeled completely with the information identifying
the purpose of the sample, name of product, specification number, lot and
batch number, date of sampling and contract number. '

4.4.1 Lot formation. A lot shall consist of all the grease produced by
one manufacturer, at one plant, from the same materials and under essentially
the same conditions, provided the operation is continuous and does not exceed
a 24 hour period. In the event the process is a batch operation, each batch
constitutes a lot (see 6.4).

4.4.2 Sampling.

4.4.2.1 For examination of filled containers. A random sample of filled
containers, fully prepared for delivery, shall be selected from each lot of
grease in accordance with MIL-STD-105, inspection level II with an acceptable
quality level (AQL) of 2.5 percent defective.

4
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4.4.2.2 For tests. The sample for tests shall consist of a 0.25 kg
sample of grease taken at random from each lot of grease. The lot shall be
unacceptable if the sample fails to comply with any of the tests specified in
Table III and 4.6.3 through 4.6.3.2.

4.5 Inspection conditions.

4,5.1 Test conditions. Test conditions shall be in accordance with 4.6
and the physical values specified in Table I apply to the average of
determinations made on the sample. Unless otherwise specified, all tests
shall be conducted on unworked grease.

4.6 Methods of examinations and tests.

4.6.1 Examinations. Each of the filled containers selected in accordance
with 4.4.2.1, shall be examined for defects of the container and closure, for
evidence of leakage and for unsatisfactory markings to determine conformance
with 5.1 and 5.2. Each sample container shall also be weighed to determine
the amount of contents. If the number of defective containers exceeds the
acceptance number of the sampling plan specified in 4.4.2.1, the lot shall be

rejected.

| 4.6.2 Tests. Tests shall be performed in accordance with Table II and
4.6.3 through 4.6.3.2 to determine conformance with the requirements specified

in 3.3.

4.6.3 Low temperature torque.

4.6;3.1 Apparatus. A suitable torque test apparatus assembly is
illustrated in Figure 1. It consists of the components described as follows:

a. Low temperature box. Use a well insulated cold box of at least
0.03 cubic meters interior size, in which the temperature can be
controlled and maintained within £ 0.5°C of the -54°C test
temperature. Baffles shall be used, if necessary, to prevent
direct radiation between the test bearing and the cooling
medium. The drive mechanism can be mounted externally as shown
schematically in Figure 2. MWhen the drive is mounted
externally, the temperature, measured at a point on the surface
of the test shaft between the test bearing and the wall of the
box, shall be not more than 0.5°C above the test temperature.

b. Bearing. Select an R4A4 size open ball bearing containing eight
balls separated by a two piece pressed steel cage, and
manufactured to ABEC-1 tolerances. After having been cleaned
and dried, the bearing shall show no roughness or catching when
rotated between the fingers while applying a light pressure
axially and then radially, Lubricate the bearing with an oil
having a viscosity of five centistokes at 99°C. Determine the
running torque at room temperature, and note the maximum running
torque peaks. The average shall not exceed 0.0005 Nm, and no
peak should be measured over 0.001 Nm. If values fall below
these 1imits, the bearing is suitable for the grease torque test.

5
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Drive Assembly. As shown in Figure 2, the test shaft shall
receive the test bearing against a shoulder no higher than the
inner race shoulder of the bearing. A spacer washer of the same
diameter along with a lock nut shall be used to clamp the inner
ring of the test bearing to the 1 rpm shaft.

Housing. Use a balanced low temperature torque bearing housing
and load disc made in accordance with Figure 3.

Torque measuring equipment. Consisting of a calibrated
dynamometer scale with a 203 mm (eight inch) face and a zero to
0.45 kg range.

Grease cup and spindle. As shown in Figure 4.

4.6.3.2 Procedure. The procedure shall be as follows:

a.

Wash the selected test bearing thoroughly in a suitable
petroleum solvent and rinse with grease analysis naphtha or
petroleum ether. Dry the bearing for at least five minutes in a
warm oven (not over 99°C). Permit the bearing to cool to room
temperature before proceeding.

Mount the clean, dry bearing on a hand spindle (Figure 4),
fastening the inner race by means of the washer and screw. Fill
the grease cup (Figure 4) about three fourths full with the test
grease, using a clean, steel spatula.

