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FOREWORD

1. NAVORD OD 3000, Fourth Revision, covers materials and methods used

in the lubrication and hydraulic systems of naval ordnance equipment. Informa-
tion is given on lubricants, preservative materials, coolants, cleaning mate-
rials, and fluids used in power transmission, buffers, recoils, counterrecoils,
and damping devices,

2. This publication is intended as a general guide for personnel concerned
with the use of the various materials under both normal and extreme climatic
conditions, and the selection of materials to be designated on lubrication charts
in accordance with NAVORD OSTD 50. Current specifications and stock num-
bers are included. The information contained herein supplements, but does not
replace, current instructions for specific equipment, This publication does not
cover conditions of exposure to nuclear radiation, nor the remedies for such
conditions.

3. This publication supersedes NAVORD OD 3000, Third Revision, which
should be destroyed.

4, The Naval Ordnance Systems Command invites constructive comments and
eriticisms from all concerned, in order to make this publication more useful.
Comments should be forwarded to Commanding Officer, Naval Weapons Services
Office (NAVWPNSERVO) Code SSS, Philadelphia Naval Base, Philadelphia,
Pennsylvania 19112,
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Chapter 1

INTRODUCTION

1.1 PURPOSE.

The purpose of OD 3000 is to serve the user
as a general reference for the description,
selection and application of lubricants, hydrau-
lic fluids, coolants, and related products in the
maintenance of naval ordnance. If also pro-
vides guidance for operating personnel in
cleaning and preservation of equipment in ac-
tive service or in standby condition,

1.2 SCOPE.

This publication covers lubricants (oil,
greases and antiseize compounds), hydraulic
fluids (power transmissions and recoil),
cleaners, coolants, and materials used for
normal operating conditions. General infor-
mation is also given on lubrication equipment,
hydraulic, buffer, recoil, counter-recoil, and
damping systems, with related data on opera-
tion and maintenance under normal and extreme
climate conditions,

1.3 APPLICATION.

1.3.1 IN DESIGN. This publication provides
data useful to the designer in selecting the
proper lubricants, hydraulic fluids, and other
materials, in identifying them in accordance
with the Federal Supply Catalog and applicable
specifications, and in showing how they are
related to the lubrication charts. Instructions
for the use of the materials are also provided.
Essential properties of the materials and the
conditions and limitations under which they are
used are given in the text and tables., These
conditions include temperature ranges, maxi-
mum permissible loads and unfavorable oper-
ating environments. Brief descriptions of
certain types of equipment are given to provide
general information on the principles involved,
however, the selection of new or improved
types of equipment on the basis of sound engi-
neering principles is not to be limited in any
way by these descriptions. The applications of
lubricants and other materials given in this
publication are intended only as examples of
the type of application in which the materials
may be utilized,

1.3.2 IN OPERATION. Instructions for the
operational maintenance of equipment are in-
cluded. These instructions cover the proce-
dures for applying lubricants and for filtering
and replacing oils or hydraulic fluids, They
also include procedures for performing any
required tests in connection with the applivation
of these products. The information in the
publication is not intended to replace instruc-
tions furnished by the manufacturer and ap-
proved by NAVORDSYSCOM for operational
maintenance of any equipment. To determine
the required lubricant or other material for a
particular application, refer to the applicable
lubrication chart and/or instructions covering
the equipment.

1.4 LIMITATIONS ON THE USE OF ALTER-
NATE AND SUBSTITUTE MATERIALS.

1.4.1 ALTERNATE MATERIAL. As usedin
this publication, the term "alternate material”
refers to a material which may be used when a
specified material is not available. Lubrica-
tion charts or instructions may indicate alter-
nates and specify the conditions and limitations
under which they may be used.

1.4.2 SUBSTITUTE MATERIAL. A substitute
material may be used only if the specified
material, or an alternate is not available. Use
of substitutes should always be temporary; they
must be replaced by the specified or alternate
material as soon as either becomes available,

1.4.3 EMERGENCY SUBSTITUTE. Emergency
substitute materials generally differ in many
respects from the specified or authorized
material and should be used only in an emer-
gency. They must be replaced by specified
materials or alternates as soon as either be-
comes available,

1.5 REFERENCED DOCUMENTS.

The following is a list of documents [or
additional information on the subjects covered:

Federal Test Method Standard 791 - Lubri-
cants, Liguid Fuels and Related Products;
Methods of Testing

1-1
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Department of Defense Index of Specifications
and Standards -

Part I, Alphabetical Listing; Part I, Numeri-
cal Listing

Military Standards MS 15000 to MS 15006 -
Fittings, Lubrication (Hydraulic)

Bureau of Ships NBS431 - Lubricants, General
Information, Requirements and Test
Methods Relating to Qualification of Military
Symbol Oils

MIL-STD-838 - Military Standard Lubrication
of Military Equipment

OP 400 - General Instructions for the Design,
Manufacture, and Inspection of Naval Ord-
nance Equipment

OF 1105 - Preservation and Preservation
Maintenance of Ordnance Equipment in
Shore Storage

OF 1208 - Instructions for the Inactivation,
Maintenance, and Activation of Ordnance in
Vessels in Inactive Status

ANA Bulletin No. 275 - Guide for Selection of
Lubricants, Fluids, and Compounds for Use
in Flight Vehicles and Components

Navy Stock List of General Stores:

FSC Group 68 - Chemicals and Chemical
Products

FSC Group 79 - Cleaning Equipment and
Supplies

FS8C Group 80 - Brushes, Paints, Sealers,
and Adhesives

FSC Group 91 - Fuels, Lubricants, Oils
and Waxes

NAVORD OP 0 - Index of Naval Ordnance
Systems Command

MIL=-STD=-33 - Lubrication Instructions,
Preparation and Presentation of

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



Chapter 2

SPECIFICATIONS AND STOCK NUMBERS FOR MATERIALS

2.1 SPECIFICATIONS.

Most materials used in military equipment
are purchased under Federal or Military Speci-
fications. These supersede all other types of
specifications, including those formerly issued
by the Army, the Navy, the Air Force, or any
of their separate Corps, Bureaus, or other
activities. Table 2.1 lists materials used in
lubrication and hydraulic systems, including
oils, greases, solid film lubricants, antiseize
compounds, hydraulic fluids, coolants, anti-
freeze compounds, and specialty compounds,

Table 2. 2 lists superseded or replaced
specifications and designations for materials,
with the superseding Federal and Military
Specifications, to aid in locating materials re-
ferred to by their old specification numbers in
publications and on equipment. Table 2.3 lists
the Military and NATO symbols appearing on
the Lubrication Chart.

The Department of Defense Index of Specifi-
cations and Standards lists the unclassified
Federal, Military and Departmental Specifica-
tions, Standards, and related standardization
documents and those Industry documents which
have been coordinated for DOD use. This index

provides the following specification information:

preparing activity, date of latest issue, desig-
nation of custodian, activities concerned, ex-
tent of coordination, the latest revision or
amendment and its date. The latest revision
or amendment includes all changes made up to
date of issue except in Federal Test Method
Standards, for which all amendments are re-
gquired. Specifications for which Qualified
Products Lists are required are indicated by
the symbol "Q" to the left of the specification
title. Further, in the cancelled section of the
index under column headed '"Date, " the date
listed is normally the date of cancellation,

2.2 STOCK NUMBERS.

Stock numbers for many of the available
specification materials referred to in this pub-
lication are listed in the Navy Stock List of
General Stores, which is now part of the Fed-
eral Supply Catalog (FSC). Maost of these
materials are found in the following sections of
the Navy Stock List:

FSC Group 68 - Chemicals and Chemical
Products

FSC Group 91 - Fuels, Lubricants, Qils,
and Waxes

Table 2.1 lists the current stock numbers
together with the type and size of container
carried in stock. Most of the current stock
numbers are from the Navy Stock List of Gen-
eral Stores issued in accordance with the
Federal Standard Catalog system.

2.3 ALTERNATE LUBRICANTS FOR MILI-
TARY SYMBOL OILS.

The general purpose military symbol oils
covered by Military Specifications MIL-L-
15016 and MTL-L-15017 have been declared
obsolete for use on equipment under the cogni-
zance of the Naval Ships System Command
(NAVSHIPS). NAVSHIPS has submitted higher
quality, additive-containing oils for pure
(uninhibitor) straight mineral oils to simplify
shipboard petroleum logistic problems. Table
2.4 lists alternate oils for the military symbol
oils which are still specified for use on ord-
nance equipment, Permission to use these
alternates on ordnance equipment should be ob-
tained from the cognizant in-service engineer-
ing activity. Initial correspondence can be
directed to Naval Air Development Center
(NADC), Aero Materials Department, Code
MAEX, Johnsville, Pennsylvania 180974,
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NAVORD OD 3000 (FOURTH REVISION)

Table 2.1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

CURRENT
i SPECIFICATION|  CURRENT CONTAINER
OR NUMBERS SIZE AND TYPE
DESIGNATION
Antiseize Compounds:
Antiseize Compound, High Tem- MIL-A-9207 8030-251-3980 1-1b can or
perature plastic tube
: 8030-286-5453 5-1b can
Antiseize Compound, White Lead TT-A-580 8030-526-2522 5-1b can
Base, General Purpose (For 8030-209-8005 1/2-pt can
Threaded Fittings)
Tape, Antiseize, Polytetrafluoro- MIL-T-27730 8030-889-3535
ethylene, with Dispenser
Thread Compound, Antiseize, MIL-T-5544 8030-087-8630 1-1b can
Graphite-Petrolatum
Thread Compound, Antiseize, Zinc MIL-T-22361 8030-292-1102 B-oz tube
Dust-Petrolatum
Cleaning Compounds:
Chromium Trioxide, Technical 0-C-303 6810-893-T7465 1-1b bottle
(Chromic Acid) {crystal)
6810-174-1818 1-1b bottle
{flake)
6810-264-6517 5-1b can (flake)
6810-264-3939 100-1b drum
(flake)
Cleaning Compound, Aluminum,
Non-Flame-Sustaining Type I MIL-C-5410 6850-628-T249 1-gt can
Type II 6850-282-6770 5-gal carboy
Cleaning Compound, Solvent, for MIL-C-372 6850-224 -6658 1-qt can
Bore of Small Arms and Auto- 6850-224-6663 1-gal can
matic Aireraft Weapons 6850-249-8029 S-gal can
6850-T753-4806 55-gal drum
Cleaning Compound, Solvent,
Grease Emulsifying Type 1 P-C-444 6850-559-2837 G-gal can
6850-559-2836 55-gal drum
Type 11 6850-559-2838 1-gal can
6850-285-6056 5-gal can
6850-550-2835 55-gal drum
Cleaning Compound, Solvent, Grease| MIL-C-20207 6850-292 -9700 5-gal pail
Removal, Heavy Duty 6850-292-9T701 55-gal drum
Cleaning Compound, Water MIL-C-22543 T930-826-0818 5-gal can
Emulsion 7930-821-3924 50-55-gal can
Corrosion Preventive Compound, MIL-C-161173 8030-634-T7326 1-gt can
Solvent Cutback, Cold Appli- 8030-244-1296 | 1-gal pail
cation 8030-244-1293 5-gal pail
8030-244-1294 55-gal drum
Corrosion Preventive, Finger MIL-L-15074 8030-281-2338 1-gal can
Print Remover 8030-252-8300 5-gal can
8030-252-8301 55-gal drum
Dry Cleaning Solvent P-D-680 6850-264-9038 5-gal pail
6850-285-8012 55-gal drum
Ethyl Alcohol (For Ordnance Use) MIL-E-463 6810-264-6614 1-gal can
Grade 1 6810-264-6615 5-gal can

2-2




SPECIFICATIONS AND STOCK NUMBERS

Table 2,1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

(Continued)
CURRENT
el SPECIFICATION a‘:gggg}?ﬂr CONTAINER
OR NUMBERS | STZE AND TYPE
DESIGNATION
Cleaning Compounds: (Continued)
Fuel Qil, Diesel, Marine MIL-F-16884 9140-273-2377 Bulk
9140-255H-T764 b-gal can
| 9140-273-2378 | 55-gal drum
Inhibitor, Corrosion, Liguid 0-1-490 E850-753-4967 | G-oz can
Cooling System
Isopropyl, Alcohol, Type A TT-1-T735 6810-286-5435 | 1-gal can
| GB10-543-T915 55-gal drum
Kerosene VV-K-211 | 9140-242-6748 | Bulk
! 9140-242-6748 d-gal can
[ 9140-242-6751 | 55-gal drum
Metal Conditioner and Rust MIL-M-10578 |
Remover (Phosphoric Acid Base)
Type I (Wash off) $850-270-5551 | 1-gal can
GB50-656-1281 | 5-gal plastic
drum
Type II (Wipe off) 6850-174-06T2 | 1-gal bottle
GES0-656-1292 | 5-gal plastic
drum
Type III (Inhibited) 6850-201-1218 | 1-gal bottle
6850-B54-T952 | 5-gal plastic
drum
Type V (Immersion Tank) 6850-686-1012 | 15-gal plastic
drum
Metal Cleaner, Silicate Soap MIL-M-T752 6850-9786 50-1b can
6850-663-2573 | 400 to 450-1b
drum
Remover, Paint (Alkali Type for TT-R-230 8010-227-1694 | 400-1b drum
Hot Application)
Remover, Paint and Varnish MIL-R-T7751 BO1D-168-T081 | 450-1b drum
BOLD-238-3757 45-1b drum
Soap, Laundry Bar P-5-581 7020-126-0801 | Case (60 1-1b
bars)
7940-065-4868 | Case (120 1/2-1b
bars)
Sodium Carbonate, Anhydrous, 0-5-571 EE810-262-B587 | 25-1b drum
Technical 6810-230-5400 | 5-1b box
Sodium Hydroxide, Technical 0-5-598 §810-174-6581 | 100-1b drum
6810-270-8177 13-0z can
Sulphuric Acid, Technical O-5-809 §310-227-1845 | 5-pt bottle
BEL0-286-6022 | 200 to TH50-1b
drum
1,1, 1-Trichloroethane, Technical Q-T-620 | 6B810-664-0273 | 1-pt can
| 6810-292-9625 | 1-gt can
| 6810-664 -0387 1-gal can
6810-664-0388 | 5-gal can
| ©§810-551-1487 | 55-gal drum




NAVORD OD 3000 (FOURTH REVISION)

Table 2.1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

{Continued)
CURRENT
CURRENT
TITLE SE ECIFS%"‘“DN STOCK CONTAINER
DESIGNATION NUMBERS SIZE AND TYPE
Cleaning Compounds: (Continued)
Trichlorethylene, Technical: 0O-T-634
Type II 6810-678-4418 | 1-gal can
6810-985-T217 Bulk
G810-184-4794 5-gal drum
6810-184-4800 | 55-gal drum
Coolants and Antifreeze Compounds:
Alcohol; Ethyl Specially Denatured:
Type 1 MIL-A-6091 6810-250-6808 b-gal can
6810-241-3515 | 55-gal drum
(18 gage)
Antifreeze, Ethylene Glycol, 0-A-548 6850-243-1992 | 1-gal can
Inhibited 6850-224-8730 | 5-gal can
6850-243-1990 | 55-gal drum
Anti-Icing and Deicing-Defrosting MIL-A-B243 6310-582-4685 | Bulk
Fluid
Compound, Antifreeze, Arctic Type MIL-C-11755 6810-174-1806 | 55-gal drum
Ethanolamines (Monoethanolamine,
diethanolamine and triethanol-
amine), Technical Type 1 MIL-E-50011 6810-270-6207 | 55-gal drum
Ethyl Alcohol (Ethanol); Denatured 0-E-T760
Alcohol Grade I 6810-865-2914 | 5-gal can
6810-865-2915 | 55-gal drum
Grade I11 6810-543-T415 l-gal can
6810-201-0907 | 5-gal can
6810-201-0904 | 55-gal drum
Damping Fluid:
Fluid, Damping, Ester Base, MIL-F-16929 9150-531-6968 1-gt can
Class A 9150-531-6969 | 5-gal can
9150-543-7709 | 1-pt bottle
Damping Fluid, Silicone Base VV-D-001078
(Dimethyl Polysiloxane)
Viscosity Grades in Centistokes
at T7T°F 0.651 9150-550-7000 | 3/4-1b can
2.0l 9150-754-2600 | 3/4-1b can
10.0 9150-607-0897 | 1-pt can
20.0 9150-543-7219 | 1-pt can
50.0 9150-664-0047 | 1-pt can
100 9150-269-8246 | 1-pt can
200 9150-584-3134 | 1-pt can
500 9150-024-9621 | l-pt can
1,0001 9150-721-9557 | 1-pt can
5,000 9150-664-3829 | 1-pt can
7,500 9150-292-9608 | 1-pt can
12,500 9150-024-9624 | 1-pt can
20, 000’ 9150-257-5434 | 1-pt can
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SPECIFICATIONS AND STOCK NUMBERS

Table 2.1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

(Continued)
CURRENT
it SPECIFICATION cgggg:l?'r CONTAINER
OR NUMBERS SIZE AND TYPE
DESIGNATION
Damping Fluid: (Continued)
40, 0001 9150-864-4973 | 1-pt can
60, 000 9150-261-8326 | l-gal can
100, 0001 9150-292-9609 | 1-pt can
200, 0001 9150-286-8088 | 1-pt can
Greases:
Grease, Aircraft, General Purpose Ilu![]_fL-_'l_}-'i”i'll-E 9150-257-5361 | 1-lb can
9150-190-0893 | 5-1b can
= 0150-269-8374 | 35-1b can —
Grease, Aircraft, Fuel and Qil MIL-G-27617 9150-961-8985 | B-oz tube
Resistant
Grease, Aircraft, General Purpose, | MIL-G-81322 9150-944-8953 | 1-Ib ean
Wide Temperature Range 9150-935-5851 | 35-lb can
Grease, Aircraft and Instrument, MIL-G-23827 9150-985-T243 | 1-oz tube
Gear and Actuator Screw 9150-985-7245 | B-oz tube
9150-985-7246 | 1-1b can
9150-985-T247 | 5-1b ean
9150-985-T7248 | 35-1b pail
Grease, Automotive and Artillery MIL-G-10924 9150-190-0904 | 1-1b can
9150-190-0907 | 35-1b pail
9150-530-7369 | 120-lb drum
Grease, Ball and Roller Bearing MIL-G-18709 9150-526-4205 | 1-lb can
9150-663-9795 5-1b can
Grease, Ball and Roller Bearing MIL-G-25013 9150-141-6770 | 1-1b can
9150-985-7316 | 1-1b can
Grease, General Purpose MIL-G-23549+"| 9150-823-8047 | 35-1b pail
9150-985-T7316 | 1-lb can
Grease, Molybdenum Disulfide MIL-G-21164 9150-754-2595 | 1-lb can
Grease, Pneumatic System MIL-G-4343 9150-269-8255 | 1-lb can
Grease, Plug Valve Type I MIL-G-6032 9150-180-0926 | B-oz can
9150-257-5360 | 1-1b can
Grease, Wire Rope - Exposed Gear MIL-G-18458 9150-530-6814 | 35-1b pail
9150-530-6813 120-1b drum
Lubricating Grease (high tempera- MIL-L-15719 p150-257-6358 | B-oz tube
ture, electric motor, ball and
roller bearings)
Petrolatum, Technical VV-P-236 9150-250-0933 | 5-1b can
Lubricant, Wire Rope MIL-L-22803
Hydraulic Fluid:
Fluid, Power Transmission MIL-F-17111 9150-290-4091 | 1/2-pt can
9150-261-8317 | 5-gal drum
9150-261-8318 | 55-gal drum
Hydraulic Fluid, Petroleum Base, MIL-H-5606 9150-252-6383 | 1-gt can
Aircraft Missile, and Ordnance 8150-223-4134 | 1-gal can
Hydraulic Fluid, Petroleum Base, MIL-H-13866 9150-252-6374 | 1-gal can

Artillery Recoil, Special




NAVORD OD 3000 (FOURTH REVISION)

Table 2.1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

{Continued)
CURRENT
SPECIFICATION | CURRENT CONTAINER
L OR STOCK . | SIZE AND TYPE
NUMBERS
DESIGNATION
Hydraulic Fluid: (Continued)
Hydraulic Fluid, Petroleum Base, MIL-H-81019 9150-935-T148 | 1-gal can
Ultra Low Temperature
Lubricating Qils:
Caster Oil, Technical Grade 1 JJJ-C-86 9150-270-004T7 | 1-gal can
Graphite Colloidal {In Polyalkyene MIL-G-17745%
Glycol)
Graphite, Colloidal Lubricant, MIL-G-26548 9150-282-T407 | Spray dispenser
Pressure Spray Applied can (12 oz)
Insulating Oil, Electrical (for VVv-I-530 9160-685-0912 | 1-qt can
Transformers, Switches, and 89160-611-2000 | 1-gal can
Circuit Breakers) 9160-685-0913 | 5-gal can
Lubricating Oil Grade A MIL-L-19224 9150-027-4551 | 1-qt can
(NORD)
Mineral, Preservative Grade B 9150-817-2585 | 1-qgt can
Minus 30°F Pour Grade C 9150-027-4552 | 1-gt can
Lubricating Qil, Aircraft Instru- MIL-L-6085 9150-664-6518 1-1/2 -0z bottle
ment, Low Volatility 9150-223-4129 | 1-gt can
Lubricating Qil, Aircraft Piston MIL-L-22851
Engine Type I 9150-T53-5060 | 5-gal pail
Type 11 9150-965-2302 | Bulk pkg A/A
9150-965-2303 | 5-gal pail
9150-965-2305 | 55-gal drum
Lubricating Oil, Aircraft Recipro- MIL-L-6082 9150-255-3929 | S5-gal drum
cating Engine (Piston) Grade 9150-231-6669 | 55-gal drum
1065 (18 gage)
Lubricating Qil, Aircraft Turbine MIL-0-6081 9150-273-8810 | 1-qt can
Engine, Petroleum: Oxidation 9150-273-8811 | 1-gal can
Resistant 9150-273-8808 | 55-gal drum
Lubricating Qil, Steam Turbine MIL-L-17331 9150-235-9061 | 5-gal can
(Moncorrosive) 2190-TEP 9150-235-9062 | 55-gal drum
\ 9150-235-9064 | Bulk pkg A/A
Lubricant, All-Weather, Semi- MIL-L-19701 9150-559-3071 | 1-1b can
Fluid for Aircraft Ordnance
Lubricating Oil, Breechblock MIL-L-16T85
(For Naval Ordnance,
Summer Grade A, 9150-231-6661 | 1-gt can
Winter Grade B) 9150-231-6662 1-qt can
Lubricant, Colloidal Graphite in MIL-L-3572
0il, Light, Grade A 9150-261-T905 | 2-oz bottle
9150-235-5581 l-gal can
Medium, Grade B 9150-261-T906 | 2-oz bottle
9150-235-5584 | 1-gal can
9150-235-5585 | 5-gal pail
Heavy, Grade C 9150-235-5587 | 1-gal can
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SPECIFICATIONS AND STOCK NUMBERS

Table 2.1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

(Continued)
CURRENT
. SPECIFICATION | CURRENT | CONTAINER
OR SIZE AND TYPE
NUMBERS
DESIGNATION
Lubricating Qils: (Continued)
Lubricating Qil, Chain, Wire Rope, VV-L-T51

Exposed Gear

Type II, Protective:

For Cold Weather, Grade A 9150-234-519T7 | 5-lb can
9150-261-T7891 | 35-1b pail
9150-530-T293 | 120-lb drum

For Warm Weather, Grade B 8150-246-3276 | 35-lb pail
9150-231-9049 | 100-1b drum
9150-530-T371 120-1b drum

For Hot Weather, Grade C 9150-264-2918 | 35-1b can
8150-530-7370 | 120-1b drum

Lubricating 0il, Gear Petroleum MIL-L-6086
Base, Grade L (Light}) 9150-265-9417 | 1-gal can
Grade M (Medium) 89150-240-2235 1-pt can
9150-223-4130 | 1-gal can
Lubricating Oil, General Purpose MIL-L-15016%
MS 2110 9150-223-4137 | 5-gal drum
8150-235-55T7 | 55-gal drum
MS 2135 9150-231-6664 | 5-gal drum
9150-231-66656 | 55-gal drum
MS 2190 9150-231-663% | 5-gal drum
9150-231-6640 | 55-gal drum
MS 3050 9150-235-9074 | 1-pt can
9150-235-9069 | l-gt can
9150-223-4138 | 5-gal drum
9150-235-9071 | 55-gal drum
Lubricating 0il, General Purpose MIL-L-3150 9150-271-8427 | 4-oz can
9150-231-2361 | l-gt can
9150-231-2356 | 5-gal can
Lubricating Oil, General Purpose, VV-L-800 0150-273-2389 | 4-o0z can

Preservative (Water Displacing, 9150-231-6689 | l-qt can

Low Temperature) 9150-231-9062 | 5-gal can
9150-281-2060 | 55-gal drum

(18 gage)
Lubricating Oil, Hydraulic and MIL-L-17672
Light Turbine, Non-Corrosive

MS 2075 TH 9150-985-7230 | 1-pt can
9150-985-7231 1-qt can
9150-985-7232 | 5-gal pail
9150-985-7233 | 55-gal drum

MS 2110 TH 9150-582-5481 | Bulk
9150-753-4799 | 1-gal can
9150-985-7234 | 5-gal pail
9150-582-5480 | 55-gal drum

MS 2135 TH 9150-584-2561 | Bulk
9150-985-7236 | 1-qt can
9150-985-7237 | 5-gal pail
9150-584-2560 | 55-gal drum

2=



NAVORD OD 3000 (FOURTH REVISION)

Table 2.1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

(Continued)
CURRENT
e SPECIFICATION |  CURRENT CONTAINER
OR NUMBERS SIZE AND TYPE
DESIGNATION
Lubricating Oils: (Continued)
Lubricating Oil Instrument, Jewel MIL-L-3918 9150-270-0063 | 1/2-0z bottle
Bearing, Non-Spreading, Low
Temperature
Lubricating Oil, Internal Com- MIL-L-8000
bustion Engine, Diesel
(9110) 9150-231-9040 | Bulk
9150-231-9037 | 5-gal pail
9150-231-9038 b5-gal drum
(18 gage)
(9170) 9150-231-6652 Ik
9150-231-6649 | 5-gal pail
9150-231-6650 | 55-gal drum
(18 gage)
Lubricating Oil, Mineral Cylinder MIL-L-15018
MSs 5190 9150-240-2260 | 5-gal drum
9150-240-2261 55-gal drum
(18 gage)
MS 5230 9150-243-3192 | 5-gal drum
8150-243-3193 55-gal drum
(18 gage)
Lubricating Oil, Mineral Oil Com- MIL-L-16958 9150-235-5589 | 2-oz bottle
position (For Torpedo Gyroscope) 9150-235-5590 | 8-oz bottle
Lubricating 0il, Molybdenum MIL-L-25681 9150-543-7220 | 1-1b can
Disulfide, Silicone Base, High
Temperature
Lubricating Oil, Preservative, MIL-L-3503 9150-231-9063 | 4-0z can
Light 9150-231-9064 | 1-qt can
9150-231-9066 | 5-gal can
Lubricating Oil, Synthetic (For MIL-L-11734° 9150-715-5851 | 2-oz bottle
Mechanical Time Fuses)
Lubricating 0il, Worm Gear MIL-L-18486 9150-235-5591 | 1-gal can
9150-235-5592 | 5-gal drum
Non-Lubricating Preservatives:
Compound, Gun Slushing MIL-C-18487 B030-272-8530 | 35-1b pail
8030-264-2063 | 400-1b drum
Corrosion Preventive, Petrolatum, MIL-C-11796 8030-285-15T0 | 35-1b pail
Hot Application Class C (Soft
Film)
Corrosion Preventive, Solvent Cut- MIL-C-16173
Back (Cold Application)
Grade 1 8030-231-2345 | 1-gal can
8030-244-1299 | 5-gal pail
8030-244-1300 | 55-gal drum
Grade 1A 8030-272-8531 | 5-gal pail
Grade 2 8030-244-1297 | 1-gal can
8030-244-1298 | 5-gal pail
8030-244-1205 | 55-gal drum
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SPECIFICATIONS AND STOCK NUMBERS

Table 2.1 - Lubricants, Hydraulic Fluids, Preservatives, and Cleaning Materials

(Continued)
CURRENT
e SPECIFICATION | CgnatiT CONTAINER
OR NUM BERS SIZE AND TYPE
DESIGNATION
Non-Lubricating Preservatives:
(Continued)
Grade 3 8030-634-7326 | 1-qt can
8030-244-1296 | 1-gal can
8030-244-1293 | 5-gal can
B030-244-1294 | 55-gal drum
Neat's-Foot Qil C-N-200 B030-244-1031 | 1-gt can
8030-244-1033 | 1-gal can
Preservative Coating, Canvas MIL-P-15159
Deck Gray B030-281-2347 | 1-gal can
8030-550-5906 | 5-gal pail
Haze Gray B030-550-5906 | 5-gal pail
B030-550-5905 | 1-gal can
White B030-550-8017 | 1-gal can
8030-285-6543 | 5-gal pail
Sodium Chromate, Anhydrous 0-5-588 6810-240-2119 | 1-1b bottle
Technical 6810-264-6714 | 100-1b drum

1

4 Local purchase due to low volume requirements.

No longer standard Navy stock item - see table 2, 4 for designation of alternative.

