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Section |
Background

The US Army is presently using various types of lubricating greases in helicopter
components which includes airframe controls, actuators, servo-mechanisms, coupling
systems, power train systems, and guidance and control hydraulic systems. A wide
variety of lubricating greases tends to create significant problems such as design
limitations for aircraft accessories, lubricant misapplication resulting in premature
component failure, logistical maintenance problems and supplier limitations. In
addition, with rapid advances in aviationtechnology, the operational and system
requirements of military helicopters have imposed demands for increased capabilities
of lubricating greases. To resolve these problems, research and development efforts
were directed to develop a new or improved aviation grease formulation technology.

Most military aviation greases were formulated more than 25 years ago for
specialized purposes and/or for use in extreme field environments. Currently, three
military grease specifications are widely used in these applications. One is MIL-G-
81322, Grease, Aircraft, General Purpose, Wide Temperature (WTR)! and the other
two are MIL-G-23827, Grease, Aircraft and Instrument, Gear and Actuator Screw
(GIA)? and MIL-G-25537, Grease, Aircraft, Helicopter Oscillating Bearing (GOB) 3
Many other non-coupling airframe and bearing applications lubricate with MIL-G-
81322 and MIL-G-25537 greases while the MIL-G-23827 is used in the instrument
bearing applications. However, these greases provide only limited corrosion
protection compared to what is viewed as needed in the field. In coupling application,
Syn-Tech 3913-GI (Textron’s proprietary grease)? is used in various helicopter
driveshaft coupling systems. Two recent accident reports involving driveshaft
coupling failures in UH-1 helicopters raised the possibility that this coupling grease
may have been a possible factor in causing the accidents.5% Clearly, a need exists for
a new multifunctional grease having performance characteristics superior to those of
existing aviation greases.
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Section i
Objective

A desired objective of the program is to develop a new multifunctional helicopter
grease to improve the performance of helicopter components and to reduce the
overall logistical burden. The successful development of a multifunctional aviation
grease will offer several advantages and payoffs to the Department of Defense.

o One multifunctional grease will satisfy most aircraft servicing requirements
for both current and future helicopters.

@ Procurement cost of aviation grease will be reduced through competitive
procurement of a2 multifunctional product conforming to a military
specification. Purchase of proprietary greases at high unit cost will be
eliminated, as well as the many unknowns associated with procuring
proprietary materials.

® Improved corrosion protection of grease-lubricated parts.

® Increased shelf life in storage will result from highly stable thickener systems
and improved antioxidant additives.

@ Improved wear resistance and better high temperature stability will allow for
increased intervals between relubrications and fewer replacements of worn
parts.

® Development and correlation of a new laboratory wear test will eliminate
dependency on a costly contractor-operated simulator rig only available from
Bell Textron. '
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Section lll
Approach

A research plan was subsequently established for the following four phases:
PhaseI Conduct an overall review of military aviation grease system

Phase I Develop the preliminary target requirements for multifunctional
helicopter grease.

Phase ITI Formulate the experimental helicopter greases(s) and complete the
laboratory performance evaluations.

Phase IV Conduct the field performance tests.

In Phase 1, a detailed survey was conducted to review the current military aviation
grease systems. In Phase II, the preliminary target requirements were developed
based on the current and future field need. Experimental greases were formulated
based on what is believed to be achievable with current technology in Phase III. Their
field performances are to be verified in Phase I'V.

Status of Developing a Multifunctional Aviation Grease
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Section IV
Overall Review of Military
Aviation Grease Systems

A detailed survey of Army aircraft lubricant products was completed by extracting
data from the lists of expendable supplies and materials, servicing instructions, and
maintenance manuals for each aircraft,’-15 then creating a database of products. In
the course of surveying the different helicopter manuals, a lack of uniformity was
noted in format of the lubrication diagrams and location of the lubrication.
instructions. At higher echelons of maintenance (field and depot) where disassembly
of components takes place, the manuals list many additional greases to be uszd at
various points. Also, the list of expendable supplies was not cross-referenced to
maintenance procedures. This made it difficult to find out how and where each
lubricant was used. A total of 26 different types of lubricating greases were found in
the nine different types of Army helicopters which are listed as follows:

CODE TYPE

AH-1 Huey-Cobra Attack Helicopter
AH-64A Apache Advanced Attack Helicopter
CH-47 AB,CD Chinook Cargo Transport Helicopter
CH-54 A.B Tarhe Cargo Transport Helicopter
EH-60 Electric Countermeasure Helicopter
OH-6 Cayuse Observation Helicopter
OH-58 A,C.D Kiowa Observation Helicopter

UH-1 C,B,H Iroquois Utility Helicopter

UH-60A Black Hawk Utility Helicopter

Table 1 showed that most routine organizational helicopter serving is accomplished
with MIL-G-81322, MIL-G-23827, MIL-G-25537, MIL-G-434316 and two
proprietary greases, Syn-Tech and Lubriplate 630-AA17. Also, several Moly greases
are currently used in these applications to protect bearings from heavy loads. Syn-
Tech grease is used on the driveshaft coupling application while Lubriplate 630-AA
is used for general application. While some of these greases are for specialized
purposes, many others could likely be replaced by a multifunctional aircraft grease
on a case-by-case basis, and significantly reduce the number of expendable supplies
needed.
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Table 1. Aviation Greases Used in Army Helicopters

GREASE

AH-1

AH-64A | CH-47 | CH-54 | EH-60 | OH-6 | OH-58 | UH-1| UH-60A

MIL-G-81322

X X X X X

x
b
x

MiL-G-23827

X X X X X

MIL-G-603218

MIL-G-25537

MIL-G-1092419

MIL-G-2116420

MIL-G-6032

MIL-G-4343 - -

630-AA

> |5 > o< I |x}x

MO-LITH 221

MIL-G-4688622

MIL-G-8182723

DOD-G-2450824

VV-G-63225

Syn-Tech

VV-G-67126

MIL-G-4600327

FS345228

XIX]IX{§iX

DC3329

Plastilube30

Mobil 2831

MIL-L-1571932

Silicone33
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Syn-Tech coupling grease was originally assigned a Bell part number and became
institutionalized within the DoD maintenance system as a sole-source proprietary
grease for helicopter driveshaft couplings in the AH-1, AH-64A, CH-54, OH-58, and
UH-1 series aircraft. The disadvantages in the continued use of this proprietary
grease are as follows:

single source leads to high production cost as there is no competition,

opportunity for alternate sources of supply for ensuring availability becomes
essentially non-existent,

little control.on.praduct.quality that the government can exercise as the
formulation cannot be monitored or controlled as such,

product may not be taking advantage of the newer technological
opportunities, and

method (s) available for shelf-life testing are vague or non-existent which can
and does lead to premature down-grading or disposal. In addition, two recent
accident reports involving driveshaft coupling failures raised the possibility
that the coupling grease may have been a possible factor in causing the
accidents. Corrosion and fretting wear problems in the helicopter coupling
applications have also been experienced with the use of this grease.
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Section V

Development of Preliminary -
Target Requirements for New
Aviation Greases

The new target requirements of aviation grease was designed to satisfy multipurpose
applications and to replace the current aviation greases such as MIL-G-81322, MIL-
G-25537, and Syn-Tech coupling grease (Textron’s proprietary grease). Most target
requirements were consolidated with the current aviation specifications (MIL-G-
81322, MIL-G-23827, and Bell Specification No. 204-040-810)4 and MIL-G-10924F
specification which was recently developed using a new grease formulation
technology. To upgrade the quality of aviation grease, preliminary target physical and
chemical properties and test methods were defined based on a specific military need
and what is believed to be achievable with advanced grease formulation technology.
These target requirements are listed in Table 2 with the current requirements of
military aviation and automobile grease specifications.

To develop a multifunctional aviation grease specification, the preliminary target
requirements tend to cover a wide operational temperature range (-54°C to 180°C),
excellent water and storage stability, good shear and oxidation stability, excellent
antiwear and load carrying capacity, extreme low dynamic oil separation, elastomer
compatibility, and rust and corrosion protection. In addition, it provides superior
performance to those of existing greases, especially with respect to corrosion
protection property. In fact, the existing aviation greases provide only fresh water
corrosion protection which has less impact in the field. Because of this unrealistic
corrosion protection, some helicopters have experienced severe corrosion and fretting
wear problems in their various mechanic .1 components such as a tail gear box. This
chemical property is one of the important characteristics of military aviation greases
to protect the equipment from corrosion. To resolve the field problems, the corrosion
protection property was upgraded from fresh water to saltwater protection in this
target requirement.