Force the bearing down into the grease while rotating the inner
ring and spindle sTowly to insure working the grease into all
parts of the bearing. MWhen the bearing bottoms in the cup, take
it out and remove it from the spindte. Turn the bearing end for
end and refasten it to the spindle. Repack the excess grease
into the grease cup. Again, force the bearing into the cup
until i1t bottoms. Remove the spindle and bearing as a unit.
Scrape the excess grease off flush with the sides, filling any
visible voids and then remove the spindle. Care should be taken
not to rotate the bearing at any time after striking the grease
flush and prior to measurement of the starting torque.

Insert the packed bearing into the test housing and fasten the
clamp cap over the bearing.

With the low temperature box prechilled to the test temperature,
open the box and slide the test bearing and housing over the end
of the test shaft. Fasten it with the washer and nut tightly
enough to prevent slippage.

Saturate a string with silicone oil to prevent absorbed moisture
from stiffening it at the test temperature. Hang the string
from the hook of the dynamometer scale and attach the other end
of the string under the head of the screw on the periphery of
the housing. Rotate the test shaft until the stack in the
string from the dynamometer scale is taken up. The screw on the

b
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periphery must then be at least 90 degrees down from vertical.
More than 90 degrees will be satisfactory, provided the string
does not slip off the periphery of the housing.

g. Close the box and resume the test temperature. Maintain this
temperature within + 0.5°C for two hours. During this time the
bearing must not be disturbed or the test will be invalid.

h. Check the torque string to be sure it is free of ice and not
stuck to the box. Closing the hole with a split rubber stopper
during the chilling will help to keep the string and passage
free of ice from moisture laden air. Remove the stopper prior
to the run.

i. Start the drive motor, watching the dynamometer indicator. Note
the maximum reading reached. This will occur within a few
seconds after start of rotation. Determine the starting torque
using the following equation:

T = 454D x 2.859 cm

Where:

Torque in gram-centimeters

I
D = Dynamometer reading in pounds

j. Continue the rotation of the test shaft for one hour, at the end
of which time note the average dynamometer reading for a period
of 15 seconds. Determine the running torque using the above

equation.

5. PACKAGING

5.1 Preservation and packing. The grease shall be preserved and packed
in accordance with MIL-STD-290. The type and size of the containers and the
level of preservation and packing shall be specified by the acquiring activity
(see 6.2.1). Tubes used to package the grease must be either pre-cleaned or
certified to be clean and tube material must be compatible with the grease.

5.2 Marking. All unit, intermediate and shipping containers shall be
marked in accordance with MIL-STD-290 and Title 49 of the Code of Federal
Regulations and any other additional special markings specified by the
acquiring activity (see 6.2.1f). All unit and intermediate packs of toxic and
hazardous chemicals and materials shall also be labeled in accordance with the
applicable laws, statues, regulations or ordinances, including Federal, State,
and Municipal requirements. In addition unit or intermediate containers,
including unit containers that serve as shipping containers, suth as pails and
drums, shall be marked with the applicable precautionary information detailed
in ANSI 7129.1.
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6. NOTES

6.1 Intended use. The grease covered by this specification is intended
to be used for the Tubrication of bearings in instruments and related
components such as synchros and gyros. It is ideally suited for bearings
having small tolerances with respect to clearance.

6.2 Ordering data.

6.2.1 Acquisition requirements. Acquisition documents should specify the
following:

a. Title, number and date of this specification.
b. Quantity desired.
c. Size and type of container for grease (see 5.1).

d. Applicable levels of preservation and packing and other options
(see 5.1) .

e. Specify FAR Clauses 7-104.98 and 1-323.2.
f. Any special markings required (see 5.2).

6.3 Qualification. With respect to products requiring qualification,
awards may be made only for products which are, at the time set for opening of
bids, qualified for inclusion in Qualified Products List (QPL-81937) whether
or not such products have actually been so listed by that date. The attention
of the contractors is called to these requirements, and manufacturers are
urged to arrange to have the products that they propose to offer to the
Federal Government tested for qualification in order that they may be eligible
to be awarded contracts or purchase orders for the products covered by this
specification. The activity responsible for the Qualified Products List is
Commander, Naval Air Systems Command, Attn: AIR-5304C1 Washington, DC 20361;
however, information pertaining to qualification of products and letter of
authorization for submittal of sample may be obtained from the Aircraft and
Crew Systems Technology Directorate, Code 60612, Naval Air Development Center,
Warminster, PA 18974.