Not Navy stock item but can be made available if a valid volume requirement exists.
It is anticipated MIL-G-81322 will supersede this specification in the near future,

Table 2.2 - Superseded, Cancelled, and Replaced Specifications

ORIGINAL INTERVENING INTERVENING CURRENT

NUMBER NAVY NUMBER NUMBER SPECIFICATIONS
BuOrd (NAVY

ORD OS5

627 14C8 (Ord) MIL-C-18487 (NOrd) MIL-C-18487 (NOrd)

B46 14G10 MIL-G-16908 (BuOrd) MIL-G-7711

758 14G10 MIL-G-16908 (BuOrd) MIL-G-T711

812 14T2 (Ord) MIL-T-3123 Cancelled

814 14115 (Ord) MIL-L-16958 MIL-L-16958

856 - MIL-L-6082 MIL-L-6082

1015 - 51F23 (Ord) MIL-F-17111

1023 14-0-12 VV-0-401 VV-1-530

1113 - 51F23 (Ord) MIL-F-17111

1165 14114 (Ord) MIL-L~-16785 MIL-L-16T785

1166 14C9 (Ord) MIL-C-16173, Grade 1A | MIL-C-16173, Grade 1A

1209 14113 (Ord) MIL-L-3572, Grade 1A MIL-L-3572, Grade A

1324 -- MIL-G-18694 (NOrd) MIL-G-18694

1350 14G10 MIL-G-16908 (BuOrd) MIL-G-7711

1361 - S MIL-L-644 |®VV-L-800

1362 14L17 (Ord) MIL-L-3503 MIL-L-3503

1384 141,13 (Ord) MIL-L-3572 MIL-L-3572, Grade C




NAVORD OD 3000 (FOURTH REVISION)

Table 2.2 - Superseded, Cancelled, and Replaced Specifications (Continued)

ORIGINAL INT ERVENING INTERVENING CURRENT
NUMEBER MAVY NUMBER NUMBER SPECIFICATIONS
BuCrd (NAVY
ORD OS5 ﬁ Cont'd)
1385 14GO (Ord) MIL-G-17440 (NAVY) MIL-G-23549
1400 -- MIL-L-18486 (NAVY) MIL-L.-18486
1426 H1C29 JAN-C-372 MIL-C-372
1647 14-0-20 (Ord) | MIL-L-6085 MIL-L-6085
1648 14G8 (Ord) MIL-G-15793 MIL-G-23827
1662 14G9 (Ord) MIL-G-1T7740 (NAVY) MIL-G-23549 -
1914 -- MIL-C-18694 (NOrd) MIL-G-18694
2533 141,17 MIL-G-3545 MIL-G-81322
2943 51F21 (Ord) MIL-F-17111 (NOrd) MIL-F-17111 (NOrd)
NAVY
T-0-2 -= - MIL-F-16884
14C8 (Ord) - -= MIL-C-1848T (NOrd)
14C9 (Ord) -- -- MIL-C-16173, Grade 1A
-- == MIL-G-10924
14G5 (INT) == -- 8G-G-659
14G8 (Ord) - MIL-G-15793 MIL-G-23827 «
14G9 (Ord) -- MIL-G-17740 (NAVY) MIL-G-23549
14G10 -- MIL-G-16908 (BuOrd) MIL-G-TT11
14G11 - MIL-G-3278 MIL-G-23827
14L3 -- -- MIL-G-18709 (NAVY)
- - MIL-G-10924
14L7 -- MIL-G-3545 MIL-G-81322
-= - MIL-G-10924
14113 (Ord) -= - MIL-L-3572
Grade A Grade A
Grade B Grade B
Grade C Grade C
14114 (Ord) - - MIL-L-16785
14L15 (Qrd) - - MIL-L-16958
14116 (Aer) -- == MIL-1-3918
14117 (Qrd) -- = MIL-1.-3503
14-0-6 - -- JJI-C-86
14-0-12 -- VV-0-401 VV-1-530
14-0-17 (INT) - - MIL-L-3150
14-0-20 (Ord) - - MIL-L-6085
14P1 -- -- VV-P-236
14T2 (Ord) -- MIL-T-3123 Cancelled
51A3 -- 0-5-801 0-5-809
51A13 - MIL-A-463 MIL-E-463
51C39 - 0-E-T1 O-A-548
51C59 - JAN-C-372 MIL-C-372
51CE5 (Ships) -- == MIL-C-20207
51F21 (Ord) == -- MIL-F-17111
51F23 (Ord) ok - MIL-F-17111
51F24 (Ord) -- -- MIL-F-16929
G2C18 - -= MIL-C-16173
Grade 1 Grade 1
Grade 2 Grade 2
Grade 3 Grade 3
52C19 -- -- MIL-A-90T (NAVY)
NS 1042 -- MIL-L-15016 MIL-L-17672
MS 3042 MS 2075 TH
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SPECIFICATIONS AND STOCK NUMEBERS

Table 2.2 - Superseded, Cancelled, and Replaced Specifications (Continued)

ORIGINAL INTERVENING INTERVENING CURRENT
NUMEBER NAVY NUMBER NUMBER SPECIFICATIONS
NAVY (Contimued)
NS 1047 - MIL-L-15016 MIL-L-17672
MS 3050 MS 2135 TH
NS 1085 -- MIL-L-6082 MIL-L-22851
Grade 1065 Type III
NS 1100 - MIL-L-6082 MIL-1.-22851
Grade 1100 Type 11
NS 2075 -- MIL-L-15016 MIL-L-17672
MS 2075 MS 2075 TH
NS 2110 - MIL-L-15016 MIL-L-17672
MS 2110 MS 2075 TH
NS 2135 -- MIL-L-15016 MIL-L-17672
MS 2135 MS 2135 TH
NS 3042 -- MIL-L-15016 MIL-L-17672
MS 3042 MS 2075 TH
NS 3050 -- MIL-L-15016 MIL-L-17672
MS 3050 MS 2135 TH
NS 3065 -- MIL-L-15016 MIL-L-22851
MS 3065 Type III
NS 3080 == MIL-L-15016 MIL-L-22851
MS 3080 Type I
NS 3100 -= MIL-L-15016 MIL-L-22851
MS 3100 Type 1T
NS 3120 -- MIL-L-15016 MIL-L-22851
MS 3120 Type I
NE 3150 -= MIL-L-15016 MIL-L-22851
MS 3150 Type 1T
NS 5190 - MIL-L-15018 MIL-1.-15018
MS 5190 MS 5190
BuAer
C-109b -= MIL-N-7752 MIL-M-17752
FEDERAL
C-0O-388 - C-N-200 C-N-200
0-A-111 - 0-5-801 0-5-809
P-C-5T6 -- -- P-C-dd4
P-5-600 -- == P-5-591
P-5-631 -- - 0-5-598
P-3-661 - -- P-D-680
TT-Z-291 -- TT-P-460 MIL-T-22361
MILITARY
JAN-C-490 -- MIL-C-480 Cancelled
JAN-A-G69 == - TT-A-580
MIL-C-8T8 (Ships) -- O-E-T71 0-A-548
MIL-C-972 (Ships) -- MIL-C-16173 MIL-C-16173
Grade 1 Grade 1 Grade 1
Grade 2 Grade 2 Grade 2
Grade 3 Grade 3 . Grade 2
MIL-T-5542 -= -- MIL-T-27730
MIL-5-68082 - -= TT-R-230
MIL-G-15017 -= == MIL-L-17672
MIL-G-16908 - -- MIL-G-TT11
MIL-L-17353 -- -- MIL-L-19701
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NAVORD OD 3000 (FOURTH REVISION)

Table 2.2 - Superseded, Cancelled, and Replaced Specifications (Continued)

ORIGINAL INTERVENING INTERVENING CURRENT
NUMBER NAVY NUMBER NUMBER SPECIFICATIONS
MILITARY (Cont'd)
MIL-L-17554 -- -- Cancelled
ARMY
2-38 -- MIL-H-13866 (Ord) MIL-H-13866 (MR)
2-47 -= MIL-L-3918 MIL-L.-3918
2-T7 -- MIL-H-13862 (Ord) MIL-H-5606
2-82 -= MIL-C-11796 MIL-C-11796
2-84 -- MIL-C-11796 MIL-C-11796
2-117 -= JAN-C-372 MIL-C-372
2-121 -= MIL-C-11796 MIL-C-11796
2-122 -- MIL-L=-3150 MIL-L-3150
3-213 - MIL-M-10578 MIL-M-10578
AIR FORCE - NAVY
"AERONAUTICAL
AN-A-21 -- O-C-303 O-C-303
AN-C-53 - JAN-A-669 TT-A-580
AN-C-124, Type I -- MIL-C-16173, Grade 2 MIL-C-16173, Grade 2
AN-G-5 -- MIL-G-3545 MIL-G-81322
AN-G-25 -- MIL-G-3278 MIL-G-23827
AN-0O-3 -- MIL-L-6086 MIL-L-6086
AN-D-6 -- MIL-L-T870 MIL-L-T7870
AN-O-8 - MIL-L-6082 MIL-L-6082
AN-D-11 -- MIL-L-6085 MIL-L-6085
AN-O-366 -= MIL-0-5606 MIL-H-5806

Table 2.3 - Military and NATO Symbols Appearing on Lubrication Charts

SPECIFICATION SPECIFICATION MILITARY NATO
NUMEBER NOMENCLATURE SYMBOL SYMEBOL
VVv-1-530 Insulating Oil, Electrical (For Trans- oT
formers, Switches and Circuit Breakers)
VV-L-T51 Lubricating Oil: Chain, Wire Rope,
Exposed Gear, Type 1 Regular:
Grade A CW-1A 0-199
Grade B CWw-1B
Grade C Cw-1C 0-203
VV-L-800 Lubricating Oil, General Purpose Pre-
servative (Water Displacing, Low 0-190
Temperature)
MIL-L-3150 Lubricating Qil, Preservative, Medium PL-M 0-192
MIL -L-3503 Lubricating 0il, Preservative, Light PL-L
MIL-L.-3572 Lubricant Colloidal Graphite in Qil LGG
MIL-L-3818 Lubricating Oil, Instrument, Jewel, QCw 0-229
Bearing Nonspreading, Low Tempera-
ture
MIL-L-6081 ‘Lubricating Oil, Jet Engine
Grade 1005 1005 0-132
Grade 1010 1010 0-133




SPECIFICATIONS AND STOCK NUMBERS

Table 2.3 - Military and NATO Symbols Appearing on Lubrication Charts (Continued)

SPECIFICATION SPECIFICATION MILITARY NATO
NUMBER NOMENCLATURE SYMBOL SYMBOL
MIL-L-6082 Lubricating 0Qil, Aircraft Reciprocating
Engine (Piston)
Grade 1065 1065 0-113
Grade 1100 1100 0-117
MIL-L -6085 Lubricating Oil, Instrument Aircraft, OAI 0-147
Low Volatility
MIL-L-6086 Lubricating Qil, Gear, Petroleum Base:
Grade L 0-153
Grade M OGR 0-155
MIL-L-7808 = Lubricating Oil, Aircraft Turbine Engine, LGT 0-148
Synthetic Base
MIL-A-6091 Aleohol; Ethyl, Specially Denatured S5-T38
MIL-1.-T870 Lubricating Qil, General Purpose OGP 0-142
MIL -L-9000 Lubricating Oil, Internal Combustion
Engine, Diesel:
MS 9110 9110 0-272
MS 9170 89170 0-273
MS 8250 9250 0-274
MS 9500 9500 0-276
MIL-L-10324 Lubricating Oil, Gear, Sub Zero GOS 0-188
MIL-1.-11734 Lubricating Qil, Synthetic (For Mechani-
cal Time Fuzes)
MIL-L-150186 Lubricating Qil, General Purpose:
MS 2110 2110
M5 2135 2135
MS 2180 2190
MS 3050 3050
MIL-L-15018 Lubricating 0il, Mineral Cylinder:
MS 5150 5150 0-252
MS 5190 5180 0-258
MS 5230 5230
MIL-H-56086 Hydraulic Fluid, Petroleum Base; Air- OHA H-515
craft and Qrdnance
MIL-F-16929 Fluid, Damping, Ester Base:
Class A FDE-A
Class B FDE-B
Class C FDE-C
Class D FDE-D
Class E FDE-E
Class F FDE-F
MIL-F-17111 Fluid, Power Transmission H-5T5
MIL-L-17331 Lubricating Oil, Steam Turbine 2150 TEP 0-250
(Noncorrosive)
MIL-L-17672 Lubricating Oil, Hydraulic and Light H-5T5
Turbine
MS 2075 TH 2075 TH
MS 2110 TH 2110 TH H-573
MS 2135 TH 2135 TH
MIL-H-22072 Hydraulic Fluid, Catapult HFC
MIL-L-22851 Lubricating Qil, Aircraft Piston Engine
(Ashless Dispersant)
Type I LAD I 0-128
Type III LAD II 0-123
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Table 2.3 - Military and NATO Symbols Appearing on Lubrication Charts (Contimued)

SPECIFICATION SPECIFICATION MILITARY NATO
NUMBER NOMENCLATURE SYMBOL SYMBOL
MIL-L-23699 Lubricating Oil, Aircraft Turbine 0-156
Engines, Synthetic Base
MIL-G-4343 Grease, Pneumatic System - G-392
MIL-G-6032 Grease, Plug Valve, Gasoline and 0il
Resistant
Type I GRG G-363
MIL-G-TT711 Grease, Aircraft General Purpose GB G-382
MIL-G-10924 Grease, Automotive and Artillery GAA G-403
MIL-G-18709 Grease, Ball and Roller Bearing BR -
MIL-L-19701 Lubricant, All Weather, Semi-Fluid, LAS
For Aircraft Ordnance
MIL-G-21164 Grease, Molybdenum Disulfide GMO G-353
(For Low and High Temperature)
MIL-G-23827 Grease, Aircraft and Instrument, Gear GIA G-354
and Actuator Screw
MIL-G-25013 Grease, Ball and Roller Bearing: BRH G-372
Extreme High Temperature

Table 2.4 - Alternate Lubricants for Military Symbol Dils

MILITARY : MILITARY
Sl el ALTERNATE OIL s dddl ALTERNATE OIL
MIL-L-15016 MIL-L-17672
MS 2075 MIL-L-17672, MS 2075 TH MS 2075 H | MIL-L-17672, MS 2075 TH
MS 2110 MIL-L-17672, MS 2110 TH MS 2110 H | MIL-L-17672, Ms 2110 TH
MS 2135 MIL-L-17672, MS 2135 TH MS 2135 H | MIL-L-17672, MS 2135 TH
MS 2190 MIL-L-17331, MS 2190 TEP
MS 2250 MIL-L-17331, MS 2190 TEP MIL-L-6082
MS 3042 MIL-L-17672, MS 2075 TH Grade 1065 | MIL-L-22851, Type III
MS 3050 MIL-L-17672, MS 2135 TH Grade 1100 | MIL-L-22851, Type I
MS 3065 MIL-L-22851, Type HI
MS 3080 MIL-L-22851, Type II MIL-L-17672
MS 3100 MIL-L-22851, Type Il MS 2075 TH | MIL-L-19224, Grade A
MS 3120 MIL-L-22851, Type IT MS 2110 TH | MIL-L-19224, Grade A
MS 3150 MIL-L-22851, Type IT MS 2135 TH | MIL-L-19224, Grade B
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Chapter 3

LUBRICATION AND CORROSION PREVENTION

3.1 LUBRICATION.

In naval ordnance systems, lubricants may
gerve many purposes, such as conducting the
heat of friction away from the bearings, serv-
ing as a seal to exclude undesirable substances
from the area being lubricated, and acting as a
carrier for rust preventives, antifriction
agents, extreme pressure additives etc., How-
ever, the primary use is, in general, to lubri-
cate, i.e., to reduce friction, dissipate heat
and prevent corrosion.

3.1.1 REDUCTION OF FRICTION. Whenever
contacting surfaces of mechanical parts are in
motion with respect to each other, a resisting
force known as friction is present. Friction
can be greatly reduced by use of the proper
lubricant. Selection of the lubricating material
for a specific application depends upon such
factors as bearing and gear tooth pressure,
operating temperature, type of enclosure, and
the nature and extent of contact between sur-
faces. The purpose of the lubricant is to sepa-
rate contacting surfaces by an oil or grease
film and thereby reduce the frictional forces
and the resultant wear or seizing which would
otherwise occur.

3.1.2 DISSIPATION OF HEAT. Friction gen-
erates heat, which must be dissipated with
sufficient rapidity to prevent damage to the
equipment. This is true particularly in such
devices as ball or roller bearings and high-
speed gear trains, where the surfaces in con-
tact are relatively small. Lubricant eirculation
systems are designed to dissipate the heat
resulting from friction. 0©il is preferred as a
bearing lubricant because of its fluidity, but a
grease or solid film may be required when
there is a problem of retention of lubricant, as
in ball and roller bearings, or under conditions
of extireme pressure. Precautions must be
taken against overfilling and overpacking, which
can cause overheating, since excess lubricant
can act as an insulating blanket around the
moving parts and prevent dissipation of heat,
especially in equipment operation at high
speeds, Overfilling or overheating can also
cause overflow of lubricants into adjacent elec-
trical or hydraulic equipment, with consequent

impairment. The instructions contained on the
lubrication charts regarding the specified
lubricants and lubrication procedures must be
followed to insure optimum performance, re-
duction of friction and dissipation of heat.

3.1.3 PREVENTION OF CORROSION, Corro-
sion, particularly that resulting from continu-
ous exposure to marine environment, is a
problem of major importance in the operation
of naval vessels. Equipment which is in tem-
porary storage or standby condition must also
be protected. In most cases, it is essential
that equipment be protected so that its return
to active service will require only minimum
change, such as removal of preservatives.
Greases containing corrosion inhibitors are
often used as preservatives because they
possess lubricating qualities and need not be
removed from the equipment when it is re-
activated,

For ordnance sysiems, the corrosion-inhib-
iting properties of a lubricant are almost equal
in importance to its lubricating properties.
Many metal parts are subject to corrosion
when exposed to moist air. The application of
oil, grease or dry film to a metal surface

tends to protect it from air and moisture, thus
retarding corrosion. It is essential that a
lubricant selected for this purpose be one that
will remain on the surfaces to be protected
under adverse conditions of pressure and tem-
perature, and be formulated to retard or pre-
vent the formation of corrosion, particularly
in the presence of moisture or salt water,

Most of the lubricants discussed in this chapter
contain corrosion inhibitors and other additives
to improve stability and other properties.

3.1.4 LUBRICATION INSTRUCTIONS AND
CHARTS. Lubrication instructions are issued
for all naval ordnance equipment requiring
lubrication. Such instructions may be issued as
lubrication charts, Maintenance Requirements
Cards, instructions, ordnance publications, or
combinations of these. It is the policy of the
Naval Ordnance Systems Command, whenever
practicable, to prepare lubrication charts with
complete lubrication instructions for all equip-
ment. These charts are prepared on drawing
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forms, with drawing numbers assigned. Such
charts are more easily revised and distributed
than ordnance publications.

The majority of the lubrication instructions
for fire control instruments, regulators, optical
instruments, and electric motors are contained
in ordnance publications. The preparation of a
separate chart or set of charts for each instru-
ment or motor is considered impractical
because of their large number. Therefore,
general lubrication charts have been developed
to serve as instructions for lubricating specific
groups of instruments and motors, having
similar mechanical components and lubrication
requirements. Each List of Drawings, LD,
number and type of equipment to which it ap-
plies appears in the Application Block of the
general chart. If the equipment is classified
CONFIDENTIAL, only the applicable LD num-
bers appear. The LD's are kept up to date
with respect to the lubrication instructions for
naval ordnance eguipment.

In the case of regulators, a schematic dia-
gram-of the internal mechanism is given, in
addition to the text of the lubrication instruc-
tions.

NOTE

It is extremely important that the
lubrication instructions and lists of
drawings be of the latest issue.

Where a general chart is not applicable to a
particular instrument or motor, the lubrica-
tion instructions are given on an individual
chart, or in text form, in accordance with the
requirements of NAVORD OSTD 50. Lubrica-
tion charts generally indicate the approved
lubricants and related materials, points and
required frequency of application, and the tar-
get symbol of the specific lubricant or related
material. The charts also contain additional
information relating to lubrication, draining,
filling, cleaning, and other maintenance func-
tions to be performed in conjunction with lubri-
cation. Table 3.1 shows the target symbols
for various lubricants as they appear on lubri-
cation charts. The next-to-last rectangular
symbol is used to specify lubricants not other-
wise represented, or to specify hydraulic
fluids, coolants, and other related materials.
The last symbol is used only for special notes,
references, or instructions. The specified
lubricants and related materials or their alter-
nates should be used when available. If these
are not available, the substitutes listed in this
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chapter and in chapter 4 may be used. Emer-
gency substitutes should be used only as a last
resort. As soon as the specified materials
become available, substitutes should be re-
placed. In extreme emergencies and in cases
where no substitute has been designated,
another material having the next closest char-
acteristics to the approved material should be
selected from the tables.

3.2 LUBRICATION DEVICES.

3.2.1 ATTACHED DEVICES.

3.2.1.1 Fittings, Lubrication fittings are
provided at the various locations on the equip-
ment where lubricants are applied. The fittings
include oil cups, hydraulic fittings, pipes and
tubes, filler caps, level indicators, and drain
plugs. Some of these devices are illustrated

in figure 3.1. Approved types of fittings are
covered in Specification MIL-F-3541 and the
Military Standards referenced therein.

3.2.1.1.1 Protective Caps. Plastic protec-
tive caps are often provided for use on hydrau-
lie fittings to prevent the entrance of dirt or
water, and to protect the fittings during ice
removal, painting, and similar operations.
The cap (figure 3, 1) usually of polyethylene
plastic, should be suificiently flexible and have
a large enough flange to permit easy attach-
ment and removal. It should fit tightly to form
a leak-proof seal over a temperature range of
=40°F to 200°F and up to a pressure of one foot
of water. The caps tend to prevent the hard-
ening of the grease in the small holes in the
fittings, eliminate the need of masking prior

to painting, and provide protection during
storage. Protective caps may be reused sev-
eral times and are obtainable in several colors
under the following stock numbers:

Lubricating Fitting Protective Caps

G4730-270-3918 Black
G4730-270-3917 Blue
G4730-270-3918 Brown
G4730-270-3919 Green
G4730-270-3920 Red
G4730-2T70-3921 White
G4730-270-3922 Yellow

The push, Zerk-type fittings shown in fig-
ures 3.2 and 3. 3 are obsolescent, and are
usually found only on older equipment. Flush
fittings are used where protruding types might
easily be damaged or would interfere with
moving parts. The flush, button-head, and
pin-type fittings are commercial items.
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Table 3.1 - Targets and Corresponding Lubricants Appearing on Lubrication Charts

TARGET
SYMBOL

NAME OF LUBRICANT

SPECIFICATION

> 00000

8

Lubricating Oil, General Purpose

Lubricating Oil, General Purpose

Lubricating Oil, Aircraft Reciprocating
{Piston) Engine

Lubricating Qil, Preservative,
Light

Lubricating Oil, Aircraft Instrument,
Low Volatility

Lubricant, Worm Gear

Grease, Extreme Pressure

Grease, Bearing, for General
Ordnance Use

Grease, Instrument

Lubricant, Ball, and Roller Bearing

Lubricants, Fluids, Preservatives, etc.,
Other Than Those Indicated Above

MIL-L-15016 (MS 3042)
(Supersedes NS 3042)

MIL-L-15016 (MS 3050)
(Supersedes NS 3050)

MIL-0-6082 (Grade 1065)
(Supersedes NS 1065)

MIL -1.~-3503
(Supersedes 14L17 (Ord))

MIL-L-6085
(Supersedes 14-0-20
(Ord))

MIL-L-18486 (NOrd)
(Supersedes OF 1400)

MIL-G-17740 (NAVY)
(Supersedes 14G9 (Ord))

MIL-G-16908 (BuOrd)
(Supersedes 14G10)

MIL-G-15793 (BuOrd)
(Supersedes 14G8 (Ord))

MIL-G-18709 (NAVY)
(Supersedes 14L3)

As Specified

Used To Designate Spe-
cial Notes, References,
and Instructions
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HYDRAULIC

FLUSH TYPE
OIL CupP PROTECTIVE CAP FOR
(BALL VALVE) HYDRAULIC FITTING

Figure 3,1 - Lubrication Fittings
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Z-SWIVEL

ADAPTER, HYDRAULIC PRESSURE RELIEF

HOSE TO GIANT :
BUTTON-HEAD ADAPTER, BUTTON-HEAD TO
FITTING ? HYDRAULIC

P —" P =l ' ¥ ]

LOCKING SLEEVE HIGH-PRESSURE HOSE (WIRE BRAID) HYDRAULIC
COUPLER
i,
HYDRAULIC TO PUSH TYPE FITTING ADAPTER-HYDRAULIC
COUPLER TO PIN
TYPE FITTING

Val

HYDRAULIC 90* ANGLE

¢

Figure 3.2 - Hose Assemblies and Adapters
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PUSH-TYPE HAND GUN,WITH

LOADER FITTING AND NOZZLES

FOR PUSH-TYPE, FLUSH, AND
HYDRAULIC FITTINGS

GREASE GUN,LEVER OPERATED CARTRIDGE-TYPE GUN

Figure 3.3 - Lubrication Guns and Nozzles
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il cups used on naval ordnance equipment
are usually similar to the ball valve type shown
in fipure 3.1. Other types of oil cups are cov-
ered in specification MIL-C-1258.

il cups should be removed, cleaned and
repacked periodically to remove hardened
grease soaps which result from a combination
of long standing under pressure and oil sepa-
ration.

Lubrication through hydraulic type fittings
requires the use of a grease gun or other pres-
sure device, The pressure of the lubricant
releases the check valve in the fitting, When
not under pressure, the valve is kept closed by
a spring (figure 3. 1) to prevent the entrance of
foreign matter. Prior to fitting the coupler of
the grease gun to the fitting on the equipment
to be lubricated it is necessary to use a wiping
cloth to clean the head of the grease {itting to
remove contaminants which would otherwise be
forced through the fitting into the bearing.

With most of the fittings currently used, such
as the standard pin-type and button-head type,
the coupler makes positive attachment to the
fitting. With older type fittings such as the
push type, suifficient force must be applied to
the pun or hose nozzle to hold it against the
fitting.

3.2.1.2 Forced-Feed Systems. In a forced-
feed lubrication system, oil is supplied under
pressure to the various points requiring lubri-
cation. An oil pump draws oil from a sump or
reservolr and discharges it into the pipes or
tubing leading to the bearings. The oil is con-
tinuogusly circulated, thus aiding in dissipating
heat. Strainers or filters usually are incor-
porated in such systems to keep the oil reason-
ably free of contaminants. Filters are dis-
cussed in greater detail in paragraph 3.2, 1. 3.
Usually, where oil is under pressure, in either
a lubricating or a hydraulic system, gages are
provided to aid in maintaining correct operating
pressures. Low pressures may indicate pump
failure or excessive leakage. High pressures
may indicate unsafe conditions such as clogged
lines or filters, causing an insufficient supply
of oil to the moving parts.

3.2,1.3 Filters, Filters are usually provided
in both forced-feed lubrication and hydraulic
systems to remove contaminants from the oil
entering bearings, cylinders, valves, and other
mechanisms. Filters used in naval ordnance
equipment serve mainly to remove insoluble
particles of metal, dust, carbon, or oxidation
products. A full-flow filter is one which filters

all of the oil which passes through the pump.
Such a filter is provided with a relief valve
(figure 3.4) to allow bypassing of the oil in case
of an excessive restriction of flow through the
filter element. A bypass [ilter is one which
filters only a portion of the oil passing through
the pump. Bypass filters which are usually de-
signed to remove particles finer than those
removed by the full-flow type, offer more re-
sistance to the flow of oil and therefore filter
at a slower rate than full-flow types. A differ-
ential pressure indicator may be incorporated
in the filter housing to warn of a clogred filter.
The differential pressure indicator setting
should be lower than the relief valve setting so
that the clogged filter warning will oceur prior
to bypassing of dirty fluid through the relief
valve. Requirements for a differential pres-
sure indicator are included in specifications
MIL-F-8815 and MIL-F-27656. The MIL-F-
#8815 type of filter is shown in figure 3.5.

3.2.1.3.1 Types of Filters. The type of filter
used in a specific equipment depends on the
size and type of the smallest particles to be
removed, Filters of the metal-plate type are
made with spacers of various thickness. The
oil passes between the plates, and the minimum
size of particles held back is determined by the
thickness of the spacers, A self-cleaning de-
vice, consisting of blades rotating between the
filter plates, is incorporated. Particles as
small as 40 microns, 0,0016 inch, may be
removed with this type of filter, figures 3.6
and 3. 7. For filtration of particles of ten
microns (0.0004 inch or less) filters using
replaceable elements of cellulose, felt, or
other fibrous materials are available; these
are often called micronic filters. The com-
pressed disc-type filter (figure 3.8) employs
plastic-impregnated discs. The oil flows be-
tween the discs and deposits the sediment at
the edges of the discs. The filter elements can
be cleaned in a solvent and reused. Most fil-
ters are provided with drain plugs to allow
removal of sediment and water.

Other types of filters are available, such as
those with wire-wound elements, metal sereens,
or fine powders, Some of those containing
abzorbent powders are capable of removing not
only solid particles but also water or dissolved
substances. Therefore, when designing equip-
ment, it is necessary to select filter elements
which do not remove desirable ingredients,
gsuch as additives, used to improve the proper-
ties of oils and hydraulic fluids., For instance,
filter elements with certain kinds of absorbent
powders should not be used with hydraulic
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RED DIFFERENTIAL PRESSURE
~ INDICATOR BUTTON

(RAISES 3/16 INCH WHEN

DIFFEREMTIAL PRESSURE

EXCEEDS TOLI10PSI

INDICATING A CLOGGED
FILTER ELEMENT)

’ OUTLET

“FILTER BYPASS
RELIEF VALVE OPENS
AT A DIFFERENTIAL
PRESSURE OF
1002 10 PSI

—FILTER BOWL
~—FILTER ELEMENT
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FLUID

UNFILTERED
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FLUID

NORMAL FLOW

Figure 3.5 - MIL-F-8815 Type Filter Assembly
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Figure 3.6 - Metal Plate Filter
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ANV2SIR
ALTAAGL)

MAJOR DISC MINOR DISC CLEANER
BLADE

STATIONARY ROD
FLOATING ROD

MINOR DISC

MAaJOR DISC

DIRTY FLUID ENTERS THE FILTER AT THE INLET AND IS BAFFLED THROUGH-
OUT THE HOUSING, LINE PRESSURE FORCES LIQUID TOWARDS THE ALL-
METAL ,EDGE-TYPE CARTRIDGE. ALL LARGE PARTICLES (OVER 012") ARE
STOPPED ON THE OUTSIDE SURFACE (A)OF THE MAJOR DISCS. SMALLER
PARTICLES ENTER BETWEEN MAJOR DISCS WHERE ALL DIRT LARGER THAN
SPECIFIED DEGREE OF FILTRATION (40,75 OR 125 MICRONS) IS STOPPED BY
THE SECOND ALL-METAL.EDGE-TYPE BARRIER (B)

Figure 3.7 - Metal Plate Filter Operation
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FILTER WITH ELEMENTS
COMPOSED OF COMPRESSED,

PLASTIC-IMPREGNATED DISCS
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EDGE FILTRATION STOPS
IMPURITIES AT THE EN-
TRANCE SURFACES. ELE-
MENTS CAN BE CLEANED
QUICKLY AND
THOROUGHLY BY
WASHING THEM
IN A PETROLEUM
BASE SOLVENT,
SUCH AS P-S-661,SOL-
VENT, DRY CLEANING

Figure 3.8 - Compressed-Disc Type Filter
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fluids. Typical filters are illustrated in figures

3.6, 3.7, 3.8, and 3.9, Bypass and line fil-
ters shown in figure 3.9 are covered by speci-
fications MIL-F-3680, MIL-F-8815A, and
MIL-F-5504, The types of filters shown in
figures 3.6 and 3.8 are commercial items. In
critical applications where servo valves or
close tolerance moving parts are present abso-
lute type filters conforming to specification
MIL-F-8815 (15 microns absolute) or MIL-F-
27656 (5 microns absolute) should be used.
These filters are advantageous as the absolute
filter ratings are controlled by means of a
standardized test procedure whereas the typi-
cal nominally rated filter depends on the man-
ufacturer’s rating methods, which may vary
between manufacturers.

3.2.1.3.2 Filter Maintenance. To insure
proper operation, it is necessary that filter
elements be replaced or cleaned periodically
as directed by the instructions for the particu-
lar elements, Maintenance instructions for
filters with replaceable elements usually spec-
ify the time intervals for replacement; clean-
ing procedures are given for filters with re-
usable elements. Symptoms of poor operation
such as excessively high pressures, bypass-
ing, or presence of dirt in the oil indicate that
the filters need to be cleaned or replaced to
insure efficient operation.

3.2.2 PORTABLE DEVICES.

3.2,.2.1 Lubricators. Lubrication devices for
applying lubricants to naval ordnance equip-
ment include the following:

a. 0Oil cans of the pushbottom, pump, or
filler type, figure 3. 10.

b. Manually operated guns, gun loaders,
oil pumps, accessories and adapters, figures
3.2, 3.3, 3.11, and 3.12.

¢, Electric- or air-powered guns or pumps
and accessories, figure 3. 13.