Status of Developing a Multifunctional Aviation Grease 1
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Table 2. Preliminary Target Requirements for New Aviation Grease

TEST METHOD MIL-G-81322D | MIL-G-10924F Syn-Tech Target
Coupling Require-
Grease ment
DROPPING POINT, °C, MIN D2265" 232 220 260 260
WORKED PENETRATION D217 265320 265-295 285-325 270-300
WORK STABILITY, 100,000 0217 350, max -25 0 60 400, max 251060
ROLL STABLLITY, @ 100°C, 4iws | D1831 NRD 251050 NR 25060
EVAPORATION, @ 180 °C, 1hr,% | TGA® Reqd D255 | Reqd D972 |ReqdFed.791351] 6
OIL SEPARATION, @ 180°C;% | FED:91321--- | 10 Reqd D1742 @121°C,25 10
CENTRIFUGE, OIL SEPARATION, | MOD. D4425 NR NR NR 5
2w, 40°C, %
FOUR BALL EP, LW D2596 30 30 NR 40
FOUR BALL WEAR SCAR DIA., mm:| D2264 13 06 NR 06
SRV WEAR ASTMDraft Test | NR NR NR nod
SCARDIA., mm:
FRICTION COEF:
STEP LOAD, N:
COPPER CORROSION, MAX D4048 18 18 NR 18
WATER STABILITY Ammy Req'd D1264 -2510 60 NR 2510 60
SALTWATER CORROSION, MOD. D1743 Req'd Distilled Pass NR Pass
1% NaCl Water
Cornosion Test
LOW TEMPERATURE TORQUE Amy Req'd D1478 7.5 Req'd Pourpoint | 7,5
@ -54°C,Nm
BREAKAWAY, RUNNING:
PDSC®, @ 210 °C, min ASTMDraftTest | NR NR NR 10
DIRT, particles per ml of grease, MAX| FED 791.3005
2574 MICRONS, DIA.: 1000 NR 1500 100
75 MICRONS, DIA. or LARGER: None 500 None
ELASTOMER
COMPATIBILITY, %, MAX D4289 or 10 Report NR 10
FED 791.3603
GREASE LIFE, hr, 160 °C, MiN Das2? Reqd D3336 100 NR 200
GREASE COMPATIBILITY Army NR NR NR Pass
BHT REGENERATIVE TORQUE! BHT NR NR Pass Pass
8 STM method
b Not required
€ Thermogravimetric Analysis

d Not yet determined

® Prossure Ditferential Scanning Calorimeter
! Bal Helicopter Textron Regenerative Torque Test

L ——
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To evaluate the mechanical stability of greases, the worked and roll stability tests
were adopted from the MIL-G-10924F specification. Both tests were measure the
penetration changes in consistency due to the continuous applica*ion of shearing
forces. In these tests, if greases have a mechanical stability problem, they usually
appear normal before being subjected to service but will soften rapidly or harden
upon working. Concurrently, it leads a lubrication failure in mechanical components.
The acceptable limits for these tests were originally developed for MIL-G-10924
specification and give a good correlation with field performance.

The thermal stability of the lubricating greases is currently compressively evaluated
using the results obtained from dropping point and evaporation test. The dropping
point tends to measure the high temperature operability of greases and represents the
type of thickener used in grease. A high dropping grease usually provide a better
thermal stability and a long high temperature bearing life. For this reason, a
minimum dropping point of 260°C was selected based on the field performance and
those of the existing aviation greases. To measure the evaporation loss of this high
dropping point grease, a thermogravimetric analysis (TGA) method34 was selected
instead of the American Society for Testing and Materials (ASTM) D97235 or
D259536 tests which have a limitation of test temperature.