6.3.1 Qualification information. It is understood that the grease
furnished under this specification subsequent to final approval should be of
the same composition and shall be equal to products upon which approval was
originally granted. In the event that the grease furnished under contract is
found to deviate from the composition of the approved product, or that the
product fails to perform satisfactorily, approval of such products will be
subject to immediate withdrawal from the Qualified Products List.
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6.4 Batch. A batch is defined as that quantity of material which has
been manufactured by some unit chemical process and subjected to some physical
mixing operation intended to make the final product substantially uniform.

6.5 Changes from previous issue. Asterisks are not used in this revision
to identify changes with respect to the previous issue due to the
extensiveness of the changes.

Preparing activity:

Custodians:
Army - ME Navy - AS
Navy - AS
Air Force - 20 (Project no. 9150-0620)

Review activities:
Army - AV, AR, SM

Navy - SH
Air Force - 99
DLA - PS, GS

User activities:
Navy - OS



Downloaded from hifg:/mmwiw.éveryspec.com

TABLE I.

Physica] properties.

Characteristics

Limits

Odor

Dropping point, °C, minimum

Penetration (1/4 scale):
Unworked, minimum
Worked

Particulate contamiration per cubic centimeter of
grease, maximum: 1/
10 micrometers or larger
35 micrometers or larger

Oxidation, stability:
Bomb oxidation, pressure drop, MPa, maximum:
in 100 hours
in 500 hours

Corrosiveness (copper strip), maximum 2/

Water resistance, at 40° + 1°C, percent
maximum 3/

Evaporation, percent, weight loss in 22 hours at
121° + 0.6°C, maximum

0il separation, percent, weight loss in 30 hours,
max imum

Low temperature torque:
Starting, Newton meters (Nm) (gram-cm), maximum
Running (after 60 minutes), at -55°C, NM
(gram-cm), maximum

High temperature performance, hours, at 127° + 1°C,
minimum

Gear wear, mg/1,000 cycles, maximum:
under 2.3 kg load
under 4.5 kg load

Rust preventative properties 4/
Storage stability, penetration:

Unworked, minimum
Worked (change from original), maximum

No unusual or objectionable
odor of rancidity, perfume

_ or_free alcohol

177

45
60-75

1,000
None

0.0207
0.0689

b
20

2.5

0.010 (102)
0.003 (30.6)

65

w N
(S8,

pass

45

10
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TABLE I. Physical properties. - Continued

The grease shall not contain dirt, crystals, lumps, or particles of
gelling agent exceeding the limits. The particle size shall be measured
along the largest dimension of the particle.

The grease shall show no green color in that portion contacting the copper
strip. The copper strip shall not tarnish more than a classification of
1b when compared with the ASTM copper strip corrosion standards.

After the water washout period, the grease on the bearing shall remain
homogeneous without visual evidence of degradation.

The grease coated bearings shall show no pitting, etching, discoloration
or corrosion in excess of three small spots per bearing.

TABLE II. Inspection methods.

Method
Test

FED-STD-791 ASTM
Dropping point - D 2265
Penetration - D 1403
Particulate contamination 1/ 3005 -
Bomb oxidation _ - | D 942
Corrosiveness (Copper strip) - D 4048
Water resistance - D 1264
Evaporation - - D 972
0il separation 321 -
High temperature performance 2/ - D 3337
Gear wear 335 -
Rust preventive properties - D 1743
Storage stability 3/ 3467 N -

11
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TABLE II. Inspection methods. - Confinued

Shall be determined in a class 100,000 environment conforming to
FED-STD-209.

A class 100,000 environment conforming to the requirements of FED-STD-209
shall be used when packing the test bearing. Pack the bearing with a
total quantity of 0.070 + 0.005 ml of grease taken from the "as received"
sample. Do not screen the grease through the specified 40 micrometer
retention filter.

Two one-quarter scale grease worker cups (ASTM D 1403) shall he filled
with the grease sample; one struck flush with the tip of the cup for
unworked penetration; and the second filled with additional quantity of
grease to insure sufficient sample to conduct the worked penetration. The
cups shall be stored in an oven at a temperature of 40 + 2°C for six
months subsequent to original unworked and worked penetration in
accordance with ASTM D 1403.

TABLE III. Quality conformance tests.