Pumps are used for transferring lubricants
from the original containers to gear housings,
sumps, and reservoirs. For such uses, the
pressures are relatively low and medium- or
low-pressure hose, fabric-braid type is used.

For grease lubrication through hydraulic
fittings, hand- or power-operated guns or
pumps developing pressures from 23 psi to
10, 000 psi are used, figures 3.3, 3.11, 3.12,
and 3. 13, With this type of equipment, high-

pressure hose, wire-braid type, figure 3.2,
must be used.

Approved oil cans are covered by specifica-
tion GGG-0-591 approved hand guns by speci-
fications MIL-G-3859, and MIL-G-16566
{SHIP); and hose assemblies by specification
MIL-H-3868. High pressure lubrication equip-
ment such as that shown in figure 3.13 is a
commercial item.

3.2.2.1.1 Lubricant Pump, Bucket-Type. The
bucket-type, hand-operated, lubricant pump,
figure 3,11, is typical of lubrication devices
for naval ordnance equipment and is covered
by specification MIL-L-3910 and the Military
Standards referenced therein. It is used to
apply grease under high pressure through
hydraulic type fittings, figure 3.1. An attach-
ment is provided for loading hand-operated
grease guns. Various accessories, lipures
3.2 and 3. 11, can be attached to enable appli-
cation of lubricant in hard-to-reach locations.

Because the parts and accessories em-
ployed in the bucket-type pump are typical of
those used for lubrication, a brief description
follows:

Bucket.
pounds.

Pump Assembly With Follower Plate. Used
for pumping grease.

Hose. A 10-foot length of 3/8-inch, oil-
resistant, high-pressure rubber hose, with
one male fitting for hydraulic coupler and one
female fitting for attaching to bucket-pump
loader adapter.

Loader Adapter. Fitting attached to pump
outlet, with provision for attaching hose and
gun-loader valve,

Loader Valve. A ball valve attached to the
pump through the loader adapter, for loading
hand grease guns.

Hose Plug. A dead-end hydraulic fitting to
which the hydraulic coupling at the end of the
hose may be attached when the hose is not in
use, or when the pump is being used as a gun
loader.

Btowing Guide. Used to hold the end of the
hose firmly while the hose is attached to the
hose plug.

Carrying Handle,
the entire assembly.

The container; capacity 25-30

For lifting or carrying

3.2.2.2 Accessories. In addition to those
described above, other accessories are used
for attaching hose or gun outlets to various
types of fittings. Some of these, with the fit-
tings to which they are applied, are illustrated
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Figure 3,13 - Air-Powered High-Pressure Lubricator
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in figures 3.2 and 3.3. The approved types
are covered by specification MIL-L-4387 and
the Military Standards referenced therein.

3.2.2.2.1 Hydraulic Coupler. The hydraulic
coupler, figure 3.11 is a device used for
attaching high pressure lubricators to the
standard hydraulic fittings shown in figure 3.1,
The coupler is attached by spring-actuated
jaws, which exert a strong gripping action on
the fitting while the grease pressure acts on a
gealing nozzle to prevent leakage.

3.2,2.2.2 Adapters. A gun or hose with a
hydraulic coupler may be modified for use on
other types of fittings by using the proper
adapters selected from those illustrated in fig-
ure 3. 2.

3.2.2.3 Portable Filters. For purifying or
clarifying hydraulic fluids, a filtering device
with a self-contained pump such as that illus-
trated in figure 3. 14 is used. When a sample
of fluid from the hydraulic system shows the
presence of dirt or water, the fluid should be
drained and pumped through the portable filter.
Careful attention should be given to the instruc-
tions furnished with the equipment, with due
emphasis on cleanness and use of the proper
type of filter element recommended, to avoid
removal of additives from hydraulic fluids.
See paragraph 4.1.2. 10. 1 for filtering proce-
dures to insure cleanliness of hydraulic fluids.

3.3 LUBRICANTS.

d.3.1 TYPES AND PROPERTIES. Lubricants
for naval ordnance systems are selected on the
basis of necessary or desired characteristics
including:

a. Maximum reduction of {riction between
bearing surfaces

b. Corrosion inhibiting properties

c. Stability over a wide temperature range
d. Ability to withstand high pressures

e. Low volatility at operating temperatures
f. Resistance to oxidation

g. Resistance to emulsification

h. Resistance to environmental contamina-
tion by the particular application

Although the properties of various lubricants
are listed herein, the applicable specifications
should be consulted and the properties and
characteristics of the material reviewed prior
to its selection for a specific application.

For many applications, liquid lubricants
such as petroleum or synthetic oils are suit-
able, particularly if the lubricant can be re-
tained, as in an oil bath, a gear box, orina
forced-feed system. Where conditions are such
that oil is not readily retained, or additional
protection against corrosion is needed, greases
are used. In applications where the operating
temperature is too high for satisfactory lubri-
cation by cils or greases, graphite, molyb-
denum disulfide, or bonded dry film made from
these materials may be used. If solid or dry
film lubricants are used, the bearing surfaces
may require pretreatment prior to application
in order to insure good adhesion of the lubri-
cant film. Some of these applications require
the use of preservative lubricants during
standby periods.

3.3.1.1 Restrictions for Special Lubricants.
Special lubricants which are required for spe-
cific naval ordnance operational requirements
should have the desired characteristics for a
marine environment. The constituents of such
special lubricants must be comparable to those
in approved lubricants, Special lubricants
must be approved before they are used on naval
ordnance equipment.

3.3.2 Petroleum-Base Lubricating Oils.
Petroleam-base lubricating cils, or mineral
oils, are composed mainly of hydrocarbons.
The important properties of these oils are vis-
cosity, viscosity index, pour point, resistance
to deterioration, and retardation of corrosion.
Additives are used to improve properties such
as viscosity index, pour point, oxidation stabil-
ity and corrosion prevention. Viscosity of the
oils depends largely on the fraction of petro-
leum which is selected. Corrosion-inhibited
olls should be used where standby storage or
continued exposure are involved. Specification
and stock numbers for oils are given in table

<. [ i

3.3.2.1 Military Symbol Qils. Military Sym-
bol (MS) oils are petroleum base oils covered
by certain military specifications. They con-
tain no corrosion inhibitors. Some of these
pilg are used in ordnance systems for oil bath,
oil can, or forced-feed lubrication where the
equipment is enclosed or otherwise protected
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from corrosion environment. The symbol used
to designate these oils is a four digit number in
which the first digit indicates the series or
type and the last three digits indicate the ap-
proximate Saybolt viscosity. Viscosities are
measured at 130°F for all series 2, series 8,
and series 9 oils. All other series are meas-
ured at 210°F. The lubricating oil series is as
follows:

Series Type

Aircraft Engine
General Purpose
General Purpose
Compounded
Cylinder, Mineral
Compounded
Compounded
Compounded
Diesel Engine

Lubricating Qil,
Lubricating Qil,
Lubricating 0il,
Lubricating Qil,
Lubricating Qil,
Lubricating Oil,
Lubricating Oil,
Lubricating Oil,
Lubricating Oil,

0 00 =3 Ch LN ke SO B e

The following illustrates the symbol system:

a. MS 2135 indicates a general purpose oil
(series 2) having a viscosity of approximately
135 8.U. 8. at 130°F.

b. MS 4065 indicates a compounded oil
(series 4) having a viscosity of approximately
65 8.U.8. at 210°F.

3.3.2.1.1 Comparison with SAE Qils. Many
MS oils correspond in viscosity ranges to cer-
tain oils designated by SAE (Society of Auto-
motive Engineers) numbers, as indicated in

that the SAE numbers constitute a classifica-
tion in terms of viscosity only, without consid-
ering other characteristics or quality factors.
Accordingly, the substitution of SAE oils for
Military Symbol oils is permissible only in
emergencies, as explained in paragraph
3.3.2.1.4.

3.3.2.1.2 Characteristics and Uses of MS
0ils. Some of the characteristics and uses of
MS oils approved for naval ordnance systems
are given in table 3. 3. More complete data
will be found in the applicable specifications.
The oils listed are intended for use where:

a. Temperatures within the equipment do
not exceed 250°F or fall below 0°F in normal
operation.

b. Ambient temperatures are between 0°F
and 150°F,

c. Protection against corrosion is adequate
without inhibitors.

d. Loads are within moderate limits.

e. Retention, replenishment, or circulation
of the oil is provided for,

Where operating temperatures are above
250°F, or below 0°F, lubricants other than MS
oils should be selected from those approved
for use in naval ordnance systems. Oils of
lower viscosity should be used where splash or
forced circulation lubrication systems are em-

table 3.2, It should be emphasized, however, ployed. These systems are preferred when
Table 3.2 - SAE Numbers, Viscosities, and Corresponding MS Numbers
VISCOSITY (SUS)
SAE c. . MS
NO. o5 $E NUMBER
MIN MAX MIN MAX

5W -a 4, 000 39 - i

10w 6, 0001 12, 000 39 - 2075 TH, 2110

20w 12, 0002 48, 000 39 -- 2110

20 - - 45 58 2110, 2135, 2190 TEP,

3050, 9170

30 -- -- 58 70 1065, 3050, 9250

40 - - 0 85 9370

50 -- - 85 110 1100, 3100, 9500

1 Minimum viscosity at 0°F may be waived if viscosity at 210°F is not below 40 SUS.

2 Minimum viscosity at 0°F may be waived if viscosity at 210°F is not below 45 SUS.
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dissipation of heat is a major factor, as in
enclosed gear trains, high speed gimbal or

socket joints, and linkages. In comparing vis-

cosities of oils, care must be taken that the

values compared are at the same temperature.

See figure 3. 15 for the relationship between

viscosity and temperature, and figure 3. 16 for
inter-relation of viscosity values in centistokes

and Saybolt universal seconds.

In general, the series 1000 oils have higher

viscosity indices and lower pour points than the

corresponding oils of the 2000 and 3000 series.

Specification requirements for the 3000 series

oils differ from those of the 2000 series by
including minimum viscosity index values.

Table 3.3 - Properties and Principal Uses of Military Symbol Qils,

Petroleum Base

SPECIFICATION

VISCOSITY
RANGE
SUs

130°F 210°F

POUR
POINT
MAX“F

VISCOSITY
INDEX
MIN

PRINCIPAL USES

ALTERNATES

MIL-L-6082
MS 1065

MS 1100

MIL-L-15018
MS 2110

MsS 2135

MS 2190

MS 3050

2501 62-68

5001 93-103

90-120 451

120-145 501

581

185-205

1251 45.55

0

10

35

100

95

%

Spur or helical gear
reduction units, high
speed, running in an
oil bath; worms and
worm wheels operat-
ing in enclosed
brackets containing
other working parts
for which a heavier
oil is not suitable.

Force feed to gears
and spindles of main
engine of hot running
torpedoes; breech-
door mechanisms on
torpedo tubes.

Various components
on specified tor-
pedoes. Also used as
a second choice
alternate for the pri-
mary application
listed below for MS
3042,

General purpose
lubricant, moderate
loads.

General purpose
lubricant, moderate
loads.

General use on ship-
board equipment for
oil can point lubrica-
tion and for forced-
feed circulating

MIL-L-22851
Type III

MIL-L-22851
Type 11

MIL-L-17672
MS 2075 TH

MIL-L-15016
MS 2110

MIL-L-17331
MS2190 TEP

MIL-L-17672
MS 2135 TH
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Table 3.3 - Properties and Principal Uses of Military Symbol Oils,

Petroleum Base (Continued)

SPECIFICATION

VISCOSITY
RANGE
SUs
130°F 210°F

POUR
POINT
MAX °F

VISCOSITY
INDEX
MIN

PRINCIPAL USES

ALTERNATES

MIL-L-15016
MS 3050
(Cont'd)

MIL-L-15018
MS 5190

MS 5230

MIL-1.-17331
MS 2190
TEP2

MIL-L-17672
MS 2075
TH

15001 180-220

L

18001  220-240

170-1901 53

n0-981  40-47

60

20

=20

90

systems, spur or
helical gear sets,

high speed, light duty,
running in an oil bath,
hand operated or
power driven; ball and
roller bearings which
depend on free flow

of lubricant to work-
ing surfaces; heavily
loaded guide slots on
power transfer trays
and slide guide slots
on 16" turrets.

Lubricating compo-
nents within the main
engine housings of
specified torpedoes.

General purpose
lubricant, heavy
loads.

General purpose
lubricant, moder-
ately heavy loads and
lubricating specified
torpedo components
or as a second-choice
alternate for applica-
tions listed for

MS 1065.

A buffer fluid and
light lubricant. Used
in the hydropneu-
matic counter-recoil
mechanisms of cer-
tain 5"/38- and
5'/54 -caliber hous-
ings and of all major
caliber slides. Also
used in specified
buffers. Spur or
helical gFears in
brackets, and all

MS 1065 or
MS 1100

MIL-L-17672
MS 2075 TH
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Table 3.3 - Properties and Principal Uses of Military Symbol Dils,
Petroleum Base (Continued)

VISCOSITY
RANGE POUR |VISCOSITY
SPECIFICATION SUS POINT INDEX PRINCIPAL USES ALTERNATES
130°F 210°F | MAX °F MIN
MIL-L-17672 simple linkages, or
MS 2075 TH3 other close-fitted
(Cont'd) working parts not

equipped with lubri-
cation fittings, and in
other applications
where anticorrosion
and antioxidation
properties are re-
quired.

IAppm:-:imate value from viscosity -temperature chart
2 Replaces MS 2075 and MS 3042 of MIL -L-15016
3 Replaces MS 2250, MS 3065, MS 3080, MS 3100, MS 3120 and MS 3150 of MIL-L-15016

3.3.2.1.3 Alternates. The 1000 and 3000 ser-
ies oils may be used as alternates to the 2000
and 5000 series oils of the same viscosity
range, e.g. MS 1065 (viscosity G62-68 5.1.8. at
210°F) may be used as an alternate to MS 2250
(viscosity 68 5. U. 5. at 210°F) or M5 3150
(140-160 S.U.S. at 210°F) for MS 5150 (135-165
5.U.8. at 210°F). See table 3. 3.

3.3.2.1.4 Bubstitutes. In emergencies, a
2000 series oil may temporarily replace a 3000
series oil of corresponding viscosity, as for
example MS 2075 for MS 3042, Similarly, SAE
oils of corresponding viscosity may temporarily
replace the heavier oil MS 5230; or an oil of
somewhat lower viscosity may be substituted
as a temporary replacement. In all cases
where alternates or substitutes are used, they
must be replaced by the recommended or ap-
proved lubricants as soon as possible.

3.3.2.2 Petroleum-Base Dils with Corrosion
Inhibitors. Petroleum base oils containing
corrosion inhibitors are listed in table 3. 4.
These oils provide corrosion protection to
metal surfaces and are approved and preferred
for uge in naval ordnance systems. They
should always be considered for use where
short-term preservation is a requirement. In
general, these oils may be used at tempera-
tures lower than those for which the MS oils
are suitable,

3.3.2.3 Petroleum-Base Gear Qils. The fol-
lowing two oils, approved for use as gear

3-24

lubricants under extreme pressure conditions,
contain additives to improve their load-carrying

_ properties:

MIL-L-6086 Lubricating Oil, Gear,
Petroleum Base

MIL-L-18486 (NOrd) Lubricant, Worm Gear

These vils are required to pass perform-
ance tests to demonstrate their effectiveness in
preventing wear and improving efficiency in
operation. They are also required to be non-
corrosive to copper. Some of the characteris-
tics of these oils are given in table 3. 5.

3.3.2.4 Lubricant for Chains, Exposed Gears,
and Wire Rope. Specification VV-L-751 covers
highly viscous petroleum-base lubricants for
chains, exposed low-speed gears having wide
dimensional tolerances, wire ropes, and cables
subjeect to continuous or intermittent under-
water exposure. These materials, also known
as cable or wire rope preservatives, wire rope
dressings, wire rope greases, wire rope com-
pounds, and gear shields, are usually heated
before application. Type I of VV-L-751 has no
rust-preventive properties, and may be used
only as an emergency substitute. Type II,
which has rust inhibiting characteristics, is
preferred for use in naval ordnance systems.
Properties of the three grades under Type Il
are shown in table 3. 6.

3.3.2.5 Insulating Qil for Electrical Equip-
ment, Specification VV-1-530. This oil is
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Table 3.4 - Properties and Principal Uses of Petroleum Oils Containing
Corrosion Inhibitors

VISCOSITY

Cs Cs MAX. POUR
100°F sUS AT TEMP. | POINT
MIN. 130°F | INDICATED | MAX °F

SPECIFICATION PRINCIPAL USES

VV-L-B00 12 - 7000 (-40°F) =70 General purpose, preservative, is
intended for use in the lubrication
and protection against corrosion of
certain small arms and automatic
weapons and whenever a general
purpose, water displacing, low
temperature lubricating oil is re-
quired, 0Qil should not be used if
temperature is lower than -40°F.
Fuze Lubricant.

MIL-L-3150 - 185-225 - 20 Medium preservative lubricant
for machine guns and other equip-
ment; for long-term storage when
properly packaged and packed.

MIL-L-3503 18 - 630 (0°F) =50 Preservative lubricant, used on
.30 cal, .50 cal, 20 mm and 40
mm AA machine guns for long-
term storage when properly pack-
aged and packed.

MIL-L-16958 - 125-135 - 0 Preservative lubricant for torpedo
gyroscopes and gyroscope bearings
in some range-finder stabilizers.

MIL-L-19224
(NOrd)

Grade A - 90-120 - -30 Lightly loaded gears, linkages,
slots, pins; response gears in
turrets, gear trains with forced-
feed systems; journal bearings;
exposed location.

Grade B - 45-55 - =30 Medium-loaded gears, linkages,
(210°F) slots, pins; oil-bath lubricated,
high-speed reduction gears on

5'/38 mounts, exposed location.

Grade C - 60-T0 - -30 Gears, linkages, slots, pins; oil-
(210°F) bath lubricated train and elevation
gears of 8" and 16" turrets:
Moderately heavy loads, exposed
location.
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intended primarily for use as an insulating and
cooling medium in oil-immersed transformers,
switches, and circuit breakers. It is a refined
petroleum base oil, free of water and other
contaminants, with a maximum viscosity of 66
S.U.S. at 100°F, a pour point maximum of
-40°F, and a dielectric strength of not less than
30, 000 volts when tested with one-inch diam-
eter electrodes 0. 100 inch apart. For electri-
cal purposes, there is no approved substitute
for this material. Because of its low viscosity
it may be used to dilute heavier petroleum oils
for extreme cold weather lubrication.

3.3.3 BREECHBLOCK LUBRICANT, SPECI-
FICATION MIL-L-16785. This lubricant is a
mixture of castor oil, specification JJJ-C-86
and MS 2135 oil, used to prevent galling of the
bearing surfaces of either sliding or inter-
rupted thread type breechblocks. The lubri-
cant is applied by brushing or swabbing, after
which the excess is removed. During continu-
ous firing operations, the lubricant should be
reapplied frequently. If not available already
mixed the lubricant may be prepared for use by
thoroughly mixing the ingredients in the pro-
portions shown in table 3.7. Since the two oils
are not soluble or miscible with each other the
lubricant should always be well mixed immedi-
ately before use.

3.3.4 GRAPHITE-BASE LUBRICANTS.
Graphite-base lubricants are composed of oils
or other liquids containing colloidal graphite
in suspension, and are approved only for spe-
cific applications. The graphite is an adherent
lubricant which will remain on the metal for
some time after the liquid has evaporated or
has been urned off. The liquid used in the
specification MIL-G-17745 lubricant is a syn-
thetic oil which breaks down at high tempera-
tures and evaporates without leaving a resinous
deposit. Graphite-base lubricants approved
for naval ordnance systems are:
MIL-L-3572 Lubrieant, Colloidal
Graphite in Qil
MIL-G-17745 (NOrd) Graphite, Colloidal (in
Polvalkylene Glycol)
Graphite, Colloidal,
Lubricant, Pressure

Spray Applied

Characteristics of these lubricants are
given in table 3. 8.

MIL -G -26548

3.3.5 SYNTHETIC OILS. These oils com-
posed largely or entirely of synthetic materials,
provide satisfactory lubrication and corrosion
prevention under conditions where petroleum-
base lubricants are unsuitable. It should be

Table 3.5 - Properties and Principal Uses of Gear Oils, Petroleum-Base

VISCOSITY VISCOSITY | POUR
SPECIFICATION (8US) INDEX POINT PRINCIPAL USES
100°F 210°F MIN MAX °F
MIL-L-6086 Gearing extreme pressure;
Grade L 100-165 - BO -40 Gear trains, below -20°F
Grade M 275-325 - BO =20 Gear trains, below -20°F
MIL-L-18486
Grade I 750! 95-105 120 10 Enclosed worm gears 0°F to 150°F
Grade II 300-500 60-70 115 -20 Extreme pressure (EP) lubrica-
tion: as all-temperature gear
lubricant in the train pinion hous -
ing, response gears, and front
hopper frame gearing of 3"/70
twin mounts
1 Approximate value from viscosity-temperature chart.
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Table 3.6 - Characteristics and Uses of Lubricants for Chains, Exposed Gears,

and Wire Rope

VISCOSITY | POUR |SOFTENING| PENETRA-
SPECIFICATION| (SFS)! | POINT | POINT TION USES CONDI~
210°F | MAX °F °F 77°F SN
VV-L-T51
Type 1
Grade A 25-55 60 A lubricant and Cold
corrosion preven- | Weather
tive for chains,
wire ropes, and
cables, after they
are placed in
service. Used for
underwater expo-
sure.
Grade B T5-125 80 Same as Grade A Warm
Weather
Grade C 140-250 100 Same as Grade A Hot
Weather
MIL-L-22803 300-800 135-150 B0-100 As a preserva-
(WEP) (250°F) tive and lubricant
to be applied to
vegetable fiber
strands used in
the manufacture
of wire rope
MIL-G-18458A 200-300 To provide lubri-
{(Ships) cation and corro-
sion protection
for running wire
ropes and ex-
posed gears
ISH}Pbﬂlt Furol Seconds
noted that some synthetic oils have a greater MIL-L-3918 Lubricating Oil, Instru-
deteriorating effect on rubber materials, cer- ment, Jewel Bearing,
tain insulators, and organic coatings than non-spreading, Low
petroleum-base oils. Before substituting syn- Temperature
thetic lubricants for other synthetic lubricants
or for petroleum-base lubricants, be certain MIL-L-6085 Lubricating Oil, Aircraft
they will not have a rapid deteriorating effect Instrument, Low Vola-
on rubber or other organic materials which the tility
lubricant contacts. The synthetic oils listed
below contain corrosion inhibitors and oxida- MIL-L-11734 Lubricating Oil, Syn-

tion retardants. Characteristics and uses of
these oils are given in tables 3.9 and 3. 12,

thetic for Mechanical
Time Fuzes
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Table 3.7 - Breechblock Lubricant, MIL-L-16785

COMPOSITION VISCOSITY POUR
GRADE PARTS BY VOLUME (sus) POINT | CONDITIONS | ALTERNATE
MS 2135 | CASTOR OIL 210°F MAX OF
A 5 2 50-80 50 Summer MS 3050
+ Castor 0Qil
B 10 1 45-55 [i] Winter M3 3050
+ Castor 0il
Table 3.8 - Properties and Principal Uses of Graphite and Molybdenum
Disulfide Base Lubricants
GRAPHITE VISCOSITY POUR
SPECIFICATION OR MoSg (SUS) POINT PRINCIPAL USES
% BY WEIGHT| 100°F 210°F | MAX°F
MIL-L-3572
Grade A (Light) 2(1) 90-100 -- -50 Machine-gun housing slides,
windshield wipers and
other lightly-loaded sliding
members exposed to normal
and cold temperatures.
Grade B(Medium) 10t |110-135  -- 15 | Gear trains of hot-running
torpedoes.
Grade C (Heavy) 10(1) -= 275 Min, 15 Medium or heavy-duty gun
slides.
MIL-G-17745
Grade A (Light) 5(1) --  70-100| -30 Light and medium loaded
components of rocket
launchers: -200 to BOD°F,
Grade B(Heavy) 5(1) -~ 250-350 -20 Gun slide liners, guides,
spring guides and housing
guides: heavy loads.
MIL-G-26548 .8(1) - -- -- High speed sliding motion
applications at temperatures|
of -65°F to TO0°F.
MIL-L-25681B (ASG) 50(2)  |300-395 79-05 -- Use on slow speed sliding
surfaces operating at

NOTES:
{1) Graphite

(2) Molybderum Disulfide (MoSs)

temperatures to 750°F and
for use as an antiseize com -
pound on threaded parts
which operate at tempera-
tures to 1400°F. This
material should not be used
on antifriction bearings
under any circumstances,
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Table 3.9 - Properties and Principal Uses of Synthetic Qils

VISCOSITY (Cs)

MAX AT
°F SHOWN

SPECIFICATION [  ;o0.p

POUR
POINT
MAX °F

PRINCIPAL USES

MIL-L-3918 9.5-10.5 =i

8 Min.
(130°F)

MIL-L-6085 12, 000

(-65)

12,5 1.0

MIL-L-11734 15,000

(=707}

-40 Jewel bearings in chronometers,
watch and clock mechanisms,
meters, instruments; low tem-
perature, nonspreading.

-T0 Fire-control equipment contain-
ing synchros, computing mecha-
nisms, control devices, and
other lightly-loaded equipment;
for optical equipment, precision
bearings, gears, and sliding
surfaces over a wide tempera-
ture range where loads are
moderate; for some gyro-rotor
bearings and gun sights, Low
temperature, low volatility.
Does not fog optical elements by
condensation.

=80 Mechanical time fuzes, -65°
to 125°F

d.3.6 GREASES

3.3.6.1 General Information. Lubricating
greases are used in applications where the use
of fluid lubricants is not feasible, In cases
where gpace and weight limitations exclude the
use of lubricant reservoirs, a suitable lubri-
cating grease will provide the necessary ex-
tended lubrication due to its retention proper-
ties. Further, in applications where fluid tight
seals are not possible, lubricating greases will
form a seal and provide protection against
contaminants. This sealing is of special im-
portance in bearings which operate in either
wet or dirty areas. Lubricating greases are
also used to replace fluid lubricants when the
part to be lubricated is not accessible. Often,
in such cases, the guantity of grease in a bear-
ing is expected to provide lubrication for a long
period. The consistency, plasticity, texture,
flow characteristics under pressure, and other
properties of a lubricating grease depend on
the types and proportions of fluids, thickening
agents and processing techniques.

3.3.6.1.1 Fluid Components. Greases are
mixtures of lubricating fluids and suitable
thickening agents.
base, synthetic, or mixtures of these. Lubri-
cating grease with synthetic oils are used in

The fluids may be petroleum-

applications where the requirements are such
that petroleum oils are not adequate for reasons
of temperature, oxidation stability, metal
wear, low temperature operations, etc. Typical
synthetic fluids used as lubricants include syn-
thetic esters, fluorocarbons, silicones, and
polyalkylene glycols, It should be noted that
greases with synthetic fluid components may
have a greater deteriorating effect on rubber
materials, certain insulators, and organic
copatings than those made with petroleum oils.

34.3.6.1.2 Thickeners. Soaps such as alumi-
num, lithivm, sodium, calcium, and barium
may be used as thickening agents. Greases
containing lithium or sodium soaps generally
have higher dropping points than those contain-
ing other soaps and are therefore more suitable
for use at higher temperatures, Calcium-soap
grease is used where the highest water-resist-
ance is required. Generally, the sodium-soap
greases are not water -resistant and should not
be used in such applications unless the water-
resistance property is controlled by the speci-
fication, Lithium-soap greases are used in
many applications because of their high degree
of stability over a wide temperature range and
their excellent preservative properties., In
order to satisfy the high-temperature require-
ments of some ordnance systems, nonsoap
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thickeners are required. These thickeners
cover a wide range of materials such as treated
silica, modified ¢lays, resins of alkyl urea

type and dyes.

3.3.6.1.3 Additives and Modifiers. Most
lubricating greases contain various additivies
to either modify the structure, change the
color, or to improve performance of the fin-
ished grease. These added agents may be anti-
oxidants, extreme pressure agents, pour-point
depressors, viscosity index improvers, rust
preventives, water-resistant improvers, oili-

ness or lubricity materials, pigments or fillers.

3.3.6.2 Characteristics of Approved Greases.
Lubricating greases approved for ordnance
system use, together with their principal char-
acteristics and uses are listed in table 3, 10.
Most of the greases afford protection against
corrosion and may be used as preservatives as
well as lubricants, Consult the specification
for additional properties such as load carrying
capacity, rubber swell, low temperature torque
and for the special performance tests required.

3.3.6.3 Brand- or Trade-Name Lubricants
(Nonstandard). A nonstandard lubricant is a
lubricant procured on a brand- or trade-name
basis. In accordance with MIL-STD-838A the
use of nonstandard lubricants will not be ap-
proved by the procuring activity except in the
following instances:

a. Potentially suitable standard lubricants
have been tested by contractor or his vendor in
the application and found o be inadequate for
the minimum performance requirements of the
equipment involved.

b, The specific part requiring the non-
standard lubricant does not require lubrication
at any time during its operating life.

c. The specific part requiring the non-
standard lubricant will be relubricated only at
major overhauls by either the manufacturer of
the part, or by a designated commercial main-
tenance facility that supplies the lubricant as
part of a maintenance contract. In the event
that a nonstandard lubricant is proposed for
use, the contractor shall furnish an adequate
description of the material and submit it for
approval.

3.3.7 SOLID FILM LUBRICANTS.

3.3.7.1 Conventional Solid Film Lubricants.
Natural flake graphite of various particle sizes
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is used in lubricating such equipment as
counters, locks, and other mechanisms in which
an oil might tend to become gummy or cause
sticking of small parts, Specification S5-G-659
for graphite covers three particle sizes, of
which two, medium and small, are normally
used in ordnance. Specification MIL-G-6711
covers a high-grade, powdered graphite below
No. 200 sieve size, for use either for a dry
lubricant or mixed with a suitable Government
specified oil. Both graphite and molybdenum
disulfide, specification MIL-M-7866, are used
in special high-temperature applications where
lubricants which vaporize or carbonize can not
be tolerated. The preferred graphite-base
lubricants described in paragraph 3. 3. 4 con-
tain colloidal graphite which is much finer than
the flake graphite of specification 85-G-659.

3.3.7.2 Improved Solid Film Lubricants. Solid
film lubricants are dispersions of lubricating
pigment in a fluid-binder mixture, and when
applied to a metal surface and cured will result
in a lubricant film of . 0002-.0005 of an inch
thick.

The lubricant-binder mixture is usually di-
luted with solvent to a spraying consistency
where deposition can be effected by spraying
with air or nonreactive gases from either a
spray gun or an aerosol container. The lubri-
cating pigment can be solid inorganic or organic
compounds of which molybdenum disulfide,
graphite and polytetrafluorcethylene are the
most common., The binder systems can be
thermosetting resins, air drying resins, ceram-
ics, metal-matrix lubricant systems, silicates,
phosphates, borates, etc.

The resultant combination of lubricant pig-
ment and binder -solutions are diluted with
appropriate organie or inorganic solvents, this
mixture is then applied to metal surfaces by
either spraying (preferred), dipping or tum-
bling. The solvent is then allowed to evaporate
and the proper temperature,/time cycle is fol-
lowed to cure the binder utilized.