The oxidation stability is another important property of aviation greases and is
intended to predict their storage and service life. The ASTM D942 Test Method,
Oxidation Stability of Lubricating Greases by the Oxygen Bomb Method, has been
widely used to assess storage and service oxidation stability of aviation greases for
several decades. This test method takes a long time and has been criticized because
the results have limited validity in predicting oxidation stability under service
conditions. For these reasons, the Pressure Differential Scanning Calorimeter (PDSC)
method37 was selected for assessing oxidation stability of new aviation greases. This
method is currently being developed to evaluate oxidation stability of the lubricating
greases using the differential heat flow between sample and reference thermocouple
at various temperatures (155°C, 180°C, 210°C) under pressure, 3.5 MPa. In this
procedure, the degree of oxidation stability at a given temperature is determined by
an induction time. The target requirement of this test was determined based on the
existing aviation greases.

In coupling applications, the resistance of a grease to oil separation under centrifugal
forces is one of the more important properties. To measure this property effectively,
ASTM D4425, Oil Separation from Lubricating Grruse by Centrifuging, was adopted
based on its simulation and correlation to the field This method is widely used to
assess the oil separation of commercial coupling grease when subjected to high
centrifugal force. The preliminary requirement for oil bleeding was developed using
Syn-Tech grease, two non-coupling grease, two commercial coupiing greases.

Status of Developing a Multifunctional Aviation Grease
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The Bell Helicopter Textron (BHT) Regenerative Torque test was re-standardized to
evaluate the candidate aviation greases. This wear test machine was originally
developed to evaluate helicopter coupling grease using a simulated Bell helicopter
crown gear driveshaft coupling system. It consists of two test procedures. One is the
drive-shaft misalignment test and the other is the drive shaft coupling endurance test.
Syn-Tech coupling grease used in military helicopters was previously tested
according to the BHT coupling grease specification and is still used today. The
disadvantage of this BHT test is that the test machine is not widely available and the
cost of the test is too high (about $160,000/test). Therefore, data generated from
BHT test will be used to make a correlation with laboratory wear tests such as four
ball wear and extreme pressure test, and SRV Friction and Wear Test.

The SRV Friction and Wear Test was also adopted as a possible replacement for the
current gear and oscillation wear tests as well as the Bell Helicopter Textron (BHT)
Regenerative Torque Test. This SRV machine is designed to evaluate the friction,
wear, and fretting corrosion of lubricants, and should be capable of simulating field
conditions which occur in gear, bearing, and coupling applications. Preliminary tests
conducted on two existing aviation greases and one automotive grease have shown
the SRV tests clearly differentiate between grease formulations and qualitatively
correlate with the BHT Regenerative Torque Test. To verify this finding, a study was
planned to be conducted using additional coupling greases which had been
previously tested in the BHT Regenerative Torque Test.

One of the issues raised was a question as to the compatibility of existing greases and
new aviation greases in existing equipment that are currently lubricated with MIL-G-
81322, Syn-Tech coupling grease, or others. To ensure compatibility of these
products, a compatibility test was added in the preliminary target requirements. This
methaod detects potential incompatibilities in a relatively short time (i.e., within 24
hours) using the modified Roll Stability Test Apparatus and PDSC technique. Pass-
fail criteria are used for evaluating the compatibility of products in this test.

10 Status of Developing a Multifunctional Aviation Grease




Section Vi
Interim Products

Effort on the development of experimental grease was directed toward comparing the
target requirements of new aviation grease to the performance potential of available
materials and additive technology. To minimize a compatibility problem, a

17+ ‘ulation guideline was developed based on lithium complex technology with
advanced additive formulation used in the MIL-G-10924 greases. Initially, a low
viscosity grade of the polyalphaolefin (PAO) oil was selected with primary emphasis
on meeting -54°C low-temperature performance requirement. This basestock is
successfully utilized in both MIL-G-81322 and MIL-G-10924F formulations, and
provides an enhanced operating temperature range and mechanical stability with high
additive concentrations. In addition, it is compatible with mineral oils. Using this
advantage, a small amount of high viscosity mineral oils, which has a lower cost than
PAQ, was intentionally mixed with PAO oil to improve high temperature performance
and wear properties, and reduce the production cost. This approach has the potential
to reduce the current procurement cost of aviation greases.

The additive technology for lubricating grease is extremely complex and require
various types of chemicals to improve its physical and chemical propertics. The
choice of PAO basestock focuses the effort on identifying a suitable additive package
to provide wear preventive properties, oxidation stability, load carrying capacity, seal
compatibility, and saltwater corrosion resistance. One of the obstacles in completing
the formulation was the selection and addition of a suitable corrosion inhibitor which
is compatible with the basestock, other types of additives, and thickener. This
problem should be resolved at each formulation throughout the R&D effort.