Paragraph

Inspection Requirement Test method
Odor 3.3 4.6.2
Dropping point » , 3.3 4.6.2
Penetration _ 3.3 4.6.2
Particulate contamination 3.3 4.6.2
Bomb oxidation (100 hrs only) 3.3 4.6.2
Corrosiveness (Copper strip) 3.3 4.6.2
Evaporation 3.3 4.6.2
0il1 separation 3.3 4,6.2
Low temperature torque 3.3 4,6.3
Examination of filled con- 5.1 and 5.2 4,6.1
tainers

12
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8" FACE DIAL TYPE
SPRING SCALE O TO 5 LB RANGE

CONNECTING STRING
(APPROX 15 LB TEST)

' COLD BOX
GEAR REDUCTION o /

TO GIVE 1 RPM
ON OUTPUT SHAFT

1/4 HP MOTOR N\\\!;____

TEST JIG

FIGURE 1. Torque test apparatus assembly.

13
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NON-METALLIC SEPARATOR

[CO

1 RPM TEST
SHAFT

1/4 HP MOTOR LOAD DISK

1725 RPM

(FULL LOAD) ]

X X TEST BEARING

GEAR REDUCTOR HOUS NG
1740/1 RATIO

ZfLOW TEMPERATURE BOX

FIGURE 2. Torque test drive.

14
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NO. 6-32 TAP THRU

2 HOLES ON 1 INCH B C

LOCATE FROM CLAMP CAP (D) 13/64 DIA 3 HOLES
13/64 DIA 3 LOCATE FROM

HOLES 120° APART BEARING HOUSING (D

T053 (@ 1.0AD DISK

¥ i 5/16 : MATERIAL - CORROSION
3/16 1/16 g RESISTANT STEEL 3 REQ'D
NO. 2-64 TAP

3/16 DEEP, 1 HOLE

() BEARING HOUSING SIDES MUST BE PARALLEL 3/16
HATERIAL — AND SQUARE WITH BORE 20 NC-3 THREAD

STEEL SAE

10 __f[of c \QY - & 000 A
1 REQ'D (AR AXN Tl e T
NO. 10 (0.1935) 1/24 F3/4 3/16
DRILL 2 HOLES 3-5/8 DIA
(@ ROD MATERTAL - CORROSION RESISTANT STEEL
3 REQ'D
= 032 (® CAP SCREWS (NOT SHOWN)
| ' NO. 6-32 x 1/4 SOCKET-HEAD-STEEL
IHEREH . 2 REQ'D CHROME PLATED
—
(® CLAMP CAP MATERIAL - (®HEX NUTS (NOT SHOWN)
STEEL SAE 4140 1 REQ'D 10~32 (1/8 THICK)-CORROSION RESISTANT
KOTES : STEEL 12 REQ'D

1. DIMENSIONS IN INCHES, UNLESS OTHERWISE SPECIFIED,

2. REMOVE ALL SHARP CORNERS AND POLISH.

3. BALANCE ASSEMBLY, REMOVING MATERIAL FROM FACES OF BEARING HOUSING. (PART 1).
4. DISTANCE BETWEEN BEARING HOUSING AND LOAD DISK IS 2.687 + .05 IN.

5. LOAD DISK SHALL BE PARALLEL WITH BEARING HOUSING WHEN ASSEMBLED.

FIGURE 3. Low temperature torque bearing housing and load disk details.

15
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: 1/4 DIA— DRILL AND TAP FOR
NO. 6-32 x 3/8 FLAT

1/4 DIA 1/16 16 DIA HEAD SCREW
‘—3/32 RAD | 7/16 DIA

&l Y
( - - - N

| ! X

1/16 RAD l '3/32,’ L
.235
3-3/4 DRILL 1/8 THRU

COUNTERSINK 5/16 x 82°

BEARING MATERIAL -~ BRASS OR STEEL

DIMENSIONS IN INCHES
UNLESS OTHERWISE SPECIFIED

15/16 DIA—W

\ AW
|
13/16 DIA

L h

- 1/2

A

t— 3 /(,—

—-I e-1/16 x 1/16

/s GROOVE

DRILL 3/32 THRU
DRILL 3/8 x 1/8 DEEP

GREASE CUP MATERIAL - BRASS OR STEEL

DIMENSIONS IN INCHES, UNLESS OTHERWISE SPECIFIED,

FIGURE 4.

Grease cup and spindle.
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