The processing steps for deposition of solid
film lubricants are as follows:

a. Degrease (trichloroethylene or perchlo-
roethylene)

b, Pretreatment
c. Deposition of solid film lubricant

d. Cure cycle
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Table 3, 10 - Properties and Principal Uses of Greases

b CTRiC AN T}:LCI‘;L WORKED corrosioN [ OPBRATING | pisTinGuisHING
TYPE PENETRATION | REQUIREMENT (°F) CHARACTERISTICS PRINCIPAL USES
Vv-P-236 Petroleum Corrosion on Viscosity, T0-85 Very limited use as a
copper SUS at 210°F; min lubricant. Only for
flash point 390°F; very light loads.
unworked penetra-
tion, 150°-275%
good dielectric
properties; poor
lubricant below 30°F
MIL-G-4343
Grease, Pneu- Silicone- 260-300 Rust-preventive | -65 to 200 Satisfactory for Pneumatic systems as
matic System di-ester properties pressures up to a lubricant between
2,000 psi. Con- rubber seals and metal
trolled rubber parts (under dynamic
swell conditions). May be
used for pressurized
cabin bulkhead grom-
mets and other mecha-
nisms requiring rub-
ber to metal lubrica-
tion.
MIL-G-6032
Grease, Plug A mixture Max 310 Corrosion on 32 to 200 Resistant to fuel, Tapered plug valves,
Valve, Gasoline | of animal, steel. oil, water, and gaskets, and other
and Oil Resist- vegetable, Corrosion on aleohol applications in fuel and
ant or synthetic copper. oil systems where
oil, or a gasoline, oil, alcohol,
combination and water resistance
thereof is required.
MIL-G-T711
Grease, Air- Mineral and/ 265-340 Rust-preventive | -40 to 250 General purpose Antifriction bearings,
craft, General or synthetic properties. aireraft lubricant gear boxes and plain
Purpose Corrosion on bearings where opera-
copper. tion at both low and

high temperature may
be required.
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Table 3. 10 - Properties and Principal Uses of Greases [Continued)

TYPICAL OPERATING
WOREKED CORROSION DISTINGUISHING
SPECIFICATION | FLUID | PENETRATION | REQUIREMENT R |\ CHARACTERBTIOS | - FRINCIALSES
MIL-G-10924
rease, Auto- Mineral 265-295 Rust-preventive | -65 to 175 General purpose Lubrication and surface|
motive and and/or properties, automotive and corrosion prevention
Artillery synthetie Corrosion on artillery lubricant of artillery equipment
copper operating in the speci-
fied temperature range.
MIL-L-15719
Lubriecating Polymethyl- 260-330 Corrosion on 0 to 300 Lubrication of ball For lubricating Class
Grease (High phenyl sili- copper and roller bearings | H insulated (silicone)
Temperature cone only electric motors with
Electric Motor, heat stabilized ball
Ball and Roller bearings.
Bearings)
MIL-G-18458
Grease, Wire Petroleum 200-300 Salt spray. -20 to 150 Low temperature To provide lubrication
Rope, Exposed Accelerated flexibility; resist- and corrosion protec-
Gear weathering ance to weathering | tion for running wire
and salt spray ropes and exposed
corrosion gears.
MIL-G-18709
Grease, Ball and | Petroleum Established in | Corrosion on 32 to 225 Antifriction bear - Motor -generator and
Roller Bearing qualification copper ing lubricant other antifriction
test operating in the bearings operating at
specified tempera- | medium speeds.
ture range
MIL-L-19701
Lubricant, Air- | Silicone- Rust prevention -65 to 160 Semifluid com- The entire assembly
craft Ordnance, | di-ester (steel) patible with oil- of aircraft machine

All-weather,
Semifluid

resistant rubber
and capable of
lubrication under
chill, sweat-chill
cycling conditions

guns, associated
mechanisms, and
other weapons operat -
ing at low tempera-
tures.

(NOISIASYH HLENOJ) 0008 O QHOAVN
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Table 3. 10 - Properties and Principal Uses of Greases (Continued)

TYPICAL OPERATING
WORKED CORROSION DISTINGUISHING
SPECIFICATION | - FLUI® | PENETRATION | REQUIREMENT R‘:‘f;.(:E CHARACTERISTICS | PTRINCIPAL USES
MIL-G-21164
Grease, Molyb- | Di-ester 260-310 Rust-preventive | -65 to 250 Contains molyb- Accessory splines,
demum Disulfide properties. denum disulfide, heavily loaded sliding
Corrosion on antiseize com- steel surfaces or for
copper pound. antifriction bearings
carrying high unit
loads and operating
through wide tempera-
ture ranges.
MIL-G-21567
Compound, Silicone 260-320 Sea-water spray | -65 to 160 Grease-like, To protect artillery
Silicone, Soft silicone, rust- shell components from
Film preventive com- rusting and as a thread
pound lubricant for certain
bomb and fuze mecha-
nisms,
MIL-1.-22803
Lubriecant, Petroleum 80-100 Corrosion 32 to 150 Suitable for use as Used in the manufac-
Wire Rope (zinc-coated a preservative for ture of wire rope and
steel) vegetable fibre in the fabrication of
strands submarine nets.
MIL-G-23549
Grease, General | Mineral 270-315 Corrosion on 0 to 400 Non-soap thick- For footpads, auto-
Purpose copper. Salt ened petroleum motive, and ground
spray base grease con- support equipment.
taining MoSs for
heavy load appli-
cations
MIL-G-23827
Grease, Air- Di-ester 270-310 Rust-preventive | -100 to 260 | Synthetic multi- Conirel surface and
craft and properties. purpose aircraft rod and bearings,
Instrument, Bomb copper grease suitable for | cameras, electronic
Gear and Actu- corrosion antifriction bear- gear, gyros, propel-
ator Screw ings, actuators, lers and accessory
gears in specified equipment. Torpedo
temperature range | tail bearing.
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Table 3. 10 - Properties and Principal Uses of Greases (Continued)

TYPICAL OPERATING
WORKED CORROSION DISTINGUISHING
SEECIFICATION %Igg PENETRATION | REQUIREMENT %E CHARACTERISTICS PRINCIPAL USES
MIL-G-25013
Grease, Ball and | Silicone 260-330 Rust-preventive | -100 to 450 | Suitable for anti- Engine accessory
Roller Bearing properties. friction bearing equipment exposed to
Corrosion on lubrication at tem- | high temperatures and
copper peratures to 450°F | for landing gear appli-
cations for some high
performance aircraft.
MIL-G-27617
Grease, Air- Fluoro- 280-340 Rust-preventive | -30 to 400 Plug valve lubri- Used for valves, gas-
eraft, Fuel and carbon properties. cant stable to kets and bearings in
0il Resistant Corrosion on liguid oxygzen and aircraft and ground
copper resgistant to fuel support fuel systems.
and oil Also used for some
missile applications.
MIL-G-81322
Grease, Air- Synthetic 265-320 Rust-preventive | -65 to 350 General purpose Alternate for MIL-G-
craft, General properties. aircraft grease 7711 and MIL-G-23821,
Purpose, Wide Corrosion on (synthetic) Also as a design selec-
Temperature copper tion material.
Range

(NOISIAZY HLHNO4) 0008 0O QHOAVN
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Surface preparation and pretreatment are
considered extremely important to the mecha-
nism of solid film lubrication. Surface pre-
treatments such as phosphating, vapor grit
blasting, sand blasting and anodic coatings on
metals are advantageous in strengthening the
bond or adhesion of the lubricant-binder on the
surface of the part to be lubricated.

The surfaces to be lubricated should also be
free of grease, oil, dust, dirt and fingerprints,
Lint free cotton gloves should be used in han-
dling all parts prior to and after deposition of
the lubricant.

The following military specifications cover-
ing solid film lubricants are being used by the
Navy and Air Force:

a, MIL-L-8937(ASG) - Lubricant, Solid
Film, Heat Cured

This lubricant is intended for use on steel,
titanium, aluminum, alumimm alloys or on
other metals except those materials whose
properties may be adversely affected by expo-
sure to the specific cure cycle of 300°F for one
hour. It is useful where conventional lubri-
cants are difficult to apply or retain or where
other lubricants can be easily contaminated
with dirt and dust. It is generally suitable for
sliding motion applications such as in plain
spherical bearings, flap tracks, hinges and
cam surfaces,

b, MIL-L-2339BA(ASG) - Lubricant, Solid
Film, Air Drying

The uses for this lubricant are the same as
in MIL-L-8937 except that this material which
is cured by air drying at ambient temperatures
may be used when it is not feasible to use the
MIL-L-8937(ASG) type which requires baking
at an elevated temperature.

¢. MIL-L-81329(WP) - Lubricant, Solid
Film, Extreme Environment

This lubricant is intended for use in ex-
treme environments, such as temperatures
ranging firom -300°F to T50°F, liquid oxygen
and vacuum. It can be used in space vehicles,
bearing assemblies and other equipment where
the environments of temperature, nuclear
radiation and vacuum preclude the use of con-
ventional lubricants and organic solid film
lubricants.

3.3.8 ANTISEIZE COMPOUNDS. Antiseize
compounds are normally used to prevent gall-
ing and seizing of metal surfaces brought into
contact under high pressures. They contain
solids such as graphite, metal oxides, white
lead, and the molybdenum disulfide. Charac-
teristics and uses of antiseize compounds
approved for naval ordnance use are given in
table 3. 11.

Table 3.11 - Properties and Principal Uses of Antiseize Compounds

SPECIFICATION COMPOSITION PRINCIPAL USES
MIL-T-22361 Zine dust and petrolatum For aluminum and aluminum
alloys.

TT-A-580A White lead, asphalt, lubri- Threaded fittings, to 350°F.
cants

MIL-A-907 Graphite, MoSy, or other Ferrous metals (except austenitic
solids in liquid media steels), to 1050°F.

MIL-T-5544 Graphite and petrolatum Ferrous metals; thread fittings

MIL-T-27730A(ASG)
fluoroethylene

At least 99 percent polytetra

in hydraulic systems of guided
missiles and their associated
handling and launching equipment.

The tape is intended as an anti-
seize and sealant of pipe threads
of liguid and gaseous oxygen sys-
tems of 2,000 psi and less.
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3.4 SERVICE USE OF LUBRICANTS.

3.4.1 LUBRICATION INSTRUCTIONS. For
proper lubrication of the various components

of naval ordnance equipment such as bearings,
sliding parts, linkages, and gearing, follow the
lubrication charts and instructions furnished
for the particular equipment or for the general
type of equipment, such as fire-control instru-
ments. These charts and instructions are
revised frequently and it is important that the
latest revision be used, as the OPs accompany-
ing the equipment do not necessarily agree with
the current lubrication instructions and charts.
Special instructions for lubrication under ex-
treme conditions, supplementing those con-
tained in lubrication charts, are given in chap-
ter 7. Examples of application of lubricants to
various types of equipment are given in table
3.12,

3.4.2 LUBRICATION PROCEDURES.

3.4,2.1 Prevention of Contamination. Pre-
vention of contamination of lubricants and
fluids in naval ordnance systems equipment is
of prime importance. Contamination of lubri-
cants can seriously reduce machine output,
increase power consumption and contribute to
excessive maintenance expense. Foreign
materials such as dirt, metal particles, and
water may render equipment inoperable or
cause severe wear or damage. Even minute
foreign particles can effect adjustment or cause
faulty operation of delicate instruments., Water
and nonlubricating foreign matter can get into
an oil or grease while in storage, or during the
course of handling. Usually this can be attri-
buted to careless handling of containers, having
grease-drum covers off, or cil-drum bungs
loose so that water or other contaminants may
enter. It is equally important to keep lubri-
cants as clean in service as during storage. In
gservice, the handling procedure is often the
controlling factor. Careless usage of portable
lubricating equipment, or failure to wipe off
accumulated dirt from grease fittings or from
ring-piled bearing caps can easily lead to
abrasive dirt getting into the lubricant to cause
bearing wear, In order to promote effective
maintenance, the following pointers should be
adhered to:

a. Containers of lubricants and fluids should
be tightly closed when not in use and should be
carefully protected against foreign materials
when opened.

b. All surfaces, fittings, oil and grease
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caps, applicators such as grease guns, oil
cans, pressure lubricators, spray guns, spatu-
las, and brushes should be thoroughly cleaned
before using.

¢. Material which is suspected of being con-
taminated because of its unusual appearance,
unusual amount of separation of oils from the
soap component in greases, or separation of
insoluble additives from the parent material in
pils should not be used unless tests show it to
be in conformance with the requirements of the
applicable specification. Small or usual amounts
of separated oil observed in the grease con-
tainers may be poured off, but no attempt
should be made to remix it into the bulk of the
grease.

d. Workshop, shipboard location, and
lubricant storage areas should be kept clean
and orderly.

3.4.2.2 Application of Lubricants. WVarious
types of oilers, fittings, pressure lubricators,
filiers, and equipment accessories are de-
scribed in paragraph 3.2. Lubrication charts
generally show the following:

a. Type of material to be used at each
lubrication point.

b. Amount of lubricant, or filling level.
c. Frequency of replenishment or change.

d. Special procedures during lubrication.
Changes required for cold weather operation
and use of heaters.

3.4,2,3 Inspection of Lubricants, In addition
to the lubrication procedures indicated in the
instructions and charts for equipment, periodic
inspections should be made to determine
whether change or replenishment of lubricants
or hydraulic fluids is required. The following
conditions should be observed:

a. Fluid level,

b. Evidence of leaks, grease runout,
scratched or marred parts or any imperfec-
tions of dry film coating such as cracking,
blistering, flaking, etc.

¢. Lubricant losses in exposed areas.

d. Contamination by grit, metal particles,
dust, water and corrosion products.

e, Changes in appearance of lubricants
other than mere color change.
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f. Indications of excessive torque or drag
in handwheels, door hinges, etc.

g. All moving parts for surplus lubricant,
to prevent fouling by combination of dust, dirt,
or sand with oil or grease.

h. Evidence of poor filtration, clogged fil-
ters as indicated by excessively high pressure
drop across the filter or contaminated fluid.

i. Scoring of bearing surfaces or indica-
tions of metallic particles in the Jubricant.

j. Overheating or noise of bearings, gears,
and other moving components.

k. Evidence of willful tampering as indi-
cated by presence of abrasives such as sand,
emery, and pumice. Such materials can be
detected by diluting the lubricant with cleaning
solvent or gasoline and filtering.

When any of the previously observed condi-
tions indicate the need for replacement or re-
newal of lubricants, the necessary corrective
action should be taken immediately., If the
specified materials or alternates are not avail-
able, substitutes may be used temporarily.

J.4.2.4 Packing of Ball and Roller Bearings.
Prior to use, each bearing (regardless of type)
should be carefully examined and any bearing
showing evidence of rust, cracks, pitting, or
roughness should be rejected. Sealed bearings
may be presumed to be free from entrained
abrasive material if they turn smoothly. The
presence of corrosion, dirt, or scored surfaces
of a bearing are normally noted by the feel of a
bearing when turned slowly, about half a turn.

In the application of grease to ball and roller
bearings, it is important that sufficient grease
be applied without overpacking. When bearings
operate in proximity to electrical commutators
or when the operating speed of the bearing is
such that excessive churning and overheating
may result, the amount of grease in the bear-
ing must be controlled, and in general should
not exceed two thirds of the grease capacity of
the bearing. Overpacking may cause leaking
through seals, hard starting (excess torque)
increased friction, etc. The volume of lubri-
cant used in bearings can be controlled in sev-
eral ways. Bearings with removable closures
shall be grease lubricated before replacement
of closures. Excess grease may be removed

with a small metal spatula at the time of clo-
sure installation. Any method of metering in
the lubricant by weight or through volume
measurements is permissible, if the bearing is
rotated after lubrication in order to assure
complete coverage of internal bearing surfaces,
and if the final volume of the grease enclosed is
from one-half to two-thirds of the total internal
volume. The simplest method for controlling
excess lubricant is the rotation of the bearing
at approximately its operating speed, using a
motor-driven spindle,

In order to minimize bearing failures the
following measures are recommended:

a. Storage areas must be dry and {ree from
dust.

b. Leave bearings in shipping containers
until ready for use,

c¢. Carefully inspect bearings prior to use.

d. No spinning of bearings before or during
cleaning procedure.

2. Replace or assemble bearings carefully
to avold misalignment or overload.

3.4.2.5 Protection of Equipment Not Normally
Lubricated. Exercise extreme care to prevent
lubricants or other fluids from contacting
optical surfaces and other items not normally
lubricated. E=xcess lubricant should be re-
moved from exterior surfaces. Reservoirs
should be filled only to the specified levels to
avoid leakage. Lubricants should not be allowed
to remain in contact with rubber materials, in-
sulation, or organic coatings unless they are the
types selected as suitable for use with the
materials involved, see paragraph 3, 3.

3.4.3 SERVICE APPLICATIONS. Table 3,12
describes examples of service applications of
the various lubricants desecribed in paragraph
3.3. If the specified material or alternate is
available, do not use any other material. Use
substitutes only for temporary replacement,

for emergency measures and only as a last
resort, see paragraph 3,3.5. An exposed loca-
tion is one which is not normally heated or

fully protected from weather conditions, marine
atmosphere, or raw sea water. An enclosed
location is one normally heated or otherwise
protected from extreme weather conditions.
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Table 3.12 - Service Applications of Lubricants

APPROVED EMERGENCY
APPLICATION EXAMPLES MATERIALS ALTERNATES SUBSTITUTES
Aircraft Entire assemblies, | Chill-sweat-chill MIL-L-46000 MIL-G-4343B
machine guns -65° to 160°F conditions:
MIL-L-19701 (semi-
fluid)
Mechanisms, to Chill -sweat -chill MIL-L-46000 MIL-G-4343B
~-T0°F conditions:
MIL-1L-19701 (semi-
fluid)
Aireraft Sights and other Chill -sweat-chill MIL-L-46000 MIL-G-4343B
machine guns lightly loaded conditions:
mechanisms MIL-L-19701 {semi-
fluid)
Antiseize Threaded fittings- MIL-T-27T7T30A MIL-G-27617 MNone
oOXygen systems
Antiseize Threads control MIL-T-5544B MIL-A-907 TT-A-580
linkages
Antiseize Threads actuators MIL-T-55448 MIL-A-907 TT-A-580
Antiseize Threaded fittings- MIL-T-5544B MIL-A-907 TT-A-580
lines for fuel, oil,
alcohol, ete,
Antiseize Threaded fittings TT-A-580A MIL-A-907 TT-A-580
to 350°F
Bearings, ball | General MIL-G-TT11A MIL-G-81322 MIL-G-18709
and roller
Bearings, ball | Electric motor to MIL-L-15719A MIL-G-81322 MIL-G-18709
and roller 300°F
Bearings, ball | Electric motor, MIL-G-TT11A MIL-G-B1322 MIL-G-18T09
and roller greased, 0°to
250°F
Bearings, ball | Motor-Generator, MIL-G-18709A MIL-G-T11A MIL-G-81322
and roller 125° to 200°F
Bearings, ball | Oil-lubricated Exposed location: MS 3050 MS 2135
and roller motor; shaft on MIL-L-19224
5"/38 elevating (NORD)
telescope drive and | Grade B (oil)
cross-shaft
Bearings, ball | Oil-lubricated Enclosed location: MS 2135 None

and roller

motor and shaft

MS 3050 (odl)
alternate:
MIL-L-18224
(NORD)
Grade B (oil)
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Table 3. 12 - Service Applications of Lubricants (Continued)

APFROVED EMERGENCY
APPLICATION EXAMFPLES MATERIALS ALTERNATES SUBSTITUTES
Bearings, ball | Torpedo gyro MIL-L-16958A (oil) | None MNone
and roller
Bearings, ball | Instrument: synchro| Oiled;
and roller rotor, fire-control | MIL-L-6085A None VV-L-800
shaft Greased:
MIL-G-23827A MIL-G-81322 MIL-G-TT11A
Bearings, ball | High-speed, high- MIL-G-81322 MIL-G-2382TA | None
and roller temperature to
J00°F
Bearings, ball | Roller-path assem- | MIL-G-TT11A MIL-G-81322 MIL-G-18709
and roller bly; slide-trunnion; | MIL-G-235494A MIL-G-21164 MIL-G-81322
sprocket: miscel- where specified re-apply often
laneous shafting
lubricated through
fittings in the
bracket or housing
Bearings, Meters, timepieces | MIL-L-3918 oil VV-L-800
jewel
Bearings, Greased journal, MIL-G-TTL1A MIL-G-81322 MIL-G-18709
journal plain -20° to 120°F
Oiled journal Exposed location:
MIL-L-19224
{Nord)
Grade A (oil) MS 2075 TH None
Enclosed location:
MS 2075 TH (oil) MIL-1.-19224 MS 2075
(NOrd)
Grade A (oil)
Breechblocks Breechblocks on Summer:
and plugs 3" to 8" guns; MIL-L-16785A,
breech plugs on 8" | Grade A (oil) MS 3050 +
to 16" guns Winter or cold: castor oil
MIL-1.-16785A,
Grade B (oil)
Below 0°F
Grade B +20%
MIL-L-3503 (oil)
Camming sur- | Firing cam on 40~ MIL-G-23549A MIL-G-21164 MIL-G-81322
faces, grease mm quads; operat- | Cold weather:
lubricated ing shaft crank and | MIL-G-23549A MIL-G-21164 MIL-G-81322
cam on rapid-fire {thin film)

3"/50 mounts
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Table 3. 12 - Service Applications of Lubricants (Continued)

APPROVED EMERGENCY
APPLICATION EXAMPLES MATERIALS ALTERNATES SUBSTITUTES
Oil-lubricated Latch-retracting MIL-G-1T7745 1 part None
med, loads mechanism on Mk | Grade B VV-L-800
108 rocket launch- | Graphite base to G parts
ers (exposure to MIL-L-35T2
rocket blast) Grade C
Oil-lubricated | Guide latch of MIL-L-3572 MIL-G-17745 MNone
heavy loads Rocket Launcher Grade C Grade B
Mk 108 (rocket Graphite in oil
blast exposure)
Chains, exposed VV-L-751B None VV-L-T51B
heavy-duty Type O (wire rope Type I
dressing)
Cold weather:
Grade A None Grade A
Warm weather:
Grade B None Grade B
Hot weather:
Grade C None Grade C
Chain links, Operating chains Enclosed location:
light duty on breech mecha- MS 2075 TH MIL-L-19224
nisms, 5"/38 Grade A (oil)
mounts; links and Exposed location:
pins of projectile MIL-L-19224 MS 2075 TH
and powder hoist Grade A (oil)
chains on 5"/38 and
5"/54 mounts
Heavy duty Hoist chains of MIL-L-18486 (WEP)| MIL-L-6086 MS 1100
Rocket Launcher {gear oil) Grade M
Mk 108; rammer
chains on 8" to 16"
turrets
Circuit VV-1-530 (oil) None None
breakers
oil-immersed
Couplings, Vernier type on MIL-G-TT711 MIL-G-81322 MIL-G-18709
adjustable elevating gear
worm drive of 40
mm. Mount Mk 2
Electrical il -ingulated trans-| VV-1-530 (oil) None None
insulation formers, switches,
and circuit breakers
Fuzes, Mechanical time- MIL-1.-11734 VV-L-800
mechanical fuze mechanism
time
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Table 3. 12 - Service Applications of Lubricants (Continued)

APPROVED EMERGENCY
APPLICATION EXAMPLES MATERIALS ALTERNATES SUBSTITUTES
Gears, light Fire control instru- | MIL-G-2382TA MIL-G-81322
loads ment gears. He- Exposed location:
sponse gears in MIL-L-19224 MS 2075 TH
turrets; gear trains | (NOrd)
with forced feed Grade A (oil)
lubrication Enclosed location: MIL-1.-19224 None
MS 2075 TH (NOrd)
Grade A (oil)
Oil-bath lubricated | Exposed location:
high-speed reduction| MIL-L-19224 MS 3050 MS 2135
gears on 5"/38 (NOrd)
mounts Grade B (oil}
Enclosed location:
MS 3050 MIL-L.-19224 MS 2135
(NOrd)
Grade B (oil)
Greased handwheel, | MIL-G-TT11A MIL-G-B1322 MIL-G-18T00
pinion and idler
gears on 5'/38
mounts; sight ele-
vating and azimuth
arcs and pinions
on 3"/50 mounts
Moderate loads | Elevating worm MIL-L~-18486A None MS 1065
wheel drive, 5'""/38; | (WEP) Grade 2
train pinion, re- {gear oil)
sponge gear of
rapid-fire 3"/50
mounts
Moderate to Dil-bath lubricated | Exposed location:
heavy loads train and elevation MIL-1.-19224 MS 1065 MS 2190 TEP
gears 8" and 16" (NOrd)
turrets Grade C (oil)
Enclosed location:
M5 1065 (oil) MIL-L.-18224 None
(NOrd)
Grade (oil)
Heavy loads Training worms MIL-L~-18486A None MS 1100
and gearing on (WEP) Grade 1

5"/38 mounts; os-
cillating bearings
of elevating gears
in turrets

{gear oil)

Cold weather:
MIL-L-184B6A
(WEP) Grade 2 or
MIL-L-6086
Grade L (gear oil)
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Table 3. 12 - Service Applications of Lubricants (Continued)

APPROVED EMERGENCY
APPLICATION EXAMPLES MATERIALS ALTERNATES SUBSTITUTES
Extreme Heavy-duty elevat- | MIL-G-23549 MIL-G-21164 MIL-G-81322
pressure ing arcs, training
cireles, pinion and
WOorms on gun
mounts and direc=
tors
Gear trains, below | Enclosed location: = MS 1065
-20°F MIL-L-6086B
Grade L (gear oil)
Gear trains, above | MIL-L-6086 None MS 1100
-20°F Grade M (gear oil)
Gear trains, Hot -running torpe- | MIL-L-3572 None None
torpedo guides, | does. See gun Grade B
guide slots, slides. See slots. (graphite in oil)
gun slides and
housing guides
Light loads Machine-gun housing| MIL-L-3572 1 part None
guides; breech Grade A MIL-L-3572
housing on 40 mm (graphite in oil) Grade B to
AA mounts 5 parts
MIL-1.-3503
Sliding surfaces of | VV-L-800 (oil) MIL.-1.-3503 None
.30 cal and .50 cal
machine guns,
pistols, rifles
Heavy loads Sliding surfaces on | MIL-L-3572 MIL-G-17745 None
6" to 16" turrets, Grade C Grade B
non-rapid-fire (graphite in oil)
3"/70 mounts; Cold weather on
counterrecoil open mounts:
spring guides and MIL-G-17745 1 part
sliding surfaces on | Grade B VV-L-800 to
3"/50, 5"/25 (dry), | (graphite base) 6 parts
5"/38, and 5"/54 MIL-L-3572
mounts Grade C
Counterrecoil MIL-G-17745 1 part None
spring guides and Grade B VV-L-800
sliding surfaces of (graphite base) to 6 parts
rapid-fire 3"/50 MIL-L-3572
open mounts Grade C
Launcher
components.
High tempera-
ture.
Light to medium| Feed trip-latch MIL-G-1T7745 1 part None
loads retracting linkages | Grade A VV-L-800
on Rocket {graphite base) to 3 parts
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Table 3, 12 - Service Applications of Lubricants (Continued)

APPROVED EMERGENCY
APPLICATION EXAMPLES MATERIALS ALTERNATES SUBSTITUTES
Launcher Mk 108 MIL-L-3572
Grade C
Heavy loads Trip-latching lever | MIL-G-1T7745 1 part None
pivot bearings on Grade B VV-L-800
Rocket Launcher {graphite base) to 6 parts
Mk 108 MIL-L-3572
Grade C
Linkages, Linkages with MIL-G-T711A MIL-G-81322 MIL-G-18708
greased grease fittings
Oiled Linkages, oil- Exposed location: MS 2075 TH
lubricated MIL-L-19224
(NOrd)
Grade A (oil)
Enclosed location:
MS 2075 TH (oil)
Links See chain links
Motors See bearings
Pins and Linkage pins, de- Exposed location: MS 2075 TH
plungers tents, locking MIL-L-18224
plungers with (NOrd)
close fitting Grade A (oil)
springs, oil- Enclosed location:
lubricated MS 2075 TH
Preservative Instrument bearings | MIL-L-6085A (oil) None VV-L-800
oils
Machine guns MIL-L-3503 (oil) MIL-L-3150A None
Medium preserva- | MIL-L-3150 MIL-L-3503 None
tive oil
Gears MIL-1,-15224 (oil) None None
Special low tem - VV-L-B00 (0il) None None
perature
Preservative Antifriction and MIL-G-T711A MIL-G-81322 MIL-G-18709
Ereases general purpose
bearings
Projectile 16" turrets MIL-G-23549A MIL-G-21164 MIL-G-81322
rings
Racks and 16" turrets MIL-G-235494A MIL-G-21164 MIL-G-81322
pinions
heavy loads

3-45



NAVORD OD 3000 (FOURTH REVISION)

Table 3. 12 - Service Applications of Lubricants (Continued)

APPROVED EMERGENCY
APPLICATION EXAMPLES MATERIALS ALTERMNATES SUBSTITUTES
Slots Guide slots on pro- | Exposed location:
jectile hoist sliding | MIL-L-19224 MS 3050 MS 2135
doors 8" turrets (NOrd)
Grade B (oil)
Enclosed location:
MS 3050 MS 2135 None
Small arms Bliding surfaces on | VV-L-800 (oil) MIL-L-3503 None
switches, oil- | small arms
immersed
Oil-insulated elec- | VV-I-530 None None
trical switches
Tail bearings Torpedo tail bear- | MIL-G-23827 MIL-G-81322
ings
Transformers; | Oll-insulated trans-| VV-1-530 (oil) None None
universal formers, greased
joints journal bearing
type:
16" sights, elevat- | MIL-G-TT11 MIL-G-81322 MIL-G-18T09
ing gear and antenna
mount; needle bear -
ing type; 5"/38
twin-mount elevat-
ing gear
Oiled journal bear- | Exposed location:
ing type: 8" elevat- | MIL-L-19224 MS 3050 MS 2135
ing gear, over 300 | (NOrd)
rpm Grade B (oil)
Enclosed location:
MS 3050 (oil) MS 2135 None
MIL-L-18224
(NOrd) Grade A
(oil), coated with
MIL-G-TT11A en-
closed in a boot
Water pumps Cooling or deicing MIL-G-10924 None None
gystems
Wire ropes, Hoists Exposed location: VV-L-T51B
heavy duty VV-L-T51B, type Type I
II (wire rope
dressing)
Cold weather:
Grade A None Grade A
Warm weather:
Grade B None Grade B
Hot weather:
Grade C None Grade C
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Chapter 4

FLUIDS FOR HYDRAULIC SYSTEMS

4.1 POWER-TRANSMISSION (HYDRAULIC)
SYSTEMS AND FLUIDS.

4.1.1 SYSTEMS. Liquids are capable of
transmitting power and amplifying the applied
force in a pressure system. The power is
transmitted by a liquid acting in a system of
pumps and pipes containing control devices such
as orifices, regulators, and valves. Filters,
which are necessary to remove contaminants
from the fluid, are alsc part of the hydraulic
system. The system is also provided with
suitable gages, necessary accumulators, main
tanks, and replenishing tanks equipped with fit-
tings to allow for filling and draining of the
hydraulic fluid. Filters and fittings are dis-
cussed under lubrication equipment in chapter 3.

Electrohydraulic power-transmission sys-
tems and hydraulic mechanisms and controls
associated with these systems are used in naval
ordnance. Typical examples are the elevation
and train mechanisms of turrets, gun mounts,
gun directors, missile-guidance and launching
systems, and the stroking mechanisms of
hoists, rammers, aircraft landing gears, and
other ammunition handling equipment.