To meet the target requirements, the experimental greases were formulated in
cooperation with several grease manufacturers. Initially, two experimental greases
were evaluated according to the testing protocol. Also, a baseline test was conducted
using the MIL-G-81322 grease and Syn-Tech coupling grease. The test results
obtained to date are presented in Table 3. The experimental grease A formulated with
an synthetic organic Molybdenum extreme pressure and anti-wear additive38 met all
requirements except for centrifugal oil bleeding. Especially, the performance of this
grease exceeded those of the existing aviation greases in laboratory wear tests and
high temperature bearing tests that were conducted. Also, it gave a significant
improvement in corrosion protection compared to the existing aviation greases. These
are shown in Figures 1 thru 4. This experimental grease is being reformulated to
reduce its oil bleeding under high centrifugal forces, while retaining its other superior
properties. Table 3 also shows that the experimental grease B provided an excellent

Status of Developing a Multifunctional Aviation Grease
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centrifugal oil bleeding and passed all laboratory tests conducted to date. Both
greases are very promising candidate greases for the new multifunctional aviation
lubricants.

The further development of new interim products and testing have been delayed due
to the lack of funding.

Table 3. Test Results from Experimental and Current Aviation Greases

TEST METHOD Target MIL-G-813220 | Syn-Tech | Experimental | Experimental
Requirement Coupling Grease A Gresse B
Grease
DROFPING POINT, °C, MIN 260 +343 +343 +343 +343
WORKED PENETRATION 270-300 <} 7] 312 270 2n
WORK STABILITY, 100,000 251060 15 ND? 38 5
ROLL STABILITY, @ 100 °C, 4hvs 25060 10 4 11 10
EVAPORATION, @ 180°C, 1hr,% |6 33 58 49 57
OlL SEPARATION, @ 180 °C, % 10 6 42 6.8 7
CENTRIFUGE, OIL SEPARATION, |5 135 20 33 375
2hr,40°C, %
FOUR BALL EP, LW! 40 35 59 852 4
FOUR BALL WEAR SCARDIA,, mm:| 0.6 067 08 033 0.4
SRV WEAR ND
SCARDIA., mm: ND 05 09 0.4
FRICTION COEF: 0.12 02 0.12
STEP LOAD, N: 400 600 1000
COPPER CORF.OSION, MAX 18 1B 3A 1A 1A
WATER STABILITY -251060 ND ND 8 2
SALTWATER CORROSION, Pass Fail Fail Pass Pass
LOW TEMPERATURE TORQUE 7.5 36,172 50.4,13.4 6.24,1.89 54,27
@-54°C.A.m
BREAKAWAY, RUNNING:
PDSCP, @ 210 °C, min 10 356 38 252 12
DIRT, particles per m! of grease, MAX
25-74 MICRONS, DIA.: 1000 500 400 ND ND
75 MICRONS, DIA. or LARGER: None None None
ELASTOMER
COMPATIBILITY, %, MAX 10 6 ND ND ND
GREASE LIFE, hr, 160 °C, MIN 200 200 100 >400 200
GREASE COMPATIBILITY Pass ND ND ND ND
BHT REGENERATIVE TORQUE® Pass ND Pass ND ND
8 STM method
b Not required
€ Thermogravimetric Analysis

12 Status of Developing a Multifunctional Aviation Grease
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Section VIi
Future Plans

This program is currently on hold because of lack of funding support. If funding can
be restored, the following activities are planned:

e Complete development and laboratory testing of candidate greases
e Correlate laboratory wear tests with Textron Regenerative Torque Test

o Finalize target requirements for candidate greases and prepare purchase
description for helicopter tie-down, hover, and flight tests

Status of Developing a Multifunctional Aviation Grease
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Section VIl
Conclusions

On the basis of the work completed to date, a multifunctional aviation grease can be
developed for improving the performance of helicopter components and the reducing
overall logistical burden.

The experimental greases were very close to meeting the primary target requirements
and are promising as the candidate aviation greases. The following progress was
made.

e Evaluated baseline characteristics of proprietary Syn-Tech coupling grease
and MIL-G-81322 wide temperature range aircraft grease to establish
physical/chemical properties and wear load properties of new aviation grease

® Developed draft target requirements and testing protocol for multifunctional
aviation grease focusing on corrosion resistance, oil separation, load-carrying
capacity, compatibility, and oxidation stability

e Formulated two experimental greases using advanced lithium complex
thickener technology and polyalpholefin (PAO) base oil to meet saltwater
corrosion protection and wide operational temperature requirements

o Completed screening tests for the experimental greases using developed
testing protocol

® Conducted SRV Friction and Wear iests to define oscillatory wear and
extreme load properties of experimental and baseline greases as a potential
replacement for the expensive Textron Regenerative Torque Test

® An experimental grease being reformulated to meet centrifugal oil separation
test; close to meeting all other target requirements

® Developed an interim test procedure for ensuring compatibility of products
from different suppliers and other existing aviation greases

18 Status of Developing a Multifunctional Aviation Grease




Section IX
Recommendations

Due to loss of technology base resources, further development and completion of the
multifunctional aviation grease program cannot be accomplished. The Air
Standardization Coordination Committee (ASCC) Working Party 15 on Aviation
Fuels, Lubricants, and Associated Products has however initiated Project 15/910
which is to develop a Multipurpose Tri-Service Aviation Grease. It is envisioned that
this new ASCC project 15/910 will follow the approach taken in the research
described within this status report on the Multifunctional Aviation Grease. Since the
research competed to date will obviously serve as a foundation for the cooperative
efforts to be initiated within the ASCC, this technology being reported will be
transferred to the appropriate ASCC membership.

Status of Developing a Multifunctional Aviation Greoase

19




References

1. Military Specification MIL-G-81322D, Grease, Aircraft, General Purpose, Wide
Temperature Range, 2 August 1982.

2. Military Specification MIL-G-23827B, Grease, Aircraft and Instrument, Gear and
Actuator Screw, 20 June 1983. .

3. Military Specification MIL-G-25537C, Grease, Aircraft, Helicopter Oscillating
Bearing, 29 June 1984,

4. Bell Helicopter Procurement Specification 204-040-810, “Procurement Specification
for Grease, Helicopter, Crown Gear, Driveshaft Coupling, S March 1984.

5. John W. Bush, Failure Analysis of UH-1IN Drive Shaft Coupling, Bell Helicopter,
Wamner Robins AFLC Report No. P/N 212-040-671 and P/N 212-040-688-1, 26
March 1991.

6. John W. Buch, Mishap Investigation, Air Force UH-1N, Wamner Robins AFLC
Report No. HELI-408, 20 February 1991.

7. Technical Manual TM 55-1520-238-23-1, Army AH-64A Helicopter.

8. Technical Manual TM 55-1520-227-23-14, Army Model CH-47B and CH-47C
Helicopters.

9. Technical Manual TM 55-1520-240-23-1, Army Chinook Cargo Transport
Helicopter.

10. Technical Manual TM 55-1520-217-23-1, Army Tarhe Cargo Transport Helicopter
CH-54 A,B.

11. Technical Manual TM §5-1520-237-23, Army Helicopters UH-60A and EH-60A.

12. Technical Manual TM 55-1520-214-23, Army Cayuse Observation Helicopter OH-
6A.

13. Technical Manual TM 55-1520-248-23-6, Army Kiowa Observation Helicopter OH-
58D.

14. Technical Manual TM 55-1520-210-23-1, Army Iroquois Utility Helicopter UH-1.

15. Technical Manual TM §5-1520-221-23-1, Army Model AH-1G and AH-1Q
Helicopter.

16. Military Specification MIL-G-4343C, Grease, Pneumatic System, 28 July 1978.
17. Commercial Grease, Lubriplate 630 AA, General Grease, Normal.

18. Military Specification MIL-G-6032D, Grease, Plug Valve, Gasoline and oil
Resistant, 29 June 1984.

19. Military Specification MIL-G-10924F, Grease, Automotive and Artillery, 17 July
1989.

20 Status of Developing a Multifunctional Aviation Grease




20.

21.
22.
23.

24.

25.
26.
27.
28.
29.
30.
31.
32.