4.1.2 FLUIDS. Because of their properties,
certain fluids are used preferably as a power-
transmission media in naval ordnance equip-
ment., The fluids specified by the Naval Ord-
nance Systems Command for use in hydraulic
power and control systems are currently of the
petroleum-base type, containing additives to
improve certain characteristics of their chemi-
cal and physical properties.

Table 4. 1 gives the pertinent chemical and
physical properties of these fluids. For more
detailed information on these materials, refer
to the applicable specifications. Table 3.1
gives target symbols as they appear on lubri-
cation charts for various oils used as lubricants
as well as power-transmission fluids. Table
2.1 gives the current stock numbers and con-
tainer sizes for hydraulic fluids approved by
the Naval Ordnance Systems Command.

Instructions which accompany the various
types of equipment and specify the proper

hydraulic fluid should be observed wherever
possible. The following paragraphs are not
intended to replace such instructions, but to
serve as a guide for the selection and use of
the proper fluid and as an aid in selecting sub-
stitute fluids for use under emergency condi-
tions.

4.1.2,1 Approved Fluids, Alternate and
Substitutes. Fluid MIL-F-17111 (NOrd) is the
power -transmission fluid generally approved
for naval ordnance equipment, except guided
missiles. Substitutes in order of preference
are oil MIL-L-15016, MS 2110 and il MIL-L-
15016, MS 3050.

It will be noted in table 4.1 that MIL-L-
15016, MS 2110 ¢il differs considerably from
hydraulic fluid MIL-F-17111 (NOrd), particu-
larly in the operating range. MS 2110 and
MS 3050 @ils should be used as substitutes only
when MIL-F-17111 (NOrd) fluids are not avail-
able. It is preferable to retain the hydraulic
fluids already in the system and merely add the
necessary quantity of the substitute oils than to
use a complete fill of the substitute since both
oils are compatible. Systems containing any
MS oils as substitutes should be thoroughly
drained and the system refilled with MIL-F-
17111 (NOrd) fluid as soon as possible, See
paragraph 4,1.2,10,1 for filtering procedures
before filling.

CAUTION

Except in extreme emergencies, do not
use Lubricating Oil, Hydraulic, MIL-
L-17672, since MS 2110 TH oil is not
included in the list of approved fluids or
substitutes, and mixing it with any of
the fluids containing other additives is
not permitted because of possible sludg-
ing. If used in extreme emergency,
MIL-L-17672, MS 2110 TH, oil must
be completely drained and the system
flushed before refilling with MIL-F-
17111 (NOrd) fluid.

Hydraulic fluid MIL-H-5606 is specified for

use in some missile guidance and control
mechanismg. For guided-missile handling
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Table 4.1 - Properties of Power-Transmission (Hydraulic) Fluids

MIL-F-17111 | MIL-H-5606 | MIL-L-15016 | MIL-L-15016
FROEEREY (NOrd) MS 2110 MS 3050
Viscosity:
Centistokes:
Max, -40°F 500
Max, -25°F 600 1
Max, 0°F 215 1800
Min, 100°F 27 35,21
Min, 130°F 10 18.15-25. 20
Min, 210°F 10 5.75-8.77
Working range, °F:
Low 20 -65 55 20
High 195 275 165 200
Pour point, max, "F =40 -5 0 0
Flash point, min, °F 220 200 325 390
Aniline point 1741 217! --
Aniline point change, °F 0.5! 7.51 =
Rust prevention No corrosion | No corrosion | Extreme Extreme
corrosion corrosion
Test for corrosion and 336-hr test See applica- -- -=
resistance to oxidation (in ble test
presence of water and paragraph of
copper at 200°F, min). specification.
Loss in weight of copper, 0.2 A 0.99! 0.991
Mg per sq cm, max. 1 1
Appearance of copper Slight stain 3 Etched Etched
after test:
Change in viscosity, % 0 to +25 (at i 50 (at 100°F) 50 (at 100°F)
Neutralization number: 210°and 0°F)
Before test, max 0.3 See applica- 0.1} 0,11
After test, max 0.5 ble test 8.4l 8. 41
paragraph of
specification.
ASTM union color: 1 1
Before test, max 2 i 2 2
After test, max 5 B gl gl
Pump test (100 hrs)
Loss in weight, gm
Steel gear, max 0.020 i 0.010! 0.010!
Bronze bushing, max 0.040 b 0,004 0. 004
Decrease in pumping 5 i} ol ol
capacity, % max.
Decrease in viscosity, Cs 12,51 i 0.0l 0.0l
at 100°F
1 Denotes representative test results, not specification requirements,

equipment, various fluids are used and the
specification applicable to the particular equip-

ment should be referenced,

4.1.2.2 Performance and Uses.

The fluids

discussed in paragraph 4. 1.2, 1 will perform
satisfactorily in all systems, throughout the
temperature ranges given in table 4. 1.
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Fluid MIL-F~17111 (NOrd) is specified as
the power -transmission medium in systems

which are subjected to a wide range of operat-
ing temperatures. Normally, the highest oper-
ating temperature of the fluid should not
exceed 190°F. Exercising of the system for 15
minutes prior to service operation will gener-
ally result in improved operation under cold
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weather conditions. With such exercising, this
fluid can be used at temperatures as low as
-zﬂDFn

4.1.2.3 Characteristics. The fluids discussed
in paragraph 4.1.2. 1 are refined petroleum

oils or blends of refined petroleum oils contain-
ing additives to inhibit corrosion and oxidation,
to improve viscosity index, and to enhance

wear -resistant properties. The additives in
fluid MIL-F-17111 (NOrd) remain uniformly
distributed at all temperatures from the pour
point to 250°F.

Power-transmission fluids must be chemi-
cally stable and nonfoaming. They must have a
high viscosity index, adequate lubricating
properties, a low pour point, good heat-transfer
properties, and low compressibility, They
must have no harmful effects on and not be
affected by the metal parts of the system. They
must be compatible with and have minimum
chemical effect on the organic materials used
for packings, seals, and gaskels.

4.1.2.4 Leakage. Power-transmission fluids
have a tendency to leak through small openings
or scratches. To minimize leakage, the
machined parts of hydraulic systems must have
a smooth finish. Much work has been done to
improve the quality of seals, flanges, and fit-
tings. Despite these improvements, hydraulic
systems require careful assembly and mainte-
nance to prevent leakage resulting from the
scoring or burning of pistons, plungers, and
eylinders, or from the loosening of flanges and
fittings through vibration.

4.1.2.5 Corrosion Prevention. Power-trans-
mission fluids must contain corrosion inhibitors
to protect metal parts from water., The inhibi~-
tors are not efficient corrosion preventives for
long-term storage, and they provide only tem-
porary protection in drained systems where
only a thin film of fluid remains.

4.1.2.6 Lubrication. The approved fluids with
antiwear additives have lubricating properties
adequate to prevent wear in well-designed
hydraulic systems, but they are not intended
for use as lubricants and are not to be used as
general -purpose lubricating oils.

4.1,2.7 Evaporation. The approved hydraulic
fluids do not evaporate appreciably when ex-
posed to air at normal ambient temperatures,
but the light petroleum constituents may be lost
when a thin film is exposed to air at elevated
temperatures. The stick residue remaining is

readily soluble in MIL-F-1T7111 (NOrd) or in
any light petroleum oil.

4.1.2.8 Effect on Cadmium and Zinc Plating.
Do not use cadmium-plated parts in hydraulic
gystems since cadmium is readily attacked by
most hydraulic fluids in the presence of mois -
ture. Also, the cadmium acts as a catalyst to
accelerate oxidation of the oil. Zinc plating,
used in lieu of cadmium plating is also attacked
by the fluids, but not as readily. Unlike cad-
mium, zinc does not accelerate oxidation of
the oil.

4.1.2.9 Packings and Other Nonmetallic Com -
ponents. Since aromatic compounds injure
some kinds of rubber, the quantity of aromatics
in approved fluids is controlled by formulation
from base stocks with minimum aniline points.
See the applicable fluid specification. To mini-
mize injurious effects, packings and other non-
metallic components should be made of oil-
resistant materials wherever practicable.

4.1.2.10 Cleanliness. Maintaining cleanliness
in the installation and maintenance of hydraulic
power-transmission systems and their inter-
connected hydraulic controls extends satisfac-
tory operation of the equipment. For optimum
performance, the systems must be substantially
free of contaminants such as water, dirt, in-
soluble products resulting from oxidation of the
hydraulic fluids, corrosion products, and metal
particles. Presence of these contaminants
may cause damage to the working surfaces,
sticking of operating components, or clogging
of the filters, resulting in erratic performance
of the equipment or complete failure to gperate.

Water may enter the systems by condensa-
tion of moisture from the air or as rain or
spray entering through insecure filler caps,
plugs, or cover and inspection plates. Water
is especially harmful when the systems are
inactive. In the bottom of expansion tanks and
at low points in the systems it will corrode
metal surfaces including those with electro-
deposited coatings. It also decreases the lubri-
cating efficiency of the fluids and reacts with
the additives contained in the fluids to form
insoluble precipitates which give the fluids a
slightly milkky -white or cloudy appearance.

Corrosion or precipitation products can
form sludge on the surfaces of the internal
components of the systems, causing them to
stick and clog the filters in the systems. To
prevent these harmful effects, it is essential
that the specific instructions for maintenance
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and cleaning of the equipment be followed.
Filters and accessory equipment for cleaning
power-transmission fluids are discussed under
lubrication devices in chapter 3.

4.1,2,10.1 Filtering. Before filling a hydrau-
lic system or replacing fluid after flushing, the
fluid to be placed in the system shall first be
strained through a No. 200 (74 micron) sieve
or preferably a finer sieve, No. 400 (37
micron) to remove the coarser particles which
may be present. In addition, it is recom-
mended that the fluid be pumped through the
portable filter described in paragraph 3.2. 2.3
especially for hydraulic equipment containing
servo or other systems having valves or other
controls with close tolerance parts. Care
should be takento use the proper filter element
to prevent the removal of additives, see para-
graph 3.2.1.3.1. Where micronic type filters
are specified for the equipment, Specification
MIL-H-18766 (a 10 micron filter element) may
be used provided it does not remove additives,

4.1.2.11 Flushing of Hydraulic Power-Trans-
mission Systems. Power-transmission sys-
tems and their interconnected hydraulic
controls in active service should be flushed and
refilled with new hydraulic fluid whenever any
of the following conditions exist;

a. The neutralization mumber of the fluid
exceeds 0.5, indicating the fluid has oxidized
and become so acid that it is no longer suitable
for use,

b. Examination of contaminants removed
from filters and low points in the system re-
veals the presence of corrosion or an excess
of metal particles.

¢. Insoluble precipitates produced by the
reaction of water with the additives or by the
oxidation of the fluids are formed at a rate
which necessitates cleaning the filters at inter-
vals of less than one week.

d. New or repaired components are placed
in the system.

Any of the approved fluids of table 4. 1 may
be used for flushing. In the interest of econ-
omy, however, either used or reclaimed fluids
should be utilized for flushing, provided they
are clear and free from water and insoluble
contaminants and do not contain acid resulting
from oxidation.
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CAUTION

Diesel fuel oil shall not be used for
flushing hydraulic systems in active
service, owing to its poor lubricating
properties and its contaminating effect
on the subsequent fill of hydraulic fluid.
Diesel fuel oil may be used to remove
preservatives during reactivation after
storage. See paragraph 5.1.4.14.

While being flushed with an approved hydrau-
lic fluid, hydraulic systems can be operated at
full load to raise the temperature of the fluid,
Immediately following the warming operation,
the system should be drained by opening all
drain outlets and disconnecting the hydraulic
lines to remove as much of the flushing medi-
um as possible. All filter elements, screens
and chambers should be cleaned with new fluid
prior to refilling the system,

CAUTION

The system should not be operated dur-
ing, or after draining the fluid.

Power -transmission systems and their inter-
connected hydraulic controls whose inner sur-
faces have been inactivated and treated with a
corrosion preventive or preservative compound
must be flushed to remove the compound. The
latest current instructions for flushing and
other operations required to reactivaie a par-
ticular system must be strictly followed to
prevent damage.

Hydraulic fluid which has been contaminated
by continuous use in hydraulic equipment or has
been expended as a flushing medium must not
be used again; but, should be discarded in ac-
cordance with prevailing regulations.

WARNING

Never permit high-pressure air to be
in direct contact with petroleum or
petroleum -base fluids in a closed sys-
tem because of the danger of ignition.
If gas pressure is needed in a closed
system, nitrogen or some other inert
gas should be used.

4.2 BUFFER, RECOIL, COUNTERRECOIL,
AND DAMPING SYSTEMS AND FLUIDS.

4,2.1 SYSTEMS, Impacts are cushioned with
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a cylinder and piston system in which the liquid
flows through an orifice at a rate determined
by the size of the orifice and the pressure ex-
erted on the piston, This method of cushioning
impacts is utilized in various types of buffers
and recoil mechanisms.

4,2.1.1 Buffer. A buffer is a device for ar-
resting or retarding moving bodies, to prevent
or cushion impacts, and to control rebound.
Hydraulic buffers act on the same principle as
recoil mechanisms, but the rate of braking
generally is not controlled as closely. Usually
the orifice or opening in the cylinder is merely
the clearance between the piston and the bore
of the cylinder,

4,2,1.2 Recoil. A recoll mechanism is an
assembly which moderates a reaction such as
the force exerted by a gun when it is fired, by
digsipating the energy through a planned dis-
tance of travel with respect to the supporting
structure,

The hydraulic action of the recoil mecha-
nism follows the law of dynamics which states
"The weight of liquid expelled through a given
orifice in a given time is proportional to the
square root of the hydraulic pressure by which
it is expelled. " At the high velocities reached
in the orifice, the effect of viscosity is insig-
nificant and the action depends mainly on the
inertia of the fluid. Because the change in
density of recoil fluids is negligible with
respect to change in temperature, satisfac-
tory operation can be obtained throughout
the range of operating temperatures.

The specific fluids which are specified for
use are chosen for their density characteristics,
and only these {luids may be used.

4,2.1.3 Counterrecoil. A counterrecoil
mechanism is an assembly which returns a de-
vice such as a gun to its original position after
recoil and maintains it in that position. In
hydropneumatie counterrecoil mechanisms, the
type generally used in naval ordnance, air under
pressure is used, [t is essential that air leak-
age be prevented in such a system. An auxil-
fary cylinder filled with liquid and called the
differential cylinder, hydrostatically maintains
the higher pressure around the main piston
than the pressure in the main cylinder, thus
preventing escape of air.

4.2.1.4 Recoil-Counterrecoil. A recoil-
counterrecoil mechanism is a single device

which performs the functions of both a recoil
mechanism and a counterrecoil mechanism.
The recoil mechanism is described in paragraph
4.2.1.2. Counterrecoil is obtained by means
of helical springs assembled on the recoil pis-
ton rod within the hydraulic cylinder. When the
device recoils, the springs are compressed,
and the resultant energy stored in the com-
pressed springs returns the device to its origi-
nal position. The springs are given sufficient
initial compression to hold the device in the

proper position.

4,2.1.5 Damping. Sudden fluctuations and
transient vibrations of indicating instruments
and control devices can be damped out by im-
mersing the indicating mechanisms in fluids of
guitable viscosity. Damping devices are used
to improve the stability of instruments such as
meters and compasses, and of control devices
such as gyroscopes, by suppressing unwanted
oscillations and vibrations and thereby pre-
venting overrun. The damping effect varies
greatly with the viscosity of the damping fluid,
and since viscosity varies with temperatures,
the latter must be controlled within narrow
limits.

4.2.2 FLUIDS. Refined petroleum oils or
glycerine-water mixtures, usually containing
additives to improve certain chemiecal and
physical properties, are used as the hydraulic
media in naval ordnance buffer mechanisms
employed in gun mounts, directors and turrets,
and the recoil and counterrecoil mechanisms of
Mmany guns.

Ester base synthetic compounds generally
are used as damping fluids to suppress un-
wanted oscillations and vibrations or to prevent
overrun. They are selected on the basis of the
viscosity suitable for a particular instrument
or control device.

Table 4.2 lists the pertinent characteristics,
uses, and permissible substitutes for these
fluids. Refer to the applicable specifications
for more detailed information on these mate-
rialg. Table 2.1 gives the current stock num-
bers and container sizes for fluids approved by
the Naval Ordnance Systems Command.

4.2.2.1 Approved Fluids, Alternates, and
Substitutes. There are no alternates for the
approved fluids; however, the use of certain
substitutes is permissible under specified con-
ditions given in table 4,2 and in the following

paragraphs.
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Table 4.2 - Buffer, Recoil, and Damping Fluids - Characteristics,
Uses, and Substitutes

SPECIFICATION
NUMBER

CHARACTERISTICS

PRINCIPAL USES

ALTERNATES

VV-1-530

MIL-H-5606B

MIL-L-17672
(MS 2075 TH)

MIL-F-16929A

MIL-F-1T7111

MIL-G-18694
(NAVORDSYSCOM)

Type A

Type B

VV-D-001078

Light petroleum oil; vis-
cosity 6 SUS max at
100°F; pour point, -40°F,
max

Hydraulic Fluid, petrole-
um base; viscosity 10 Cs,
min at 130°F, pour point

-T75°F max 500 Cs min at
-40°F, flash point, 200°F

Petroleum oil; viscosity
T70-90 SUS at 130°F; pour
point, -10°F max; flash

point, 315°F min

A damping fluid made of
an ester, a polymer thick-
ener, and an oxidation
inhibitor. There are six
classes having various
viscogities

Fluid, power transmis-
sion; viscosity 27 Cs min
at 100°F, pour point -40°F
max

A colorless 80-20 mixture
of glycerine and water
without a corrosion in-
hibitor.

A 60-40 mixture of glyc-
erin and water with a
corrosion inhibitor

A dimethyl polvsiloxane
silicone base damping fluid
having viscosities of 0. 65
through 200, 000 centi-
stokes

Recoil cylinders of
light machine guns.

Buffer fluid for .50
cal Browning machine
guns, shock ab-
sorbers.

Hydropneumatic
counterrecoil sys-
tems of certain cal
housings and all
major cal slides:
specified buffers.

Damping devices of
instruments and fire
control devices,

Specified buffers

Recoil mechanisms
and buffers where
an 80-20 mixture is
specified,

Recoil mechanisms
and buffers where
a 60-40 mixture is
specified

Specified buffer

MS 2075 TH above
30°F, MIL-L-3503
below 30°F

None

MS 2110, emergency
substitute above

0°F, MIL-L-3503;
or MIL-F-17111
(NAVORDSYSCOM),
emergency substi-
tute below 0°F.

HNone

None

None

None

None
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Specification VV-I-530 oil is the approved
fluid for recoil cylinders of light machine guns.
If the approved fluid is not available, MIL-L-
3503 oil may be used as a substitute at ambient
temperatures below 30°F and MIL-L-17672
(MS 2075 TH) oil may be used as a substitute
at ambient temperatures above 30°F.

MIL-F-17111 (MOrd) oil is the approved
fluid in certain specified buffers.

Hydraulic fluid MIL-H-5606 is the approved
buffer fluid for .50 cal Browning machine guns
and for use in Delco Remy shock absorbers
found on some old-type gun directors.

MIL-L-17672 (MS 2075 TH) oil is the ap-
proved fluid for hydropneumatic counterrecoil
systems and specified buffers. If the approved
fluid is not available, MIL-L-15016 (MS 2110}
oil may be used as an emergency substitute at
ambient temperatures above 0°F, and MIL-L-
3503 oil or MIL-F-17111 (NOrd) fluid may be
used as emergency substitutes at ambient tem-
peratures below 0°F.

Glycerine-water mixtures, MIL-G-18684
{NOrd) Types A and B, are the approved fluids
for recoil mechanisms and buffers where these
mixtures are specified. There are no approved
substitutes for these applications. Table 4.3
gives the compositions of these mixtures.

Table 4.3 - Glycerine and Water Mixtures

SPECIFICATION ZLRE
MIL-G-18694 A B
Glycerine (% by 80 60
volume)
Water (% by volume) 20 40
Sodium carbonate 2.40
(oz per gal of mix-
ture)
Sodium chromate 0.14
{0z per gal of mix-
ture)
Trisodium Phosphate 0. 40
{0z per gal of mix-
ture)
Specific gravity (at 1.206 1.173
B60°F) +0.002 | +0.002

Specification MIL-F-16929 covers six
classes of approved damping fluids. The class
selected depends on the particular instrument
or control device in which it is to be used.

There are no approved substifutes for these
fluids. The classes are based on maximum
viscosities, as shown in table 4,4,

Table 4.4 - Damping Fluids, MIL-F-16929

MAXIMUM VISCOSITY

CLASS (Cs AT 130°F)

300

6, 500
42,000
100, 000
180, 000
350, 000

Lo - - B =

4,2,.2.2 Characteristics. Buffer fluids must
be chemically inert and physically stable. They
must not react with the material of the buffer.
Low -viscosity -refined petroleum oils are the
usual buffer fluids. For certain specified ap-
plications, glycerine-water mixtures are used.

Recoil and recoil-counterrecoil fluids should
have the proper densities to meet the design
requirements of the mechanisms in which they
are to be used. They must also have adequate
low-temperature characteristics, have no cor-
rosive effect on other materials of the system,
be stable and nonfoaming, have a high specific
heat, and be inert to the packings used. Glyc-
erine-water mixtures are used as recoil and
recoil-counterrecoil fluids in many naval ord-
nance applications because they have lower
coefficients of thermal expansion, lower com-
pressibilities than petroleam oils, and low
flammability.

Hydropneumatic fluids must have a high
degree of chemical stability under conditions
of high temperature and pressure, be resistant
to oxidation, be noncorrosive to the metallic
components of the system, and have no delete-
rious effects on the packings used. Certain
low-viscosity refined petroleum oils are used
as counterrececil fluids, see table 4,2,

Damping fluids must be chemically stable,
be inert to the materials of the system, have
stable vigcosity-temperature characteristics,
be noncreeping, and have low volatility. Re-
quired viscosities vary from less than that of
water to extremely viscous, depending upon the
design of the instrument and its application.
Synthetic fluids, ester-base stock thickened
with polymers, having a wide range of viscosi-
ties are generally used, see table 4. 4.
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Chapter 5

CLEANERS AND PRESERVATIVES

5.1 CLEANING MATERIALS.

Cleaning is one of the most important steps
in the preparation of unpainted surfaces for
storage or for the application of protective
coatings., Cleaning also is important in recon-
ditioning contaminated and deteriorated sur-
faces prior to lubrication. If contaminants
remain on the surfaces of equipment, the best
lubricants or preservatives and the best meth-
ods of protection and preservation for standby
storage may be rendered ineffective. Corro-
sion and contamination may cause faulty opera-
tion of the equipment or deterioration beyond
reclamation.

There are various cleaning methods. Selec-
tion of a proper cleaning method depends on the
following:

a. Composition of part to be cleaned

b. Nature of surface of the part

¢. Complexity of construction and assembly
d. Nature of contaminants to be removed

e. Portion or area of part requiring
cleaning

f. Degree and length of time of contamina-
tion

g. Awailability of cleaning materials and
equipment

h. Hazards involved

Table 5. 1 will aid ordnance personnel in the
selection of proper cleaning materials and
methods. This table includes types of cleaners,
specification numbers, compositions, impor-
tant properties, methods of application, and
prineipal uses. Table 2.1 gives the stock num-
bers to be used in obtaining the desired
cleaners,

Cleaners containing solvents with low flash
points are highly flammable. When cleaners of
this nature are used, the precautions described
in detail in paragraph 5. 3.3 should be strictly
observed to reduce the danger of fire or explo-
sion.

5.1.1 ALTERNATES. When it is impossible

to obtain the cleaner recommended for a spe-
cific application, certain alternates may be
used. In some cases it may be necessary to
use an alternate cleaner because of lack of
proper facilities for using the specified cleaner,
Table 5.2 contains alternates and emergency
substitutes which may be used under these
conditions.

5.1.2 CLEANING METHODS.
ods are classified as follows:

Cleaning meth-

a. Immersion, scak or dip

b. Ultrasonic degreasing, quartz, magneto-
strictive, or barium titanate transducer, used
in conjunction with the immersion method

¢. Immersion plus brush cleaning

d. Spray
e. Vapor, with or without immersion

f. Electrolytic; anodic or cathodic, acid or
alkaline

g. Local scrubbing and swabbing

For additional details of cleaning methods,
refer to Specification MIL-P-116, Preserva-
tion, Methods of, and QP 3300,

5.1.3 PRECAUTIONS. Observe the following
precautions to prevent damage to equipment
which has been or is to be cleaned:

a. When equipment with unpainted metal
surfaces has been cleaned and dried prior to
applying preservatives, do not handle except by
mechanical means or by wearing clean canvas
or rubber gloves. Avoid touching cleaned and
dried surfaces with bare hands, as perspira-
tion is extremely corrosive. If, under emer-
gency conditions, it becomes necessary to
handle equipment with bare hands, remove the
resultant fingerprints by the method outlined
in the cleaning section of this chapter.

b. Handle equipment coated with preserva-
tives by mechanical means only. If the
preservative coating is abraded, restore the
affected area after handling.
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x Table 5.1 - Properties and Typical Uses of Cleaning Materials
TYPE OF METHOD OF TYPICAL
SPECIFICATION COMPOSITION PROPERTIES CLEANER APPLICATION USES
Q-C-303 Chromic acid and Acid Decoppering Immersion (see para Decoppering gun
Chromiec acid, technical | sulfuric acid in water agent 5.1.4.1 for propor- barrels
{Chromium trioxide), tions)
and O-8-809 Sulfuric
acid technical (Type I,
Class II)
0-5-571 Sodium carbonate in | Alkaline Alkali Swab (see para Cleaning and neutral-
Sodium carbonate, boiling water 5.1.4.2 for propor- izing propellant
anhydrous, technical tions) deposits in guns and
gun barrels on 3-inch
and larger caliber
guns
0-5-598 (Type 1) Sodium hydroxide Alkaline Alkali Dip or mop (see para | Removing paint from
Sodium hydroxide, 5.1.4.6 for propor- metal surfaces except
technical tions) aluminum, zinc, tin,
terne, and lead
P-C-444 Concentrated
Cleaning compound cleaner
solvent, grease emulsi-
fying
Type 1 Grease solvents Flash point Solvent Spray, dip, or swab General cleaning of
and emulsifying 110°F, pour emulsion (see para 5.1.4.3 painted or unpainted
agents point 35°F for proportions) surfaces
Type II Grease solvents, Flash point Solvent Spray, dip, or swab Heavy duty cleaning
emulsifying agents, 110°F, pour emulsion (see para 5.1.4.3 of surfaces. Extreme
and phenols point 35°F for proportions) care should be taken

to avoid contact with
rubber, plastics,
decalcomanias, and
painted surfaces

{NOISIATYH HLUNOA) 000 O THOAVN
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Table 5.1 - Properties and Typical Uses of Cleaning Materials (Continued)

TYPE OF METHOD OF TYPICAL
SPECIFICATION COMPOSITION PROPERTIES CLEANER APPLICATION USES
P-D-680 Petroleum distillate Solvent Spray, dip, brush, or | Removing preserva-
Dry cleaning solvent swab tives and soluble
contaminants prior to
Type I ‘Fla;nh point fabrication or preser-
100°F :
vation
Type II Flash point
138°F
P-5-591 Soap and water Soap Soap Dip, brush, or swab Cleaning plastics and
Soap, laundry bar (see para 5.1.4.5 rubber
for proportions)
TT-R-230 Mixture of meta- Strong alkali | Alkali Dip or mop Removing paint from
Remover, paint (alkali silicates, phosphates,| solution ferrous surfaces
type for hot applica- resinates, soda ash,
tion) and caustic soda
VV-K-211 Petroleum distillate Flash point Solvent Dip or brush Softening and remov-
Kerosene 115°F ing congealed lubri-
cants under cold
weather conditions;
removal of oils,
greases, and pre-
servatives prior to
[abrication or pres-
ervation
MIL-C-372 Organic soap emul- Flash point Solvent Swab Removing light oil
Cleaning compound sion or solution of 100°F emulsion and corrosive residue
gsolvent, for bore of paraffin oil, water from chambers and
small arms and auto- and solvents bores of small arms
matic aircraft weapons
MIL-E-463 95% ethyl alcohol Flash point Solvent Dip, brush, or swab Cleaning optical
Ethyl alcohol (for ord- (94, 9% ethyl alcohol) | 60°F elements

nance use), Grade I

SHALLVAHASHY ANV SHANVITO



Table 5.1 - Properties and Typical Uses of Cleaning Materials (Continued)

TYPE OF METHOD OF TYPICAL
SPECIFICATION COMPOSITION PROPERTIES CLEANER APPLICATION USES
MIL-M-TT52 Mixture of meta- Alkali solution | Soap Not specified Cleaning aluminum
Metal cleaner silicate silicates, trisilicates magnesium, zinc,
soap and synthetic soap tin, terne, and lead
MIL-M-10578 Phosphorie acid, Flash point Metal condi- Spray, dip, or flow- (See below)
Metal conditioner and solvent, surface ac- | 135°F tioner and rust | brush (see para
rust remover (phos- tive agent, and remover 5.1.4.4)
phoric acid base) water
Type 1 Removing rust, light
{wash off) grease and oil from
ferrous metal parts
and conditioning
metal prior to appli-
cation of paints and
rust-preventive
compounds
Type III Water displacement
(inhibited)
MIL-L-15016 Refined petroleum Bolvent and Flushing by operation | Flushing contami-
Lubricating oil, oil fraction flushing of equipment nants from electro-
general purpose hydraulic power-
transmission sys-
MS 2110 Flash point tems prior to
325°F, pour application of paint
point 0°F and rust-preventive
MS 3050 Flash point COmpOL
390°F, pour
point 0°F
MIL-C-15074 Petroleum spirits Flash point Solvent Serub or swab Removing perspira-
Corrosion preventive, water corrosion 100°F tion deposits

fingerprint remover

inhibitor, petroleum
sulfonate wetting

agent
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Table 5.1 - Properties and Typical Uses of Cleaning Materials (Continued)

TYPE OF METHOD OF TYPICAL
SPECIFICATION COMPOSITION PROPERTIES CLEANER APPLICATION USES
MIL-C-16173 Solvent -dispersed Flash point -- Spray, dip flow, or Water -displacing
Corrosion-preventive corrosion-preventive | 100°F brush compound
compound, solvent- compound
cut-back cold applica-
tion, Grade III
MIL-F-16884 Petroleum distillate Solvent and Flushing (see para Flushing preservative
Fuel oil, diesel flushing 5.1.4.14) MIL-C-16173 Grade
marine II from inactivated
electric-hydraulic
systems, oil reser-
voirs, buffers, and
recoil mechanisms
prior to filling with
prescribed fluid (see
para 5.1.4.4)
MIL-F-1T111 Petroleum opils and Flash point Solvent and Flushing by operation | Flushing contami-
Fluid, power trans- additives 220°F, pour flushing of equipment nants from electric-
mission point -40°F hydraulic power-
transmission systems
MIL-C-20207 Organic solvents, Flash point Solvent Spray, dip, brush, or | Removing oil, grease,
Cleaning compound, soap and water 180°F, pour swab tar, and some rust-
solvent, grease point 10°F preventive compound

removal, heavy duty

from ferrous and
copper alloy surfaces

SHALLVAHASHHd NV SHANVATD
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Table 5.2 - Alternate and Substitute Cleaning Compounds

EMERGENCY SUBSTITUTE

None approved

MIL-R-T7751 or P-C-111
MIL-C-22543

TT-T-291 Grade I
None approved

P-C-111

TT-T-291 Grade I
0-8-5T71 in water

None approved
TT-I-735

None approved

None approved

MIL-C-16173, Grade II
None approved
TT-T-291 Grade

MIL-F-16884

P-D-680, Type I

SPECIFIED MATERIAL ALTERNATE
0-C-303 and O-8-809 None approved
0-5-57T1 Soap and water
0-5-508 TT-R-230
P-C-444 MIL-C-20207
P-D-680 MIL-F-16884
P-8-591 None approved
TT-R-230 MIL-R-T751
VV-K-211 P-D-680
MIL-C-372
MIL-E-463
Grade [ None approved
Grade II MIL-A-6091
MIL-M-7752 None approved
MIL-M-10578
Type 1 MIL-C-5410 Type II
Type III None approved
MIL-L-15016
MS 2110 MIL-L-17672 MS 2075 TH
MS 3050 MIL-L~-17672 MS 2075 TH
MIL -L-15074
MIL-C-16173 Grade I None approved
MIL-F-16884 P-D-680 'ji‘:rpe I or
VVv-K-211
MIL-F-1T111 MIL-L-15016 MS 2110
MIL-L~-15016 MS 3050
MIL-C-20207 P-C-444
O-T-634 Type Il 0-T-620
1Nﬂt to be used in hydraulic systems

¢. Clean metal surfaces tend to corrode in
a short time, Apply preservatives as soon as
possible after cleaning. If application of pre-
servatives is delayed, coat the metal surfaces
with a preservative lubricating oil until the
specified preservative ean be applied.

d. Slight changes in the temperature and
humidity of the surrounding air may cause
condensation on metal surfaces. When apply-
ing preservatives or lubricants to metal sur-
faces, maintain the temperature of the surface
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above the dew point of the ambient atmosphere
to prevent condensation and retention of water,
which causes corrosion under the protective
film.

e. Remove water condensed on the equip-
ment or treat the equipment with a water-
displacing compound before application of
preservatives., [If cleaning is performed
out of doors under adverse weather con-
ditions, shelter the operation with canvas or
tarpaulins,
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f. Process disassembled equipment in-
doors.

g. Avoid trapping cleaning materials within
the equipment. Take special care to avoid
contact of cleaning materials with optical sur-
faces, dials, electrical contacts, and painted
surfaces.

h. Do not use immersion cleaning on any
equipment containing nonmetallic materials,
unless they will not be affected by the cleaners,
or are masked for protection.

i. Do not use alkaline solutions such as
those of soda ash, trisodium phosphate, or
metasilicate for cleaning equipment with ex-
tremely close tolerances or highly finished
surfaces.

j. Do not clean the following metals in alka-
line solutions unless the solution is specified
for such purposes: aluminum, aluminum alloys,
zinc, tin, terne, and lead.

k. Do not use acid or alkaline solutions to
clean equipment having bolted or riveted as-
semblies when there is a possibility of trapping
cleaning solution between joined members. The
solutions or their residues may cause corro-
gion and damage paint coatings.

l. Do not allow organic materials to re-
main in contact with oxidizers.

m. Prepare acid cleaning solutions accu-
rately, as excess acid may attack copper,
brass, bronze, steel, and cther metals.

n. Do not allow organic solvents to remain
in contact with rubber, electrical insulation,
or organic coatings.

5.1.4 NOTES ON THE USE OF SPECIFIED
CLEANING COMPOUNDS.

5.1.4.1 Decoppering Solution Consisting of
0=-C=-303, Chromic Acid (Chromium Trioxide)
Technical Grade, and O-8-809 Sulfuric Acid,
Technical (Type I, Class II).

5.1.4.1.1 Instructions for Preparation of
Decoppering Solution. Calculate the volume of
the gun barrel to be decoppered and allow suf-
ficient excess to insure complete filling. Place
in a steel tank, the amount of fresh water
equivalent to approximately three-fourths of
the calculated volume, and add the required
amounts of chromic and sulfuric acids to the

water in the following proportions:
Chromium Trioxide (CrOg) 67. 0 ounces per
gallon of water
Sulfuric Acid (Hg804) 6.7 ounces or 0.23
pints per gallon of water
Add water to make up the required volume, and
mix the whole solution thoroughly.

5.1.4.1.2 Preparation of the Gun Barrel. Re-
move all grease or preservative from the bore,
and swab the bore with solvent P-D-680, Type
I. Wipe the inside of the bore with waste and
dry with air. If facilities for drying with air
are not available, wipe the bore again with
waste. Clean the bore surfaces with a stiff
wire brush to remove surface residues such as
oxides and irregular deposits of copper. After
wire brushing, repeat the cleaning and drying
procedure, Wire brushing facilitates the
attack of the decoppering solution, thereby re-
ducing the time required for treatment.

5.1.4.1.3 Sealing the Gun Barrel. Gun bar-
rels may be decoppered in either the vertical
or the horizontal position. The vertical posi-
tion is most convenient, as it eliminates the
necessity of rotating the gun barrel to get rid
of air pockets. The equipment for sealing and
handling a gun barrel in a vertical position
consists of a sealing plug for the breech, an
extension pot for the muzzle (for overflow)and
a lifting clamp. A sealing plug is shown in
pieces 19, 20, 29, 30, 31,and 32 of Naval Gun
Factory Dwg 8A 15310; an extension pot is
shown in pieces 12, 13, 15, and 18 of Naval
Gun Factory Dwg SA 15310; a lifting clamp is
shown in BuOrd Drawing 247604, Variations
of the described equipment may be used when
necessary. If it is more convenient to de-
copper the pun barrel in a horizontal position,
some modifications in the design of the sealing
plug and extension pot may be necessary.

5.1.4.1.4 Decoppering Procedure. After the
barrel has been cleaned and wire brushed,
install the sealing plug and extension pot and
place the barrel in the proper position, Fill
the entire bore with decoppering solution and
allow to stand with the solution in contact with
the bore surfaces until all copper deposits are
dissolved. The contact time depends upon the
amount of deposit. As a guide to the time re-
quired, a 5-inch 38 caliber barrel with copper
deposits 0.05- to 0.06-inch thick, completely
filling the grooves, and 0.015- to 0. 019-inch
thick on the lands requires approximately eight
hours for complete decoppering. Air agitation
is recommended for best results and can be
obtained by inserting a small steel inlet pipe
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through the extension pot to within a few inches
of the breech sealing plug. Force air through
the pipe into the solution under sufficient pres-
sure to provide mild agitation., I the barrel
is treated in a horizontal position, insure con-
tact of the solution with all bore surfaces by
occasionally rotating the barrel.

After the solution has acted upon the copper
deposit for the necessary time, drain the solu-
tion from the barrel into a steel storage tank.
Use the same solution approximately five times
or until it becomes fouled, then disecard it.
After the solution is drained and the gun barrel
rinsed with clean cold water, rinse or swab
the barrel with a solution containing four to six
ounces of sodium hydroxide, O-5-598, per
gallon of water. The sodium hydroxide rinse
prevents corrosion of the exposed steel surfaces
while the fixtures are being removed, After
the fixtures are removed, swab the bore to
remove the sodium hydroxide solution. If
examination reveals appreciable amounts of
copper in the barrel, repeat the treatment.
Apply a light oil or a preservative to the de-
coppered gun barrel.

65.1.4.2 Specification 0-8-5T1, Sodium Car -
bonate, Anhydrous, Technical (Soda Ash).
Prior to application of this cleaner, remove all
preservative and lubricant films with solvent
P-D-680, Type I. Do not allow soda solution
to contact adjacent mechanisms or lubricated
surfaces. The soda solution is prepared in the
proportions of one pound of sodium carbonate
per gallon of water; this solution may be re-
moved with clean, hot water, at least 180°F.
Dry the equipment with clean wiping cloths. As
this solution does not provide protection against
corrosion, apply a preservative to the equip-
ment immediately after cleaning.

5.1.4.3 P-C-444 Compound, Grease-Cleaning
Solvent -Emulsion Type. Dilute this compound
with mineral spirits prior to use. The degree
of dilution ranges between one part ol compound
to nine parts of TT-T-291 Grade I and one part
of compound to four parts of TT-T-291 Grade I
by volume, depending on the difficulty antici-

pated in removing grease and other contaminants.

5.1,4.4 MIL-M-10578 Metal Conditioner and
Rust Remover (Phosphoric Acid Base) and
MIL-C-5410 Cleaning Compound Non-Flame-
Sustaining. Compounds suitable for rust re-
moval MIL-M-10578, Type I, and MIL-C-5410,
Type I, are supplied in concentrated form and
must be diluted with three volumes of water
before use. The procedures for removing
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corrosion products using compounds MIL-M-
10578, Type I and 111, are the same, as follows:

a. Remove all grease and oil deposits from
the surfaces, using solvent F-D-680, Type I,
or vapor degreaser, such as trichlorethylene
0-T-634, Type O, or O-T-620 Trichloro-
ethane.

b. Remove loose and heavy corrosion prod-
ucts by mechanical methods such as wire
brushing, chipping, or buffing.

¢. Large surfaces are scrubbed with a
brush, dipped in the cleaner. Small parts are
cleaned by immersion, To remove corrosion
products from deep pits, alternate wire brush-
ing and scrubbing with the conditioner may be
necessary. The duration of treatment depends
upon the extent of the corrosion,

d. Care must be exercised to flush with
copious amounts of water to remove excess
compound,

e. After removing the corrosion products,
rinse the surface with hot water, 180°F, wipe,
then dry with compressed air. If the surface
is sticky, rinse and dry again, because a sticky
surface indicates the presence of free acid,

5.1.4.5 P-8-591, Soap, Laundry Bar. This
material is mixed in the proportions of one-
quarter pound of soap to one gallon of water,

It is used for cleaning organic materials, par-
ticularly rubber and plastics. Do not allow
equipment to remain in this mixture.

5.1.4.6 O-8-598, Type I, Sodium Hydroxide,
Technical, for Cleaning Purposes. Prior to
paint stripping, oil and grease must be removed
with an approved solvent. Parts to be stripped
of paint are immersed in the solution, which is
prepared in the proportions of eight ounces of
sodium hydroxide per gallon of water and
maintained between 180° and 200°F. After parts
are removed from this solution, au loose paint
should be removed by mopping or scraping, and
the parts should be rinsed thoroughly with hot
water, at least 180°F.

5.1.4.7 P-D-680, Types I and II, Solvent,
Dry Cleaning. After cleaning, apply lubricants
or preservatives immediately as the solvent
does not protect against corrosion.

5.1.4.8 VV-K-211 Kerosene, TT-T-201
(Grade 1), Thinner, Paint, Volatile Spirits (Min-
eral Spirits). After cleaning, apply lubricants
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or preservatives as soon as possible as neither
solvent affords much protection against corro-
sion,

5.1.4.9 MIL-C-372, Cleaner, Rifle Bore.
This cleaner will remove only light oil coat-
ings. Before using the cleaner, remove any
residual coating with solvent P-D-680., Apply
preservative immediately as the cleaner
affords little protection against corrosion.

5.1.4.10 MIL-E-463, Grade I, Ethyl Alcohol
(for Ordnance Use). After application of
Grade 1 ethyl alcohol, dry the optical elements
with a jet of clean dry air.

5.1.4.11 MIL-M-7752 (AER), Metal Cleaner,
Silicate-8oap. This soap is used in a concen-
tration of 30 grams per liter of water.

5.1.,4,12 MIL-L-15016, MS 2110 and MS 3050,
Lubricating Oil, General Purpose. These oils
are used for flushing electric-hydraulic power-
transmission systems under full-load conditions,
see paragraph 4.1.2,11. If the systems con-
tain electric-hydraulic regulators, the flushing
oil should not be used for operation or test, as
the design performance will not be obtained.

For proper operation, the equipment should be
refilled with the specified fluid.

5.1.4.13 MIL-C-15074, Compound, Corro-
sion-Preventive, Fingerprint Remover, Agitate
the compound prior to application and clean the
surface with solvent P-D-680, Type I, before
and after application of fingerprint remover,
then apply the preservative immediately.

5.1.4.14 MIL-F-16884 (SHIPS), Fuel 0il,
Diesel (Marine), Diesel fuel oil is used for
removing preservatives from hydraulic power -
transmission systems, buffers and recoil
mechanisms when they are reactivated after
storage. When the diesel fuel is so used, the
latest current instructions on flushing proce-
dure and limitations on operation of equipment
during such use must be followed to prevent
damage. Only slow speed operation for very
short periods is permitted. Instructions for
proper replacement of the diesel fuel oil must
be strictly followed to prevent contamination of
the hydraulic fluid, Diesel fuel cil ghall not be
used in flushing glyderin-water systems, nor
in hydraulic systems in active service, see
paragraph 4,1.2.11.

Under special circumstances and upon due
authorization, diesel fuel oil may be used for
flughing hydraulic systems where extreme

sludging has occurred. When so used, the
above precautions shall be observed.

5.1.4,15 MIL-F-17111 (NOrd) Fluid, Power -
Transmission. Power-transmission equipment
can be operated under full load when flushing
with this fluid,

5.1.4.16 MIL-C-20207, Cleaning Compound,
Solvent, Grease Removal, Heavy Duty. After
cleaning, apply lubricants or preservatives as
soon as possible as the solvents in this cleaner
afford no protection against corrosion.

5.1.4.17 Use of 1,1, 1-Trichloroethane
(Methyl Chloroform). It is recommended that
carbon tetrachloride be replaced with inhibited
1,1, 1-trichloroethane, methyl chloroform
O-T-620 obtainable under the following stock
numbers:
6810-664-0387
6810-664-0388

One gallon
Five gallon

This material is considerably less toxic,
MAC 500 ppm, than carbon tetrachloride and
has approximately equal cleaning ability and
evaporation rate in the usual applications.
Because of their solvent effect on some types
of electrical insulation and varnishes, do not
allow the chlorinated solvents to remain in con-
tact with such materials any longer than neces-
gary. Forced ventilation is required whenever
this splvent is used. Under no circumstances
should it be used in a confined space.

5.2 PRESERVATIVE MATERIALS.

Equipment and supplies in standby readiness
should be preserved with materials which allow
immediate service use. The purpose of the
following paragraphs is to present information
pertinent only to short-term preservation and
to the preservative aspects of lubrication.

Data on preservatives and methods used by the
Naval Ordnance Systems Command for long-
term storage are contained in OP 1105 and OP
1208.

5.2.1 0Oils and Greases as Preservatives.
Qils and greases used for lubrication of naval
ordnance equipment must have corrosion-
retarding and corrosion-inhibiting properties
for protection of the equipment in a marine
environment. Table 5,3, Oils and Greases as
Preservatives, will aid personnel in selecting
the proper materials. This table includes
specification numbers, compositions, impor-
tant properties, types of compounds, and prin-
cipal uses. Only information on preservation

5-9



NAVORD OD 3000 (FOURTH REVISION)

is included in this table.
oils and greases as lubricants, refer to chapter

3. For stock numbers see table 2, 1,

5.2.2 NONLUBRICATING PRESERVATIVES.
Nonlubricating preservatives are employed

only for preservation and are not intended for
Prior to the application of
lubricants or hydraulic fluids, it is necessary

use as lubricants.

For detailed data on

to remove these preservative materials unless
otherwise specifically permitted, as their pres-

ence would impair operation of equipment,
Table 5.4, Nonlubricating Preservatives is

preservatives,

provided to aid personnel in selecting the prope
This table includes specifica-

tion numbers, compositions, important prop-

erties, types of compounds and principal uses.
For stock numbers, see table 2.1,

Table 5.3 - Properties and Typical Uses of Oils and Greases as Preservatives

TYPE OF
SPECIFICATION COMPOSITION | PROFPERTIES COMPOUND TYPICAL USES
VV-L-800 Petroleum Viscosity, 12 Cs |Preservative | Small arms, machine
Lubricating oil, fraction and at 100°F, T000 |lubricating oil | gun and light preci-
general purpose pre-|additives Cs at -40°F sion parts for short
servative (water Flash point, term protection. If
displacing, low 275°F an item is suitably
temperature) Pour point, encased, the oil may
=T0°F be used for long term
protection
MIL-L-3150 Petroleum Viscosity, 100 |Preservative | Equipment aboard
Lubricating oil, fraction and to 130 Cs at lubricating oil | vessels of the reserve
preservative, inhibitor 100°F fleet in exposed loca-
medium Pour point, tions with cover pro-
20°F tection
MIL-L-3503 Petroleum Viscosity, Preservative | Short term protection
Lubricating oil, fraction and 18 Cs at 100°F |lubricating oil | of sight mechanisms
preservative, inhibitor 650 Cs at O°F of 20 mm and 40 mm
light Flash point, AA guns in exposed
300°F locations with cover
Pour point, -50°F] protection
MIL-L-8085 Synthetic oils Viscosity, Preservative | Instruments, elec-
Lubricating oil; and inhibitors B Cs at 130°F lubricating oil | tronic equipment and
instrument, air- 12,000 Cs at other lightly loaded
craft, low volatility -65°F equipment, such as
Flash point, instrument gears,
365°F bearings, gyros, and
Pour point, synchros requiring
=10°F oil lubrication
MIL-G-23827 Synthetic oil, Operating range |Preservative | Instruments, control
Grease, aircraft gelling agent, =100°F to 250°F |lubricating devices and other
and instrument, extreme pres- | Dropping point, |grease equipment requiring
gear and actuator sure and other | 325°F grease lubrication
screw additives
MIL-G-TT11 Synthetic or Operating range |Preservative | Plain, ball, and roller
Grease, general mineral oil -40°F to 250°F |lubricating bearings: roller paths
purpose gelling agent Dropping point, |grease of mounts and turrets;
and additives 300°F gun directors; and

enclosed gears

5-10
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Table 5.3 - Properties and Typical Uses of Qils and Greases as Preservatives (Continued)

TYPE OF

mineral oil compo-
sition, for torpedo

100*F
Flash point,

SPECIFICATION COMPOSITION | PROPERTIES COMPOUND TYPICAL USES
MIL-L-16958 Petroleum oil Viscosity, Preservative | Torpedo gyroscope
Lubricating oil, and additives 125-135 SUS at | lubricating oil | bearings

EYTOSCOope 360°F
Pour point,
0°F
MIL-L-19224 Petroleum oil Pour point for | Preservative | Short term preserva-
Lubricating oil, corrosion all grades lubricating oil | tion of oil lubricated
mineral, preserva- | inhibitors, and | -30°F surfaces of equipment
tive, minus 30°F pour point in exposed locations
pour depressant with cover protection
Grade A Viscosity, 90 to
120 SUS at 130°F
Flash point,
J25°F
Grade B Viscosity, 45 to
55 8US at 210°F
Flash point,
390°F
Grade C Viscosity, 60 to
T0 SUS at 210°F
Flash point,
410°F
§5.2.3 SUBSTITUTES. If unable to obtain the SPECIFIED SUBSTITUTE EMERGENCY
approved preservative for a specific applica- PRESERVATIVE SUBSTITUTEL
tion, the following substitutes may be used.
Grade II None None
SPECIFIED EMERGEN
SUBSTITUTE approved approved
PRESERVATIVE SUBSTITUTE Grade TII None None
VV-L-800 MIL-L-3503 approved approved
MIL-L-3150 MIL-L-3503 MIL-C-18487 None MIL-C-11796,
MIL-1-3503 VV-L-800 approved Class 1
MIL-L-6085 VV-L-800 MIL-L-19224
MIL-G-23827 MIL-G-81322 MIL-G-TT711 Grade A None None
MIL-G-7711 MIL-G-81322 MIL-G-10924 approved approved
MIL-L-16958 None None Grade B MNone None
approved approved approved approved
C-N-200 C-T-91 Grade C MIL-L-3150
0-5-598 f:::uved ::::ﬂmd Igee paragraph 3. 3. 5.
L R 5.2.4 NOTES ON THE USE OF SPECIFIED
Clazs 3 spproved PRESERVATIVES
MIL-P~15159 None None I
T —— :ﬁff’g‘f‘fﬁm AppEavec 5.2.4.1 C-N-200, Neat's-Foot Oil. Before
Grade I Grade IA application of the oil, the leather must be thor-
Grade IA Grade 1 oughly cleaned and dried. When used in cold

weather, heat the oil until lukewarm.
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Table 5.4 - Properties and Typical Uses of Nonlubricating Preservatives

TYPE OF METHOD OF TYPICAL
SPECIFICATION COMPOSITION PROPERTIES COMPOUND APPLICATION USES
C-N-200 Neat's foot oil | Animal wil (acid- Pour point, Preservative Swab, brush, or dip, Leather equipment
free) 259F and softener then rub into leather
0-8-588 Sodium chro- 0. 15% solution of Corrosion Corrosion in- Flushing or as additive | Flushing chambers
mate, anhydrous tech- sodium chromate inhibiting hibitor (see para 5.2.4.2 for | and cylinders that use
nical proportions) glycerine and water
mixture. Added to
glycerine and water
mixtures as a corro-
sion inhibitor
MIL-C-11796 Corrosion | Petrolatum and Flash point, Corrosion pre- | Brush on at room Antifriction bearings;
preventive, petrolatum, | corrosion-preventive | 350°F. Melt- | ventive temperature or apply machined surfaces

hot application, Class
II - soft film

MIL-P-15159
Preservative coating,
CANVAS

MIL-C-16173
Corrosion preventive,
solvent cut-back, cold
application

Grade 1

compound

Mot specified

Hard film preserva-
tive in solvent

ing point 1359
F

Flash point,
80OF

Flash point,
100°F
Melting point
of nonvolatile
fraction,
175°F min

Preservative

Corrosion pre-
ventive

by dipping in melted
material

Brush

Brush, dip, or spray

requiring compound
easily removable at
room temperature.

Untreated canvas

which has been ex-
posed to weather from|
18 to 24 months

Protection of gun
bores exposed to out-
door weather condi-
tions; general pur-
pose preservation,
indoor or outdoor,
with or without cover,
and for domestic and
overseas shipment
where a dry-to-touch
film is required

(NOISIA 38 HLHNO04) 0008 O QHOAVN
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Table 5. 4 - Properties and Typical Uses of Nonlubricating Preservatives (Continued)

TYPE OF METHOD OF TYPICAL
SPECIFICATION COMPOSITION PROPERTIES COMPOUND APPLICATION USES
MIL-C-16173 (Cont'd)
Grade IA Hard film preserva- | Flash point, Corrosion pre- | Brush, dip, or spray Same uses as Grade I
tive in solvent 1000F ventive but affords outdoor
Melting point of protection for longer
nonvolatile periods
fraction, 1500
to 1609F
Grade 1T Soft film preserva- Flash point, Corrosion pre- | Brush, dip, or spray Extended protection of
tive in solvent 1000F ventive interior or exterior
surfaces of machinery,
tools, bearings, or
other material under
cover, with or without
supplementary barrier
materials; outdoor
protection of material
for limited periods
where metal tempera-
tures do not reach
levels which produce
flow of the corrosion-
preventive film; thin
film preservative in
hydraulic systems
Grade IN Water-displacing Flash point, See above Brush, dip, spray, or | Displacement of water

soft film in solvent

100°F

flush

or salt solution from
corrodible surfaces
to prevent or arrest
corrosion; protection
of interior surfaces
of machinery instru-
ments or material
under cover, for lim-
ited periods; protec-
tion of eritical bare

steel or phosphated

SHALLYAMASTHd ANV SHANVATO
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Table 5.4 - Properties and Typical Uses of Nonlubricating Preservatives (Continued)

TYPE OF METHOD OF

SPECIFICATION COMPOSITION PROPERTIES | ~ompouND APPLICATION

TYPICAL
USES

MIL-C-16173 (Cont"d)
Grade III (Cont'd)

MIL-C-18487 High melting point Melting point, | Corrosion pre- | Hot, by brush, dip,
Compound, gun slushing | petrolatum, wax 1509 to 165°F | ventive spray, or flow coating
and corrosion
inhibitor

surfaces for extended
periods when pack-
aged with satisfactory
barrier materials

Corrosion prevention
for ferrous and non-
ferrous metals in long-
term storage, in-
doors and outdoors;
harbor nets

(NOISIATY HLHNOA) 0008 O THOAVN
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5.2.4.2. Federal Specification O-8-588,
Sodium Chromate, Anhydrous, Technical.

A solution is prepared for use by dissolving
0.2 ounce, 5.7 grams, of anhydrous sodium
chromate in one gallon of fresh water, making
a 0. 15 percent solution. After using this solu-
tion, flush equipment with corrosion-preven-
tive MIL-C-16173, Grade I, to displace the
sodium chromate and water solution, prior to
applying the prescribed preservative. Do not
use petroleum solvents in the above flush-
cleaning operation as they would emulsify.

5.2.4.3 MIL-C-11796, Corrosion Preventive,
Petrolatum, Hot Application. Study the speci-
fication for detailed cleaning procedure prior
to use of this compound.

5.2.4.4 MIL-C-15158 (NAVY), Preservative
Coating, Canvas., Thirty minutes after appli-
cation of this preservative, light handling of
the canvas is permissible. Forty-eight hours
are required for complete drying.

5.2.4.5 MIL-C-16173, Corrosion Preventive,
Solvent Cutback, Cold Application,

5.2.4.5.1 Grade 1(Hard Film). This com-
pound becomes viscous at temperatures below
20°F and should be maintained at room temper-
ature for 24 to 48 hours prior to use and during
application. Since the ingredients in this com-
pound separate upon standing, mix thoroughly
before using. Allow preservative film to dry
tack-free (about four hours), before wrapping
the equipment.

5.2.4.5.2 Grade 1A (Hard Film). Agitate this
material thoroughly before application. Drying
time is approximately 72 hours. Equipment
treated with this compound may be handled
without damage to the preservative film. Be-
cause abrasions in the coating are not self-
healing, compound must be reapplied to affect-
ed areas.

5.2.4.5.3 Grade 2 (Soft Film). This com=
pound becomes viscous at temperatures below
10°F and tends to separate at temperatures
below 60°F. Tt should be maintained at room
temperature for 24 to 48 hours prior to use.
Before equipmernt is wrapped, allow the film to
dry to a tacky consistency. When used in en-
closed equipment, it should be force-ventilated
to remove solvent vapors and prevent self-
stripping,

5.2.4.5.4 Grade 3 (Soft Film, Water Dis-
placing). This compound becomes viscous at

temperatures below 0°F. Keep at room tem-
perature for 24 to 48 hours prior to use. Affer
using this compound, apply a specified pre-
servative.

5.2.4.6 MIL-C-18487 (NOrd), Compound, Gun
Slushing. Apply this compound hot. Control
the heating thermostatically so that the fem-
perature of the compound does not exceed 180°
F. The preservative coating is built up by
repeated applications. A coating of approxi-
mately 1/16 inch is adequate. When properly
applied, this compound will not run off in ex-
tremely hot weather, nor crack in extremely
cold weather.

5.3 SAFETY PRECAUTIONS.

The use of cleaners and preservatives often
presents situations hazardous to personnel and
property. The following Safety Precautions
should be observed to prevent injury to person-
nel from the effects of toxic and corrosive sub=-
stances and to avoid fire and damage to equip-
ment.

5.3.1 ACIDS. When working with acids, be
careful to avoid splashing, spilling, or spray-
ing. In metal pickling where open tanks are
used, operators should be particularly careful.

Use Pyrex glass containers for work with
acids. Thick-walled glass containers should
not be used in mixing acids because of their
greater susceptibility to breakage than thin
glass when exposed to temperature changes.

Observe the following precautions when
using acids:

a. Avoid contact with eves, skin, and
clothing.

b. If acids contact the skin, wash the ex-
posed area thoroughly with water, then rinse
with water containing one percent bicarbonate
of soda.

¢. Do not take acids internally.

d. Prepare and use acids in well-ventilated
locations. Do not inhale vapors. Avoid expo-
sure for extended periods.

€. Use long-handled brushes.

f. Wear goggles, apron, and rubber gloves.

g. Wear a dust mask when handling or using
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anhydrous acids, such as chromium trioxide,

h. Do not add water to acids. When di-
luting, the acid must be added to the water
slowly, with constant mixing.

i. To avoid fires, be certain not to mix
flammable organic material such as alcohols
and other solvents with chromic acid or other
oxidizers.

j- Avoid spilling, as it may cause fire or
liberate dangerous gases.

k. Do not use acid-type cleaning fluids and
rust removers containing {lammable solvents
near an open flame.

l. Set spent acids aside for reclamation,
or flush them down the drain with a large quan-
tity of water. Some acids, such as hydro-
fluoric acid, require careful neutralizing with
an alkali before flushing down the drain.

5.3.2 ALKALIES. Observe the following pre-
cautions when handling and using alkalies:

a, Do not take alkalies internally.

b. Avoid contact with eves, skin, and
clothing,

¢, Ii alkali contacts the skin, rinse the
affected area thoroughly with water.

d. Woear goggles or face shield and rubber
gloves.

e. Use cool water for dissolving heat-
generating alkalies such as sodium hydroxide
or potassium hydroxide.

f. To avoid violent spattering in the prep-
aration of alkaline solutions, add strong alka-
lies to the water, slowly.

g. For disposal, carefully neutralize alka-
lies with an acid and flush down the drain with
a large quantity of water.

5.3.3 ORGANIC SOLVENTS. Take every pre-
caution to prevent contamination of the air by
organic solvent vapors. Most organic solvent
vapors are heavier than air, necessitating ad-
mission of fresh air at the top of the room and
withdrawal of contaminated air near the deck.

In operations requiring transfer of solvent-
soaked materials to drying ovens, adopt closed

5-16

systems whenever possible., Examine these
systems periodically for the leakage of organic
solvent vapors into the room. Provide an ade-
quate method of removing toxic vapors or gases
so that the maximum allowable concentrations
established by the American Conference of
Governmental Industrial Hygienists are not
exceeded. Maximum allowable concentrations
for some of the more commonly encountered
VApOrs Or gases are:

MAXIMUM
ALLOWABLE
SUBSTANCE CONCENTRATION
(ppm*)
Ammonia 100
Amyl acetate 200
Benzene (benzol) 25
Carbon dioxide 5000
Carbon disulfide 20
Carbon monoxide 100
Carbon tetrachloride 25
Chlorine 1
Ethyl alcohol 1000
Gasoline 500
Methyl alcohol 200
Perchlorethylene 200
Trichlorethylene 100

While working with organic solvents in deep or
nearly closed tanks, such as vapor degreasing
tanks, remove vapors in accordance with the
recommendations of the manufacturer for the
particular equipment used.

Under no circumstances should organic sol-
vents be heated unless it is so stipulated in
instructions or specifications, as the vapors
may be flammable or highly toxic. When use
of heat is permitted, as in some degreasing
baths, supply the heat with thermostatically
controlled steam or hot water coils and provide
adeguate ventilation. Never use open flame or
exposed electrical heaters to heat organic
solvents.

5.3.3.1 Precautions Against Fire. To pre-
vent or reduce fire hazards, cbserve the fol-
lowing precautions:

a. Ground metal objects in accordance with
approved safety regulations.

*Parts of vapor or gas per million parts of
air, by volume.
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b. Prohibit smoking in areas where organic
solvents are being used,

c. Keep organic solvents away from heat
and open flame.

d. Adequately ventilate areas in which or-
ganic solvents are being used to prevent explo-
sive air-vapor mixtures.

e. Do not allow any person in the area
where organic solvents are being used to have
in his possession, matches, lighters, or any
material which may cause sparking.

f. Use explosion-proof lights in all areas
within fifty feet of organic solvent cleaning
operations,

g. GQuantities of organic solvents and other
flammable materials present in working areas
are not to exceed the amount necessary for one-
day operations.

h. Stow organic solvents in excess of one
gallon in approved and placarded areas at the
end of the working day.

i. Store brushes and small quantities of
organic solvents in fireproof lockers at the end
of the working day.

j. Be sure that adequate firefighting equip-
ment is on hand before starting the cleaning
operations.

k. Eeep cleaning rooms free of all materials
not required for the immediate operation.

5.3.3.2 Precautions for Personnel. To pro-
tect personnel against injury, observe the
following precautions;

a. Avoid prolonged or repeated contact of
organic solvents with the skin.

b. Do not use organic solvents as hand-
cleaning agents to remove grease, dirt or
other stains, as they are often skin irritants or
drying substances.

c. Use only approved ointments for skin
irritations caused by organic solvents.

d. Do not take organic solvents internally.

e. Do not inhale vapors from organic sol-
vents. Vapors of chlorinated hydrocarbons
such as carbon tetrachloride, perchlorethylene,
and trichlorethylene are highly toxic, and it is
necessary to be extremely careful when using
them, see paragraph 5. 1. 4. 17. Forced venti-
lation is required. Do not use these substances
in a confined space under any circumstances.

f. Avoid contact with eyes, skin, and
clothing.

g. Do not employ pressure to empty organic
solvent containers. Do not reuse empty con-
tainers without adequate cleaning.

h. Before using, inspect organic solvents
for contamination by water, dirt, and other
foreign materials. If they are too contaminated
for use, set them aside for reclamation or dis-
card them in accordance with prevailing
regulations.
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Chapter 6

COOLANTS AND ANTIFREEZE COMPOUNDS

6.1 GENERAL

During the operation of some ordnance sys-
tems equipment, water, circulated in metal
jackets is used as a coolant. The water trans-
fers heat from the mechanism to the surround-
ing medium. For instance, in the case of
certain gun-barrel cooling systems, the water
flows to a large tank where it is cooled before
being recirculated. Should the coolant not cir-
culate properly because of the formation of ice
crystals, overheating and failure of the equip-
ment may result; therefore, when temperatures
below 35°F are expected, an antifreeze com-
pound must be used. A similar mixture
(heated) is used in circulating systems to pre-
vent the formation of ice on gun shields,

6.2 COOLANT FOR TEMPERATURES ABOVE
35°F.

When temperatures above 35°F are expected,
use fresh water as a coolant. Sodium chro-
mate, specification 0-5-588, in the proportion
of five grams per gallon of water, is used to
retard corrosion and the formation of scale on
the metal surfaces of cooling systems.

6.2,1 SUBSTITUTE. A corrosion inhibitor
compound conforming to Federal Specification
0-1-490a2 may be used in the proportion of one
ounce to each two guarts of water.

6.3 COOLANT FOR TEMPERATURES BELOW

ately operating the system and adding more
water if necessary. Do not pour cold water
into a very cold system before adding the anti-
freeze compound, as freezing may take place.
When adding coolant to a hot or overheated
system, be careful to avoid cracking the metal
water jacket by abrupt changes of temperature.
Pour small quantities of coolant into the sys-
tem while the equipment is operating, and
allow to circulate before adding more, or stop
the equipment and allow to cool before adding
coolant.

Table 6.1 - Required Proportions of
Antifreeze at Specified Temperatures

10 GALLONS OF ANTI-
FREEZE AT SPECIFIED
PROTECTION TEMPERATURES
TO ETHYLENE ETHYL
GLYCOL OR ALCOHOL
(GALLONS) (GALLONS)
20°F 1.75 1.7
10°F 2.5 2.7
6°F 3.25 3.5
-10°F 4.0 4.0
-20°F 4.5 4.7
-30°F 5.0 2.9
-40°F B.B 6. 25
-50°F 5.7 7.26
-60°F 6.0 8.0

3°F.

Use inhibited ethylene glycol, specification
0-A-548, diluted with water, as the coolant
when ambient temperatures below 35°F are
expected, The proportions required for pro-
tection from 20°F to -80°F are shown in table
6.1. This compound is miscible with water in
all proportions. Mix ethylene glycol with
water prior to adding it to the system to insure
proper proportioning and thorough mixing. If
a suitable container is not available for mixing,
the proper amount of antifreeze compound may
be poured directly into the system and water
added until the system is filled to the service
level. Thoroughly mix the liquid by immedi-

6.3.1 SUBSTITUTE. When fluid conforming
to specification O-A-548 is not available, fluids
conforming to MIL-H-5559A and MIL-A-8243B
may be used. However, the system should be
drained before changing from one fluid to an-
other. In an emergency, ethyl alechol con-
forming to O-E-T60, Grade ITl may be used
after completely draining the system of ethyl-
ene glycol, The proportions required for pro-
tection from 20°F to -60°F are shown in table
6.1. To inhibit corrosion, two ounces of tri-
ethanolamine, specification MIL-E-50011, per
ten gallons of antifreeze solution should be
added to the water and thoroughly mixed before
adding the alechol.

6-1/6-2



Chapter T

OPERATION UNDER EXTREME CLIMATIC CONDITIONS

7.1 GENERAL.

Naval ordnance systems are usually designed
to operate over a certain ambient temperature
range; therefore, the material used in lubrica-
tion and hydraulic systems must be selected to
insure reliable and efficient operation over this
range. For example, naval ordnance is ex-
pected to operate properly at ambient tempera-
tures as low as -65°F, while shipboard ordnance
is normally expected to operate satisfactorily
over the temperature range -20° to 160°F.
Although provision is normally made in the
design and lubrication instructions for the ex-
pected conditions of operation, it is not always
possible to provide for all contingencies in
advance. For this reason the following special
instructions are given.

7.2 HOT WEATHER ENVIRONMENT.

When subjected to elevated temperature,
oils may require more frequent renewal be-
cause of run-off due to decrease in viscosity.
This is most likely to occur when the oils are
used in exposed locations and subject to solar
radiation, and may necessitate a change to oils
having the required viscosity at the higher
temperature. In these cases use approved
lubricants selected from the appropriate tables,
for example:

HOT WEATHER
NORMAL LUBRICANT REPLACEMENT
MIL-L-3503
MIL-L-16785 Grade A
MIL-G-17745 Grade B
MIL.-1.-19224 Grade B
or Grade C

VV-L-800

MIL~-1L.-16785 Grade B
MIL-G-17745 Grade A
MIL-1.-19224 Grade A

Since higher temperatures may also accelerate
corrosion, especially where humidity is high,
it iz important that surfaces exposed to these
conditions be examined and relubricated with
the specified materials, when necessary.

The recommended operating temperature
range for lubricating greases is normally wide
enough so th-  ffective lubrication is possible

under conditions of elevated temperature due
solely to climatic variations, however, if tem-
peratures considerably above 160°F are antici-
pated, specially formulated high temperature
greases should be selected from those listed
in table 3. 10.

When the equipment is returned to normal
environment, all materials which were changed
because of hot weather environment should be
replaced with the materials specified in the
lubrication charts and instructions for the
equipment.

7.3 COLD WEATHER AREAS.

Lubrication charts and instructions often
contain special information on procedures for
winterizing equipment for cold weather opera-
tions. Changes in lubricants are not usually
necessary when temperatures remain above
0°F, For some equipment, the instructions
require diluting certain lubricants with lower
viscosity oils, such as VV-L-800 or VV-1-530.
Some types of equipment are provided with
lieaters which are used to warm up the equip-
ment to the proper operating temperature
range. It should be noted that several low tem-
perature oils are available, and wherever pos-
sible, their use is preferable to the dilution of
high viscosity oils. For applications involving
the use of lubricating grease, low temperature
and wide temperature range greases are avail-
able to cover a temperature range of -65°F to
350°F. These lubricants are listed in table 3. 10,

7.3.1 LUERICATION.

7.3.1.1 Cold Weather Replacement. To avoid
the necessity of applying heat or using diluting
agents to remove congealed lubricants when
making cold weather replacements, all neces-
sary changes of lubricants should b¢ made
before entering the cold weather area. Instruec-
tions and lubrication charts should be followed
with regard to the proportions of dilutents to be
used when these are specified. In other in-
stances oils or greases may be replaced, if
necessary, by oils or greases of lower viscosi-
ties or consistencies. The following examples
are typical:
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COLD WEATHER
NORMAL LUBRICANT REPLACEMENT
VV-L-800 Qil
Same, diluted with
20% MIL-L-3572,
Grade A
MIL-1.-18486 Oil
diluted with 30%
MIL-L-3503 0Oil
MIL-G-7711 Grease
MIL-L-19224 Grade A
MIL-L-19224 Grade A

MIL-L-3503 Oil
MIL-L-3572, Grade C,
0il

MIL-L-18486 Oil

MIL-G-18709 Grease
MS 2075 TH
MS 2110

For equipment such as aircraft guns, rock-
ets, missiles, and fire control instruments
which may be subjected to extreme tempera-
tures, the specified lubricants are required to
perform satisfactorily in the various applica-
tions at these temperatures. See tables 3,3 to
3. 10 for lubricants having suitable character-
istics. When none of the lubricants listed is
considered adequate for the anticipated require-
ments, the problem should be referred to NAV-
ORDSYSCOM.

7.3.1.2 Emergency Replacement, Sluggish
operation or failure of delicate equipment to
start may be expected under cold weather con-
ditions if preparations for entering cold weather
areas have not been adequate. Under such con-
ditions it may be necessary to apply heat ex-
ternally to aid in removing congealed lubricants
or to permit movement of parts, Where heat-
ers are provided in the equipment, instructions
for their use should be followed. Alternatively,
congealed petroleum base lubricants may be
diluted with a low viscosity oil such as VV-I-
530 or VV-L-800 while exercising the equip-
ment, or preferably, after dilution, the
lubricants may be removed and replaced with

others approved for low temperature operation.
Hardened petroleum base greases may be soft-
ened with kerosene, specilication VV-K-211, to
facilitate removal. After removal of hardenea
greagses, the equipment should be thoroughly
cleaned and immediately relubricated with
materials approved for low temperature opera-
tion. (See paragraph 7.3.1.1.) Care should
be taken that light oils or kerosene are not
allowed to flow into other parts of the equip-
ment. Upon return to normal environment, all
lubricants which were changed because of cold
weather conditions should be replaced by
materials specified in the lubrication charts
for normal operation.

7.3.2 HYDRAULIC SYSTEMS. Hydraulic
systems should be prepared for cold weather
operation by using the appropriate low tem-
perature hydraulic fluid. MIL-F-17111 may be
used to replace MS 2075 TH oil used in buffers
for cold weather operation. Of the glycerin-
water type mixtures, specification MIL-G-18694
Type A should be replaced with the Type B
mixture when temperatures below 0°F are
expected. Other low-temperature hydraulic
fluids are MIL-H-5606 (-65 to 300°F) and MIL-
H-81019 (=90 to 210°F). These fluids should be
used in those cases where their unique proper -
ties would be advantageous.

7.3.3 COOLING AND HEATING SYSTEMS.
The use of antifreeze mixtures for protecting
cooling systems, and in systems using heated
liquid for deicing or maintaining proper operat-
ing temperatures is fully explained in chapter
6, Because of the danger of damage from
freeze-ups, it is imperative that such systems
be properly winterized when cold weather is
expected.



Chapter B

STORAGE OF LUBRICANTS AND RELATED MATERIALS

8.1 STORAGE AND STORAGE LIFE.

Lubricants and related materials may be
stored for long or short periods before use.
Although they are relatively stable, they are
not inert and proper storage methods are
important,

8.1.1 FACTORS AFFECTING MATERIALS IN
STORAGE. Many factors contribute to the
deterioration of materials in storage. The
nature of their constituents makes them more
or less sugceptible to chemical and physical
changes, which are accelerated by elevated
temperature, humidity, exposure, and the
presence of certain catalysts. Principal physi-
cal changes are separation and contamination.

8.1.2 TYPES OF DETERIORATION. Oxida-
tion is the most commen chemical reaction in
stored materials. It occurs when the mate-
rial is exposed to air, particularly moist air,
and is accelerated by high temperatures and
the presence of certain catalysts. Materials
containing soluble additives may deteriorate by
decomposition or precipitation of the additive.
These and other chemical changes can produce
such harmful substances as acids, gases,
water, insoluble gum, and sludge. Animal and
vegetable oils are generally more susceptible
to chemical change than mineral oils. Physi-
cal changes include separation of oils from the
soap component in greases and separation of
insoluble additives from the parent material in
oils.

Rain, melted snow, and water vapor in the
atmosphere can contaminate materials which
are exposed or improperly sealed. Water
vapor trapped in the container prior to sealing
can condense when the ambient temperature
drops.

8.1.3 ESTIMATED STORAGE LIFE, At pres-
ent there are no standard tests to determine the
storage life of lubricants and related materials,
The best available information is derived from
practical experience and long-term observa-
tions. It is not a good practice to allow lubri-

cants to be stored indefinitely, since the
accuracy and usefulness of storage life
estimates is of doubtful value and is less reli-
able than periodic examinattons of the materials,
Examine the lubricants at least annually while
in storage, and semiannually while in service.
It is considered good practice to keep accurate
records of lubricants used, and use old stock
first. Whenever odor or appearance shows
evidence of change or separation, make suffi-
cient tests to determine compliance with the
applicable specification requirements. Samples
of the material for inspection should be ob-
tained from both the top and bottom of the
container.

Following is a suggested time schedule indi-
cating the intervals at which lubricants should
be tested to determine if there is any change in
the original material or any departure from the
specification requirements:

Animal or vegetable lubricants
and those having three or

more additives === 3 years
Synthetic lubricants --- 3 years
Petroleum -base lubricants con-

taining additives === 0} years
Petroleum -base lubricants

containing no additives === T years

B.1.4 HANDLING OF LUBRICANTS. Quality
and lubricating value of lubricants can be
affected by careless handling, causing opening
of container seams, which in addition to an
increase of safety hazards due to leakage, also
lead to contamination.

8.2 SAFETY PRECAUTIONS FOR STORAGE.

Generally, containers used to package mate-
rials supplied under specification requirements
are suitable for storage purposes. The effects
of over-heating, insufficient ventilation, and
proximity to dangerous materials must be con-
sidered when handling and storing lubricants
and related materials, Good housekeeping in
handling and storage areas should be stressed
at all times.
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8.2.1 PRECAUTIONS FOR INDOOR AND
OUTDOOR STORAGE.

B.2.1.1 Foundation of Storage Area. All
storage areas should have foundations of steel,
concrete, or adequately treated wood. Facili-
ties for proper drainage should be provided at
all times,

8.2.1.2 Stowage. Containers, when stowed,
should be handled carefully to avoid breakage.
I they are stacked, overloading of the lower
ones should be aveoided, as this may open
seams and permit loss of material. To prevent
accumulation of water in their upper ends,
drums should be stored on their sides,

Containers from which material is occasion-
ally being drawn should be kept tightly closed
when not in use, and should be stored with the
bung or outlet in the up position and securely
tightened. Solvent containers should be kept
out of the sun and away from heat at all times,

Lubricants and related materials should be
segregated from explosives and dangerous
materials,

8.2.1.3 Inspection. Before containers are
stored, inspect for corrosion, leakage, and
complete closure of all plugs, caps, and
covers. Remove all corrosion and repaint the
affected areas.

During storage, inspect containers fre-
quently for leakage and corrosion, If tests in-
dicate that the contents of leaking containers
are in satisfactory condition, the materials
should be transferred immediately to service-
able containers, Remove and destroy leaky
containers.

Inspect storage areas for adequate drainage,
foundations, and properly placed undamaged
tarpaulinsg. Correct all deficiencies found
during inspection, immediately.

B.2.1.4 Fire Prevention. Vapors from oils,
greases, solvents, and similar products are
flammable. When combined with air in certain

concentrations they may form explosive mix-
tures which can be ignited easily by a spark,
open flame, or lighted cigarette., To prevent
accumulation of flammable vapors, storage
areas must be properly ventilated. To safe-
guard against fire and explosion, display warn-
ing signs, prominently, keep oil-fire extin-
guishing equipment available, and keep interiors
of stacks open to permit entry of fire-fighting
equipment. Use spark-enclosed fork-lift trucks
only.

8.2.2 PRECAUTIONS FOR INDOOR STORAGE.
Flammable materials such as oils, greases,
and solvents, packed in metal containers or
overpacked in fiberboard wood boxes are best
protected when stored in special nonflammable
buildings. A temperature range of 40° to 80°F
is the most desirable for storage.

Vapors from lubricants and related materials
may frequently have a toxic effect on the human
system. Take every precaution to prevent
excessive concentrations of such vapors in the
air.

When space is limited, it may be necessary
to store lubricants and related materials in a
general storage warehouse. In this case, use
end bays whenever possible.

8.2.3 PRECAUTIONS FOR OUTDOOR STOR-
AGE. Every effort should be made to store all
containers of lubricants or fluids inside. But
where outdoor storage is absolutely necessary,
a cover, such as a tarpaulin or shed is desir-
able to afford all-weather protection, When
tarpaulins are used, lash them in place se-
curely and position them so that air is {free to
circulate around the containers. Drums should
be stored upside down or on their sides for
added protection against rain water, and also
to reduce the danger of additional contamination
that could have accumulated and entered through
the chime. Extremely low temperatures will
stiffen some lubricants so that they may not be
dispensed with ease, therefore it is desirable
to move them into warmer temperature prior

to immediate use,



Appendix A

GLOSSARY

ACID - A chemical compound which yields
hydrogen ions in a water solution.

ACID NUMBER - The number of milligrams of
potassium hydroxide required to neutralize
the free, fatty acid in one gram of fat, oil,

Oor wax.

ADDITIVE - Any material added to a lubricant
to improve one or more of its physical or
chemical properties,

ADSORPTION - Adhesion of extremely thin
layers of gases or ligquids to solids.

AGE HARDENING - The increase in consistency
{hardening) of a lubricating grease with stor-
age time.

ALIPHATICS - Organic compounds in which
carbon atoms are joined in open chains as
opposed to the ring structures of aromatie
compounds,

ALKALI - A chemical compound which yields
hydroxyl ions in a water solution.

ALKALI CLEANER - A combination of alkalies
or alkaline salts, with or without surface-
active agents or wetting agents, which when
used in an aqueous solution, cleans by sapon-
ification and emulsification.

ALUMINUM-BASE GREASE - A grease made
with an aluminum soap.

ANHYDROUS - Devoid of water, especially
water of crystallization.

ANILINE POINT - The minimum eguilibrium
solution temperature for equal volumes of
aniline and sample.

ANIMAL OIL - A fat or oil of animal origin,
such as tallow, lard, lanolin, and sperm oil.

ANTIFOAM AGENT - A substance added to an
oil to prevent formation or retention of excess
foam.

ANTIFREEZE - A substance which, when added
to water, lowers the freezing point of the
water.

ANTIFRICTION BEARINGS - Ball and roller
bearings; also modifications of them,; such as
needle bearings.

ANTIOXIDANT - Oxidation inhibitor; an addi-
tive which prevents oxidation.

ANTISEIZE COMPOUND - A material designed
to facilitate the assembly or disassembly of
closely mated parts, and which will prevent
scoring, gouging or galling of parts in close
contact.

ANTIWEAR AGENT - A substance added toa
lubricant to enhance its antiwear properties.

A.P.I. GRAVITY - An empirical scale for
measuring the density of liquid petroleum
products, the unit being called the "A.P. 1.
degree. "

APPARENT VISCOSITY - The ratio of shear
stress to the rate of shear, the ratio varying
with the shear rate.

AROMATIC - Organic compounds which con-
tain one or more benzene rings.

ASPHALT - Black, solid or semisolid bitumens
which occur in nature or are obtained as a
residue during petroleum refining.

ASTM-CFR ENGINE - Standard engine em-
ployed to determine cetane and octane num-
bers of diesel and gasoline fuels.

ATOMIZATION CHARACTERISTIC - The
ability of an oil to be broken up into a fine
spray by mechanical means,

BATCH PROCESS - Any manufacturing process
in which the charge is added in definite por-
tions, with the operations of the process and
the removal of the products being completed
on each portion before addition of the next
charge.

BEARING - Support for a shaft.

BINDER - A material which promotes adher-
ence between particles of lubricating solids
and between lubricating solids and substrate.

BELEEDING - The separation of liguid lubricant
from a lubricating grease for any cause.
(Although excessive bleeding is harmful, a
small amount of free oil can aid lubrication. )

BLOWN OIL - 0il which has had air blown
through it to increase its viscosity or to alter
other properties.

BONDED SOLID FILM LUBRICANT - A solid
lubricant dispersed in a continuous matrix of
a film-forming compound such as a resin.
Film-forming constituents may also serve a
lubricating function.

BONE OIL - Fatty oil obtained by the dry dis-
tillation of bones.

BOTTOM SEDIMENT - The emulsion of oil,
water, and mud which settles out of crude oil
in storage.

BOUNDARY LUBRICATION - Lubrication in
which the friction between two surfaces in
relative motion is determined by the proper-
ties of the lubricant other than viscosity. The
films of lubricant involved are of molecular
dimensions in thickness.
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BRIGHT STOCK - High-viscosity lubricating
oils which have been refined to make them
clean products of good color.

B. T.U. - British thermal unit. The amount of
heat required to raise the temperature of one
pound of water 1 degree Fahrenheit.

CALORIE - The amount of heat required to
raise the temperature of one gram of water
one degree Centigrade.

CATALYST - A substance which promotes
chemical reaction between other substances
without itself undergoing chemical change.

CENTIGRADE SCALE - Temperature scale in
which the freezing point of water is 09 and
the boiling point 1009,

CENTIPOISE - One one-hundredth of a poise.

CENTISTOKE - One one-hundredth of a stoke.

CETANE NUMBER - The percentage of cetane
in a blend of cetane and alpha methyl naphtha-
lene having the same ignition quality as a
sample of diesel fuel.

CHANNELING - A term used in connection
with ligquid lubricants and flow type lubri-
cating greases to describe the tendency at
low temperatures, for these materials to
form a plastic structure sufficiently strong
to resist flow under gravitational forces only.

CHEMICAL STABILITY - The resistance of
materials (e. g. lubricants) to chemical
change in any specified environment or media.

CHROMATOGRAPHY - A technique for sepa-
rating and measuring the components in either
a gas or a liquid. The principle is based on
rates of adsorption and desorption under
specified conditions.

CLOUD POINT - The temperature at which
paraffin wax, or any solid substance, begins
to erystallize or separate from solution when
the oil in which it is dissolved is chilled un-
der prescribed conditions.

COEFFICIENT OF FRICTION - The ratic of
the force required to move one object over
another, to the total force pressing the two
surfaces together.

COHESION - The force of attraction of solid or
particulate matter between elements of the
same matter.

COLLOID - A substance in very finely divided
form (diameter less than 0. 001 mm) dis-
persed in a liquid or gas.

COLLOIDAL SUSPENSION - A mixture of solid
and liquid in which the solid is prevented
from settling out by extremely fine dispersion
and sometimes by the presence of a "defloc-
culating™ agent.

COMPOUNDED OIL - A petroleum oil to which
some animal or vegetable oil, or other chem-
ical substance, has been added.
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CONSISTENCY - The degree to which a plastic
material such as lubricating grease resists
deformation under the application of force,
Usually indicated by ASTM penetration.

CONVECTION - The transfer of heat by a
freely moving gas or liquid.

COOLANT - A substance used to absorb and
transmit heat to the surrounding atmosphere.

CORROSION - The gradual destruction and/or
pitting of a metal surface due to chemical
attack. May be but is not necessarily due to
the formation of acidic materials in the
lubricant.

CORROSION INHIBITOR - A substance added
to an oil, grease, or hydraulic fluid to retard
corrosion of metals.

CRACKING - Reduction in size of petroleam
molecules by thermal or catalytic action.

CRITICAL MASS - The amount of auclear fuel
necessary to sustain a chain reaction.

CUP GREASE - A lime base grease suitable
for compression cups.

DECANTATION - The act of drawing off, or
pouring off, a liguid from one container to
another without disturbing the underlying
sediment or lower liguid layers.

DEHYDROGENATION - Chemical reaction in
which an organic compound loses hydrogen
to form a less saturated compound; e.g.
formation of butylene from butane.

DELIQUESCENT - The property of a solid
substance which tends to absorb water and
form a solution when exposed to a moist
atmosphere.

DEMULSIBILITY - The resistance of an oil to
emulsification, or the ability of an oil to
separate from water. The better the demul-
gibility rating, the more quickly the oil
separates.

DENSITY - Mass of a substance per unit
volume. Water has a density of 1 gram per
ml at 4°C.

DETERGENT ADDITIVE - A substance which,
when dissolved in lubricating oil, reduces
the adhesion between solid particles of gum-
my or carbonaceous material and metals.
Used to minimize the gumming of piston
rings and valve lifters in internal combustion
engines.

DEW POINT - The temperature at which the
water vapor in air at a definite relative
humidity begins to change to liquid upon being
cooled,

DIELECTRIC STRENGTH - The average elec-
tric field strength at which electrical failure
or breakdown occurs under prescribed con-
ditions.

DIPHASE CLEANER - A two phase substance
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containing grease solvents, emulsifying
agents, and water. Primary cleaning,
accomplished in the emulsion phase, is im-
proved by action of the nonemulsifiable sol-
vents phase.

DISPENSABILITY - The property of a lubri-
cant which governs the ease with which it
may be transferred from lubricating equip-
ment to the point of application most used in
the discussion of grease dispensing systems,
where it includes both pumpability and feed-
ability.

DISPERSION - The state of separation of indi-
vidual solid particles of one phase throughout
a second phase.

DROPPING POINT - The temperature at which
grease passes from plastic to liquid state
under specified test conditions.

EMULSION - Colloidal dispersion of one
liquid in another, like oil in water,

EMULSIFIABLE SOLVENT CLEANER - A
combination of grease solvents and emulsify-
ing agents. Parts cleaned with oil in water
emulsion cleaners should be rinsed with
water; parts cleaned with water in oil emul-
sion should be rinsed with organic solvents.

ENCLOSED LOCATION - A location which is
normally heated or otherwise protected from
extreme weather conditions.

ESSENTIAL OIL - Qily substances, with char-
acteristic odors, occurring in plants, flowers,
leaves and other vegetable matter.

EVAPORATION L.OSS - The loss in weight of
an oil or grease after heating under specified
conditions expressed as a percentage of the
original weight.

EXPOSED LOCATION - A location which is not
normally heated, or fully protected from ex-
posure to weather.

EXTRACTION - The process by which the sol-
uble constituents of 4 substance are separated
from the substance by treatment with a liguid
solvent,

EXTREME PRESSURE (EP) ADDITIVE - A
material added to a lubricant to prevent
seizing at high operating pressures, as in
some types of gearing. May contain sulfur,
chlorine, phosphorous or lead compounds.

EXTREME PRESSURE GREASE - A lubricating
grease compounded for conditions where
heavy loads are expected or where unusual
wear between the rubbing surfaces may occur.
Such grease usually contains extreme pres-
sure additives.

FATIGUE OF METALS - Cracking, splitting or
complete rupture of metals under repeated or
continual application of stresses, such as
vibrations,

FATTY OILS - General term for natural glyc-
erides which occur in or may be extracted
from fats as liquids.

FEEDABILITY - The ability of a lubricating
grease to flow to the suction of a dispensing
pump at a rate at least equal to pump deliv~-
ery capacity. (Some lubricating greases do
not feed satisfactorily and cause cavitation at
the inlet to a dispensing pump. In such
cases, feedability can often be made satis-
factory by the use of follower plates. )

FERROUS METAL - Any metal alloy contain-
ing iron.

FIBER - In lubricating grease, the form in
which soap thickeners occur, the soaps
crystallizing in threads which are of the
order of 20 or more times as long as they are
thick. (Most soap fibers are microscopic in
in size, so that the grease appears smooth to
the eye. The greases having Fibrous appear-
ance are those where the fiber bundles are
large enough to be seen by the naked eye.
The most common fibrous lubricating grease
is sodium base, although not all sodium base
greases are fibrous. )

FIBEER GREASE - Grease of distinctly {ibrous
nature which is noticeable when samples of
the grease are pulled apart. Greases having
fibrous structure resist being thrown off gears
and bearings.

FILLERS - Any substance such as tale, pow-
dered mica or other powders, added to
greases to make them heavier in weight or
in consistency. Fillers do not make greases
better lubricants. Except in special applica-
tions their use is unnecessary.

FILM STRENGTH - The ability of a lubricant
to maintain a film to separate bearing sur-
faces without breaking down and allowing
metal-to-metal contact. The higher the film
strength, the greater load the lubricant can
support.

FIRE POINT - The lowest temperature at
which an oil vaporizes rapidly enough to burn
for at least 5 seconds after ignition, under
standard test conditions.

FLASH POINT - The lowest temperature at
which an oil or fuel gives off sufficient vapor
to form a mixture which will ignite, under
standard test conditions.

FRETTING - The removal of very finely di-
vided particles from bearing surfaces due to
inherent adhesive forces which are assisted
by vibrating motion., The finely divided wear
particles are then usually oxidized to a cor-
rosion product which has led it to be called
Fretting Corrosion, although corrosion does
not enter into the basic mechanism. It has
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also, in the past, been called False Brinelling
and Friction Oxidation when it occurred in
rolling contact bearings.

FRICTION, FLUID - The internal resistance to
flow due to the cohesiveness of the particles
of a fluid.

FRICTION, ROLLING - The resistance devel-
oped when a cylindrical, conical, or spherical
body is rolled over a surface with which it has
only line or point contact.

FRICTION, SLIDING - The resistance devel-
oped between two surfaces sliding across each
other.

GALLING - The damaging of surfaces of mov-
ing parts, caused by removal of particles
from localized areas.

GRAPHITE - A non-crystalline form of carbon
either natural or synthetic in origin.

GREASE - A solid to semifluid product of a
dispersion of a thickening agent in a liquid
lubricant. Ingredients to impart special
properties may be included.

GUM - Sticky deposit, black or dark brown,
which results from the oxidation of unstable
constituents in gasoline during storage. Gum
is also a word used in the paint industry for
certain natural resins.

HEAT STABILITY - Resistance to permanent
change resulting from heat alone.

HERTZ LOAD - the "mean Hertz Load" speci-
fied is derived from a series of wear meas-
urements at graded loads up to complete
seizure, with an apparatus comprising four
standard steel balls pressed together in pyra-
mid form; the lower three are fixed while the
upper one rotates against them.

HOMOGENIZATION - The process of subjecting
@ lubricating grease to intimate mixing and
intensive shearing action, the end result of
which is to obtain a more uniform and higher
degree of dispersion.

HYDRAULIC - Denoting processes or equip-
ment in which power is transmitted or motion
is controlled by liquids.

HYDRAULIC MEDIUM - Oils that transmit
forces through pipes or tubes, as in machine
tools, jacks, aircraft control systems and
others.

HYDROLYSIS - The interaction of a compound
with water, resulting in breaking down the
compound into basic or acidic constituents or
both,

IMMISCIBLE - Not capable of being mixed;
tending to form 2 layers, as do oils and water.

INCOMPATIBILITY - Two lubricating greases
show incompatibility when a mixture of the
products shows physical properties or service
performance which are markedly inferior to
those of either of the greases before mixing.
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INHIBITOR - Any substance which slows or
prevents chemical reaction or corrosion.

INTERFACE - The surface of separation be-
tween 2 phases,

JOURNAL - That part of a shaft or axle which
rotates in or against a bearing.

KINEMATIC VISCOSITY - The ratio of the
viscosity of a substance to its density at a
given temperature.

LARD OILS - Animal oils prepared from
chilled lard or from the fat of swine. They
are compounded with mineral oils to yield
lubricants of special properties.

LIME-BASE GREASE - Grease made with min-
eral oil and a scap containing lime. Greases
made with a lime base do not have high melt-
ing points, but they are outstanding in their
resistance to water, and are not washed away
or dissolved by it.

LUBRICANT - Substance capable of reducing
friction between 2 surfaces in relative motion.

LUBRICATING OIL - An oil designed to make
parts slippery and smooth and reduce the
coefficient of friction.

MELTING POINT - The temperature at which
a solid is reduced to a liquid by change in
heat content. With pure chemicals, this isa
single temperature, but with mixtures, as
are most petroleum products, the change
occurs over a temperature range.

MILITARY QUALIFIED PRODUCTS LIST - A
list of products which have met all require-
ments for qualification under the applicable
government specifications.

MILITARY SYMBOL (MS) QIL - One of a series
of petroleum-base oils covered by certain
Military Specifications. The symbols are
four digit numbers which indieate the type of
oil and its viscosity range.

MINERAL OIL - Generally speaking, this re-
fers to a wide range of petroleum products
and within the viscosity ranges of produects
considered as oils.

MISCIBLE - Capable of being mixed.

NEUTRALIZATION NUMBER - For an oil the
neutralization number is an indication of its
acidity or alkalinity. Acidity is measured by
weight of alkali needed to neutralize the acid
content of a standard sample. Alkalinity is
determined by neutralization of a standard
sample with an acid.

NLGI NUMBER - A numerical scale for
classifying the consistency range of lubricat-
ing greases, and based on the ASTM penetra-
tion number, NLGI hardness grades are
listed progressively as follows:

ASTM WORKED

PENETRATION

440 - 475

NLGI NUMBER
000
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ASTM WORKED

NLGI NUMBER PENETRATION
] 400 - 430
0 355 - 385
1 310 - 340
2 265 - 285
3 220 - 250
4 175 - 205
] 130 - 160
i 85 - 115

(Greases both softer and harder than this
consistency range are well known in the in-
dustry. BSuch greases do not bear an NLGI
Number. )

NONSOAP GREASE - A product like grease in
appearance and consistency but containing
mineral oil and heavy residuals from distilla-
tion of petroleum stocks. Also, a grease
made with a thickening agent other than a
metal soap.

NONSOAP THICKENER - Any of several spe-
cially treated or synthetic materials, except-
ing the metallic soaps of long chain fatty
acids, which can be either thermally or
mechanically dispersed in liquid lubricants to
form lubricating grease. Also called Syn-
thetic Thickener. Certain types are called
Inorganic Thickener.

QILINESS - Under certain conditions of lubri-
cation, one lubricant may reduce the friction
in & bearing more than a similar oil of the
game viscosity and applied in the same way.
This decrease in friction is called oiliness.

OXIDATION INHIBITOR - A substance added
to an oil, grease, or hydraulic fluid to inhibit
or retard its deterioration by oxidation.

OXIDATION STABILITY - The resistance of a
substance to reactions with oxygen, which
increase its content of acid-forming constit-
uents or other deleterious substances.

PENETRATION (of a grease) - The depth,
expressed in units of tenths of a millimeter,
to which a standard cone penetrates a sample.

PENETRATION, UNWORKED - The depth,
expressed in tenths of a millimeter, to which
a standard cone penetrates a sample of grease.

PENETRATION, WORKED - The depth, ex-
pressed in tenths of a millimeter, to which a
standard cone penetrates a sample of grease
after subjection to a specified working treat-
ment.

PETROLATUM - A purified mixture of petro-
leum hydrocarbons with unctuous nature.

PETROLEUM-BASE GREASE - A semisolid
lubricant, generally a mixture of a gelling
agent and a petroleum -base lubricating oil.

PETROLEUM -BASE OIL (MINERAL OIL) - An
oil derived from petroleum, and composed
largely of hydrocarbons.

PHASE - Any homogeneous portion of a sys-
tem; thus, a system comprising a liquid and
vapor has 2 phases. One phase may be dis-
persed throughout another, as in emulsions.

PLASTICITY - A complex property of a mate-
rial involving a combination of the properties
of mobility and yield value. A plastic mate-
rial is distinct from a solid in its possession
of mobility and from a liguid in that it re-
quires a measurable force to start flow.

POISE - Unit of absolute viscosity.

POUR POINT - The lowest temperature at
which an ofl will pour or flow when it is
chilled without disturbance under prescribed
conditions.

POUR POINT DEPRESSANT - A substance
added to a lubricant to lower its pour point.
POWER TRANSMISSION FLUID (HYDRAULIC)
- A liquid capable of transmitting power by
virtue of its low compressibility and the laws

of hydrodynamics.

PRECIPITATE - A substance separating in
solid form from a ligquid in which it was for-
merly dissolved, the separation being caused
by some chemical or physical change. It is
to be differentiated from a substance held
only mechanically in suspension, which is
known as sediment,

PRESERVATIVE - A substance which, if ap-
plied properly to an equipment, will retard
deterioration resulting from exposure to
deleterious conditions.

PRESSURE-WEAR INDEX - A number obtained
In testing a grease with a Shell Four-Ball
Extreme-Pressure Lubricants Tester. The
number is indicative of the load-carrying
capacity of the grease.

PRETREATMENT - Preparation of substrate
to promote adherence by cleaning and increas-
ing the area and irregularity of the substrate.
This pretreatment can be either mechanical
(sandblasting) or chemical (phosphating).

PROPRIETARY MATERIALS - Materials for
which no military specification exists. Such
a material must be requisitioned with an
accurate description of properties and source.

PUMPAEREILITY - The ability of a Iubricating
grease to flow under pressure through the
line, nozzle and fitting of a grease dispensing
system. It is best indicated by the apparent
vizcosity at moderate rate of shear.

QUENCHING OILS - Petroleum oils in which
heated metals are submerged to cool and
harden them.
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REACTION FILMS - A lubricating film formed
during sliding or rolling of loaded solid sur-
faces by chemical reaction with constituents
of the operating or lubricating media.

RESIDUAL OIL - Bottom products from dis-
tillation of crude oil.

RHEQLOGY - The science of the flow of vis-
cous fluids.

SAE VISCOSITY CLASSIFICATION SYSTEM -
A system devised by the Society of Auto-
motive Engineers for classifying lubricating
oils in terms of viscosity. A higher SAE
number denotes a more viscous fluid.

SAYBOLT FUROL VISCOSITY - The number of
seconds required for a specified volume of
extremely viscous liquid, at a prescribed
temperature, to flow through the orifice of a
Saybolt Furol Viscometer.

SAYBOLT UNIVERSAL VISCOSITY - The num-
ber of seconds required for a specified volume
of liquid, at a prescribed temperature, to
flow through the orifice of a Saybolt Universal
Viscometer. Temperatures normally speci-
fied are 100°F, 130°F and 210°F. Generally
liquids having rates of flow greater than 32
seconds and less than 1000 seconds are meas-
ured by the Saybolt Universal Viscometer
method. The unit of measure is Saybolt Uni-
versal Seconds, SUS.

SCORING - The scratches, or lines, resulting
from motion between two metals in close
contact.

SEIZING - The taking hold of contacting sur-
faces, resulting from high friction or poor
lubrication. The result is the restriction of
motion.

SELF-LUBRICATING MATERIALS - Solid
structural member containing a lubricating
phase capable of forming interface films to
reduce {riction and wear between moving sur-
faces under load.

SHEAR STABILITY - The ability of a lubricat-
ing grease to resist changes in consistency
(hardness), during mechanical working.
Working may be in any of several types of
laboratory machines or may be in actaal
service. This may also be called Mechanical
Stability.

SILICONE - The generic name for one of the
class of organicpolysiloxanes. Produced in
liquid, plastic and solid forms, and charac-
terized by ability to withstand the action of
high temperatures, chemicals and electric
current,

SILICONE OILS - A liquid silicone that is
characterized by good resistance to heat and
oxidation, high viscosity index and low pour
point, but not fully equal to mineral oil as
lubricants for steel on steel.

A-B

SLUDGE - A word which when applied to lubri-
cating oils, means undesirable residue and
deposits formed in crankcases by the oils
after extended use. The best oils have the
greatest tendency to resist formation of sludge.

SLUSHING OIL - 0il used on metals to form a
protective coating against corrosion. It
should coat the surface completely, and yet
be removable without undue labor. The oil
can be applied by brushing, spraying or dip-
ping.

SODA-BASE GREASE - A mixture of mineral
oil and a soap containing soda. Greases
made with a soda base do not have good re-
sistance to water and are often readily dis-
solved or washed away by it, They do have
high melting points and other characteristics,
making them preferable to other type greases,
except where moisture contamination is
likely,

SOLID ADDITIVE - A solid lubricating material
used in suspensions, slurries, or dispersed
in bonded films that is capable of lubrication
without chemical change (reaction). For ex-
ample, graphites, oil suspensions, grease
additives and solid film components.

SOLID LUBRICANT - A solid substance that
adheres to relatively moving surfaces under
contact conditions and reduces both friction
and wear.

"SOLUBLE" CUTTING OIL - A mineral oil
containing an emulsifier which makes it capa-
ble of mixing easily with water to form a
coolant for metal cutting tools and the work.

SOLVENT - A chemical that can dissolve
another. Also, the component of a solution
present in excess. ’

SOLVENT CLEANER - An organic grease
solvent, usually a relatively light hydrocarbon
fraction such as naphtha, or a chlorinated
hydrocarbon such as perchlorethylene.

SOLVENT-VAPOR CLEANER (VAPOR PHASE
CLEANER) - A grease solvent of the chlori-
nated hydrocarbon class, usually trichlor -
ethylene, used in a cleaning apparatus known
as a vapor degreaser. In this apparatus,
greasy objects ai a temperature below the
dew point of the sclvent vapors are suspended
above the bolling solvent. Solvent vapors
condense on the objects, dissolve the grease,
and drain into the solvent reservoir.

SPALLING - The cracking and flaking of metal
particles from the surface of a metal.

SPECIFICATION - A description of the techni-
cal requirements for a material, product, or
service, including the procedures by which it
can be determined that the requirements have
been met.

SPECIFIC GRAVITY - The ratio of the weight
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of a given volume of a substance to the weight
of an equal volume of water at a specified
temperature.

SPECIFIC HEAT - The ratio of the thermal
capacity of a substance to that of water at a
specified temperature,

SPONTANEQUS IGNITION TEMPERATURE -
The temperature at which an oil ignites of its
own accord in the presence of air under
standard conditions.

STOKE - The unit of measure of kinematic
viscosity, It is the ratio of viscosity to
density.

STORAGE LIFE - The period of time during
which a material can be stored under con-
trolled conditions and remain unchanged so
as to be suitable for the purpose intended.

SURFACE TENSION - The tension exhibited by
the free surface of liguids, measured in
dynes per centimeter,

SURFACTANT - A surface active chemical or
additive used to impart needed surface energy
properties. For example, wetting agent,
dispersing agents, ete.

SYNTHETIC GREASE - A synthetic oil thick-
ened with a soap, mixture of soaps. or other
gelling agents.

SYNTHETIC OIL - An oil synthesized by chemi-
cal reaction, such as by the formation of an
ester from the reaction of a synthetic organic
acid and an alcohol.

THERMAL VALUE - Calories per gram or
B.T. U. per pound produced by burning fuels.

THICKENING AGENT - The solid particles
which are relatively uniformly dispersed to
form the structure of lubricating grease in
which the liquid is held by surface tension and
other physical forces. (The solid particles
may be fibers, as in the case with various
metallic soaps, or plates of spheres, as is
the case with some of the nonsoap thickeners.
The only general requirements are that the
particles should be extremely small and that
they be capable of uniform dispersion in the
liquid lubricants. )

THIN FILM LUBRICATION - A condition of
lubrication in which the film thickness of the
lubricant is such that the friction between the
surfaces is determined by the properties of
the surfaces as well as the properties of the
lubricant,

THIXOTROPY - Property of certain jelly-like
substances to behave as liquids when agitated
or stirred.

UNCTUOQUS - Having a greasy, oily or soapy
feel when rubbed or touched by the fingers.
VAPOR PRESSURE - The outward pressure of
a mass of vapor at a given temperature, when
enclosed in a gas-tight vessel. It is an index

of the volatility of the ligquid from which the
vapor was produced.

VEGETABLE OIL - Oil obtained from seeds,
nuts, or other parts of plants,

VISCOSIMETER - An apparatus for determin-
ing the viscosity of a liquid.

VISCOSITY - Resistance to flow. Falls off on
heating. Affects the thickness of oil {ilms
under load and the power absorbed by the oil
in a mechanism.

VISCOSITY ABSOLUTE - Resistance to flow
expressed in units of force, an empirical
expression in Redwood seconds or the like.

VISCOSITY APPARENT (OF LUBRICATING
GREASE) - The viscosity expressed in poises
calculated from measurements at a given rate
of shear. The value varies with the shear
rate,

VISCOSITY INDEX (V.1.) - A figure of merit,
rating highest those products in which vis-
cosity is least affected by change of tempera-
ture.

VISCOSITY INDEX IMPROVERS - These are
synthetic hydrocarbon products of enormously
high viscosity, due to their large molecules.
Oils made by thickening thin oils with vis-
cosity index improvers have a better V.1,
than oils of equal viscosity prepared normally,
however, they are more susceptible than
ordinary oils to shear breakdown.

VOLATILITY - The percentage of an oil re-
covered at a specified temperature in a stand-
ard distillation test. The property of a liquid
denoting its tendency to vaporize,

WATER RESISTANCE - The ability of a lubri-
cating grease to withstand the addition of
water to the lubricant system without adverse
effects.

WASHOUT RESISTANCE - The ability of a
lubricating grease to resist being removed
from a bearing when acted on by a stream of
water.

WATER ABSORPTION CHARACTERISTICS -
The characteristics of a lubricating grease
when water is added to the lubricant system.
Water Absorption Characteristics may be
measured by any of several suitable tests in
which the lubricating grease may react in any
of three ways, described as follows:

WATER SOLUBLE - The lubricating grease
absorbs the water, and then de-gelsto a
semifluid consistency.

WATER ABSORBENT - The lubricating grease
absorbs relatively large quantities of water
with small or no change in consistency, and
without leaving free water as a separate
phase,

WEAR LIFE - The endurance limit of solid
film lubricant coatings is that point (i. e.
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stress cycles or time) at which the [ilm is no
longer capable of providing acceptable fric-
tion and wear properties. The end point will
vary with type of lubricant and the application
is influenced by load, speed, temperature,
pressure and specimen geometry,

WETTING AGENTS - Substances which, in
minute concentrations, increase the ability
of liquids to spread over, or "wel" solid sur-
faces; include scaps, synthetic detergents,
sulfonated oils, other chemicals.

WHITE OILS - Colorless and odorless mineral

oils. They are also desirable lubricants
where tasteless, colorless, odorless oils
must be employed.

WORK FACTOR - The measure of the resist-
ance of an oil to deterioration when subjected
to an endurance test.

WORKING - Subjecting lubricating grease to
any form of agitation or shearing action.

YIELD POINT (OR YIELD VALUE) - The
minimum force required to produce flow of
a plastic material.



INDEX

Par. Page Table Page
A CERAOTIER + i i m pocasin v weme s o et e e A rd B 3-13
Acids, saletyinuseof ....... A AR 7 | 5-15
L T R TR R R W R s T B [ AT 3-19
e i T e e e R e e o o 3.3.2 3-19
Aleehol. BHYL . v e s s e - e Al 5-9 b.1 5-3
Alkalies, safetyinuseof ............. 5.3.2 5-16
Alternate lobricants . . & o o« o vvcis o ns s e 2.3 2-1 2.4 2-14
Alternate material .. . 0 ... .ol a G 1.4.1 1-1
Antifreeze: e e S T T e el Al T 6-1 6.1 6-1
Antigseize compounds . . ... 00 00000000 3.3.8 3-317 3.11 3-37
Application of hydraulic fluids . ......... 4,1.2.2 4-2
Application of lubricants . .. . ... .... ... 3.4.2.2 3-38 3.12 3-40
Aretle conlitong < i 55 ia e s e e e A 7-1
Bearing lobricanls . e v om woiimaie son'se  Sagat 3-19 3.3 3=22
to to
3.3.9 3-32 3.12 3-40
Bearings, packingof ., ....4:c000 002, 3.4.2,4 3-29
Breechblock lubricant ..... i e 3.3.3 3-28 L | 3-30
Bucket-type lubricant pump . . . .. .. i R, o ke o [ | 3-13
T L T R e e T I P b & 4-5 4.2 4-6
Cable lubricants . ... .o sesnssaasnass Sadided d-24 3.6 3-29
Canvas preservative .. ...c o enverens D.2,4,4 5-15 5.3 5-12
Carbna:lobrteants oo S0l e e 3.4 3=-27
Chaindobritants ..o vme s i e b vis e | D edede & 3-24 3.6 3-29
3.12 3-40
Charts, lubricalion .. ... csvs2s 220 Sa1.4 3-1
i b4 T e e e e e P 3.12 3-40
e [ 10T : v aie B 0 ol O e P o e 5.1.4.9 5-9 5.1 5-3
Cleaners, substitute. . ... .. i ve=ees Bl 5-1
Cleaning materiale .. v v vwns vs s 2.1 5-1 2.1 5-3
Clappdng miethoull . o o o a e inswmmie an 5.1.2 5-1
Cleaning precauyHons . . . - v 25 vwcs rvono 5.1.3 5-1
Cleaning safety precautions ........... 5.3 5-15
Cold weather lubrication . ... . ... .0 .0 T.3.1 -1
Congealed lubricants ... ......cs0s .2 T.3.1.2 -2
Contamination prevention .. .. ..« 0., 3.4.2.1 3-38
BT o e e e Sl R e e 6.2 6-1 6.1 6-1
Corrosion inhibltors: .. oo .o oe iy 3.1.8 3-1
3.3.2.2 3-24 3.4 3-21
6.2 6-1
Corroslonprevention . .. ...:vc0vee-e-. 3,13 3-1
10 B 4-3
Corrosion preventive . ... vi e nvnaw. 5.2.4.5 §5-15 5.3 §-12
Coupler, hydraulic ....... PP R bR 3.2.2.2,1 3-19
COUMERrERcoll v s viim i w s sne a9 4-5 4.2 4-6
DELEETPATE. oo ooaim mimis s hn Bos s e 8k R 4.2.1.5 4-5 4.4 4-7
Decoppering . ... ...« Gt e et T [ e 5-T 5.1 5-3
Degreasing . ... .. .. AR L S R e 5.1.4.3 5-8 5.1 5-3
Deterioration, typesof .. .. icvivvens. B12 8-1
Pl ese el o e e e e G e T 0.1.4.14 5-9 e 5-3
Dissipation of Heak ... . o ois wine o swia s n s 9.1.2 3-1
Dry cleaningsolvent .........000:... 5.14.7 5-8 5.1 5-3
Electrical insulating oil . .. .. ..., ..... 3.3.2.5 3-24
Emergency substitute material ......... 1.4.3 1-1



NAVORD OD 3000 (FOURTH REVISION)

Ethyl alcohol
Ethylene glycol . . ... ....:
Filter maintenance .......
Filtering hydraulic fluids
Filters
Filters, portable . . . . .. ...
Fingerprint remover
Fireprevention . « v v v o v v a s

+++++++++++++++++++++++++

Fittings, lubrication ..........0:2:..

Fluids, hydraulic

# B F B B 8 B B

Flushing of hydraulic system . . .. .. .. ...

Forced-feed systems
Friction reduction ... .. ...
Fuel oil, diesel . ...
Fuze lubricant

....................

CEat TODPIPREION . vooniewen o om e s gt w5

Gear oils, petroleum base . .
Glossary
Glycerin-water mixtures

Graphite .
Graphite-base lubricants . ..
Grease-cleaning compound
Grease remover, heavy duty
Greases . . .

8 % ®

48 @ B o5 B B B E S E A

B OB B B B ® B 5 B 5 8 B 8 B ¥ @

Greases, brand- or trade-name . . .

Guided missile component lubricant

++++++++++++

Gun slushing compound . . .. .........0.0
Gyroscope lubricant . . .........

Heat dissipation
High-temperature grease ...
High-temperature lubricants .
Hot weather
Hydraulic coupler
Hydraulic fluids .. ... .04
Hydraulic fluids, cold weather
Hydraulic systems . . . .. . « «
Hydropneumatic recoil
Inhibited petroleum-base oils

Inhibitors, corrosion . .. ..« « -

Inspection of lubricants . ...

......................

Instructions, lubrication . . . . . . SN |

Instrument lubricants . .. ...

g
b

on
=
=
[=]

Lv=]

=
.
[

(-]

i el e G DN e D

—

®

"
-

s
[

D50 6 b 0 O 0 TN L0 00 B 2
B BB s e ek D DD

= P bt et B G DD ek B DO e B DO et
. T 5 i

s
(=
o

Py
".ﬁ‘
ANk
" b
e

= @

ke O O b ofs il o BB

=]

L= TR T T ]

B3 L3 E QN L3 GO =3 i
-
G0 L ek et D5 L O B

&
[ =]

&
=
b

-

B2
®
=

®
-

" ®
&

R T ]
® ®
L] 3

#
®

[T o e R O Y o
R ek B3 Mﬂiﬂr—*HMMM
B2 B

Page

& 0
a3

i
L)

(]

'L LN |

O L s s L2 QN 0D LN L3 Lo ke LO AR
P L U T

. e B ] ] | | I
HM\‘.DWMWMCH:..M
= == ] olbe

& L3 L3 EN 4N 5 2D = o N LS
]

i
—
&

=1
1
i

i 1
P DO e e e B
=]

.

e e R |
o b

o LS Lo O G0 G S ebs s o b L3 o] CO
Ml—m.n—Ml—-Mé'l

=

Table

o en
e

5.1

L -
[ =

L I T
(LE]

El

®

® @& ¥ %
CR=1

o DL ata
L
S et b=t 0 O O B LD = D

LS S8 BN S [P0 i ) o
- - L] L
e e kot it O3 [
B3 =] =

&3
(=]

o0 =

4.1

J.4

5-3

3-27

3-31
3-33



Par. Page  Table Page

Fewal DOAPINER ok e e A e e Sada 3-28 3.9 3-31
3.12 3-40

TR TUB BRI a1 51 vl a0 L P 5.1.4.8 5-8 5.1 5-3

Launcher component lubricants ......... 3,12 3-40

A5 e B R A A R P 5.1.4.5 b-8 5.1 5-3

Leakage of hydraulic fluids ............ 4.1.2.4 4-3

Linkage lubrleants . o uew e vmnm o w o s in e 3.12 3-40

Liow Lemperabtire . . cov vowive o s se e o s s el T=-1

Lubricant application . ..........00 ... 3.4.2.2 3-38

Lubricant, breechblock .............. 3, 3.83 3-28 | 3-30

Lubricant, graphite-base ............. 3.3.4 3-28 3.8 3-30

Lubricant ingpection ........ccoieaus 3.4,2.3 3-38

Lubricant properties .. ....osve s esnwa Sedul 3-19

Lubricant pump, bucket type ... ... .. AP o 1o HEh 1 | 3-13

Iabricant Tamowal s Sic s . i e e e 5.1 5-1 5.1 h-3

Lubricant renewal . ....... RS L . [ i 3-38

Labricant replacement . . v+ o s v s vnn« S.4.2.3 3-38

EOBTICANE EWDEE o o oncainn oousin: aimie s 3.3.1 3-19

Labricant UBEEE . u s v o nie vm e aaae u Sel 3-38 3.12 d-40

I T - SR e R 2 3.3 3-19

Lubricants, Bpecial oo es i emisdae e See il 3-19

LabricatIng OflE e e son st ms ey 3.3 3-19 2.1 2-2

Lubricating oils, corrosion mh:hxted, N P T 5y 3-24 3.4 3-27

Lubricating oils, petroleum-base . ....... 3,3.2 3-19 3.3 3-22

T | 2 A | By T BT e S T AP e i 3-1

Lubricatlon charts . . .o v s s s s sns Sulid 3-1

Lubrication devices . ... v s van s s Jul 3-2

Lubrication fittings .. .. ... .. Er e . 21,1 3-2

Lubrication instructions .............. 3.1.4 3-1

Lubricators . . .. . < e e L F S e | 3-13

Machine-gun lubrmants. e (e T e e e s 3.4 3-27
3.12 3-40

Maintenance of filters ...... U et g 3.2.1,3.2 3-13

Metal clegneT .. . s05 05563 88 946 58 5.3 ] 5.1 5-3

Metal conditioner ... .. ..ceveesa=0-e- B.1.4.4 5-8 L | 5-3

Military symboloils . ....... .40 .e.a. 3.3.2.1 3-19 3.3 3-22

Molybdenum disulfide . . . ... ... ... ... 3.3.7 3-32

Motor and motor-generator lubricants. . ... 3.12 3-40

Neat's foot 0fl . ....ccocuvueunneans D2.4.1 -11 5.3 5-12

Nonlubricating preservatives . . . . . ... ... 5.2.2 10 | 5-12

Oil removal ...... ; : SR T i B:d 5-3

Optical elements, cleaning uf e S 5.1 5-3

Organtc BOLVeNtS . . .« v cvniv v nmsvs o ns 5.3.3 5-16

Oxidation of lubricants .. .. ... ccvv e 8.1.2 8-1

Packdng of bearings .. .. ... . -c...cix, 3.4,.2.4 3-30

Pointeremoval o e e e e e 5.1 5-3

Printed surfaces, cleaningof .......... 5.1 5-3

Perspiration removal . .. ... B et 5.1 5-3

Petrolatum pregervative . . . ... ... ..... 5.2.4.3 5-15 5.3 5-12

Petroleum-base lubriecating oil .. ....... 3.3.2 3-18 3.3 3-22

Pistol lobrkeant - it st e sy et aa e 3.4 3-27

Plastics, cleéaning of . .nvs via v inins sins 5.1 5-3

Portable HHEER - . e aremiaie aie e me e 3.2.2.3 3-19

Power-transmission fluids . .. .. ... ... 4.1.2 4-1 4.1 4-2

Power-transmission systems . ......... 4.1.1 4-1

Preservalive greases . « v v v co v ann v vaas Dalal 5-0 5.2 5-10

Pragervative olle v svncars soama e e 5.2.1 a-0 9.2 5-10



NAVORD OD 3000 (FOURTH REVISION)

Preservative removal ... ... 5506545
Pregservatives, canvas . . ... oo v 5050
Preservatives, nonlubricating . .. ... ..

Proprietary greases (brand- or trade- name}
Protective CAPB .« v« s s s ns s snasanmsnna

Recoll fluids . ......
Recoll mechanisms .. .. .. .00 000004 :
RITIa-Dora C RN o o s oo sl s s i e
Rifle lubricant - ... 5005559
Rubber, cleaning of . .« v v o v v v 0 o0 s 0ns
Rust-removing compound . . .« s 4 0 v s 0oy
L Do) 1 e e S e B o R e e
Safety precautions . ..... i 0 m w  ni
Service applications of lubricants . . . . . . . .
Silicate-goap metal cleaner . .. ..... o
T S e e N AR e e
Small arms Jubricants .. .. .. 0 v en oy s
e T e e L
o T e e
Sodium carbonate Cleaner . ... ...« . ox o
Sodtum: ohroneata o . e A e

Sodium bhydroxide . ...... 0. ns =

Solid lubricants . .. ... R RO s BT el

Solvent-emulsion cleaner .. .. .. .. .

Solvents, safety inuseof .. .u 000 ve.
Special Jubricants , . .00y s va e

BpeciHCREIONA . o e e A e e
Block THMDBBES. & o u o e e steis o e e wia
Storage of lubricants . ... owomon v o=
BLORRIE . L L i boh s Sy o s e
Subetiiute makerdal . . oo ovaa e e sa
Superseded specifications .. ...
Synthetic ofls .. ...... A
Target symbols, lubricant . ...
Torpedo component lubricants . .

TrichloTethane . . oo s o508 95 L B
Triethonalomine . . . v oie i disinm o naisniss
Types ol filbare .. ol TS S E R,
Types ol Hbrleants .« .o e e e e
Universal-joint lubricante . . o o o v o v v 0 s .
Unpainted surfaces, cleaning of ... .00
R TR - 1

Waker A8 COOTAIE &) o v e v a e o e e u, e e
Water-pump lubricant .....c00 000000
Windshield-wiper lubricant . ...........
Winterizing ..... BT g T W S R R Y
Wire-rope lubricant . . . ... P T ey T

N ehe obe G Lo LN CR

B o O
R

o R £ GO
|l el

=N

o ™M paraen

- e =] F-f‘;n;u;h

Cad

—

B i i
B3

o L8 B = 0000 B D O LN LN LA W LN N TN TN

Pt G pet P WD ek B et G DD et S et B et e et

o= o

Page

5-15
5-10
3=-32
3-2
4-5
4-5
5-9

3-21
5-15
3-39
5-9
4-3

n
]
o

o £noen on
® £ & &

3-32

en
do

b3 Lo On
U 1
=

0o

o L0 B3 = 0D 0 B
1 ]

[l o ol -
o

b2

&

- & = = - -
[ [ % PSRN
B3

&

s

B

NN NI UL WU
T R e

&
H

[ e

5-3
5-12
5-3

5-3

2-8

3-31
3-3

3-22
3=-30
3-33
3-40



	Scan001
	Scan002
	Scan003
	Scan004
	Scan005
	Scan006
	Scan007
	Scan008
	Scan009
	Scan010
	Scan011
	Scan012
	Scan013
	Scan014
	Scan015
	Scan016
	Scan017
	Scan018
	Scan019
	Scan020
	Scan021
	Scan022
	Scan023
	Scan024
	Scan025
	Scan026
	Scan027
	Scan028
	Scan029
	Scan030
	Scan031
	Scan032
	Scan033
	Scan034
	Scan035
	Scan036
	Scan037
	Scan038
	Scan039
	Scan040
	Scan041
	Scan042
	Scan043
	Scan044
	Scan045
	Scan046
	Scan047
	Scan048
	Scan049
	Scan050
	Scan051
	Scan052
	Scan053
	Scan054
	Scan055
	Scan056
	Scan057
	Scan058
	Scan059
	Scan060
	Scan061
	Scan062
	Scan063
	Scan064
	Scan065
	Scan066
	Scan067
	Scan068
	Scan069
	Scan070
	Scan071
	Scan072
	Scan073
	Scan074
	Scan075
	Scan076
	Scan077
	Scan078
	Scan079
	Scan080
	Scan081
	Scan082
	Scan083
	Scan084
	Scan085
	Scan086
	Scan087
	Scan088
	Scan089
	Scan090
	Scan091
	Scan092
	Scan093
	Scan094
	Scan095
	Scan096
	Scan097
	Scan098
	Scan099
	Scan100
	Scan101
	Scan102
	Scan103
	Scan104
	Scan105
	Scan106
	Scan107
	Scan108
	Scan109
	Scan110