33.
34.
35.
36.

37.

38.

Military Specification MIL-G-21164D, Grease, Molybdenum Disulfide, for Low and
High Temperature, 8 December 1981.

Commercial Grease, Lubriplate MO-Lith No.2, General Grease, Heavy Duty (Moly).

Military Specification MIL-G-46886B, Grease, Silicone, 17 August 1992,

Military Specification MIL-G-81827A, Grease, Aircraft, High Load Capacity, Wide
Temperature Range, 24 January 1983.

Military Specification DOD-G-24508A, Grease, High Temperature Ball and Roller
Bearing, 6 May 1977.

Federal Specification VV-G-632B, Industrial General Purpose, 12 October 1989.
Federal Specification VV-G-671F, Grease, Graphite, 12 October 1989.

Military Specification MIL-G-46003A, Grease, Rifle, 31 December 1976.
Commercial Grease Dow Coming FS-3451-2, Grease, Ball and Roller Bearing.
Commercial Grease Dow Coming Molykote 33, Grease, Aircraft and Instrument.
Commercial Grease Warren Refining Plastilube Moly 3, Grease, General Purpose.
Commercial Grease Mobil 28, Grease, Aircraft.

Military Specification MIL-L-15719A, Lubricating Grease, High -Temperature,
Electric Motor, Ball and Roller Bearings, 21 February 1961.

Commercial Grease Dow Coming 111, Grease, Plug Valve.
Dupont 951 Thermogravimetric Analyzer, PN 951062-000 (undated).
ASTM Method D972-86, Evaporation Loss of Lubricating Greases and Oils,

ASTM Method D2595-70, Evaporation Loss of Lubricating Greases Over Wide-
Temperature Range.

In-Sik Rhee, “Development of a New Oxidation Stability Test Method for Grease
Using a Pressure Differential Scanning Calorimeter (PDSC),” NLGI Spokesman,
July, 1991.

Molyvan A, Organic Molybdenum Extreme Pressure and Antiwear Additive, R.T.
Vanderbilt Company

Status of Developing a Multifunctional Aviation Grease

2]




Distribution for Report #2546

DEPARTMENT OF THE ARMY

HQDA
1 ATTN DALOTSE
1  ATINDALO SM
PENTAGON
WASHINGTON DC 203100103

SARDA
1  ATINSARDTL
PENTAGON
WASHINGTON DC 20310-0103

CDR AMC

ATTN ANCRD S (V FALCHETTA)
ATTN AMCRDE

ATTN AMCRD IN (J SULLIVAN)
ATTN AMCRD IT (P EHLE)

ATTN CEN A (A TALTS

ATTN ANCLG MS (COL BRYANT)
ATTN AMCLG MT (COL SIMS)
ATTN AMCICP 151

5001 EISENHOWER AVE
ALEXANDRIA VA 22333-0001

TARDEC

ATTN AMSTA CMA
ATTN AMSTA CMB
ATTN AMSTA CNE
ATTN AMSTA HBM
ATTN AMSTA N
ATTN AMSTAR
ATTN AMSTA RG
ATTN AMCPM ATP
ATTN AMSTAQ
ATTN AMSTA UE
ATTN AMSTA UG
CDR TACOM
WARREN M1 48397-5000

CDR TACOM

ATTN AMSTA FP

ATTN AMSTA KL

ATTN AMSTA MN

ATTN AMSTA MT

ATTN AMSTA NC

ATTN ANSTA GT

ATTN AMSTA FNG

ATTN AMSTAFR
ATTNUSMCLNO

ATTN AMCPM LAY

ATTN AMCPM M1131/M60
ATTN AMCPM CCE/SMHE
WARREN MI 48397-5000

PROG EXEC OFFICER

ARMORED SYS MODERNIZATION
ATTN SFAE ASH §

ATTN SFAE ASH AB

ATTN SFAE ASH BY

ATTN SFAE ASH CV

ATTN SFAE ASH AG

CDR TACOH

WARREN MI 48397-5000

bt bt bk b b b e B et b — pt pd bt et et P Pt

P I I Ry e

— pad et et Bt ek

PROG EXEC OFFICER

ARMORED SYS MODERNIZATION
ATTN SFAE ASHFR

ATTN SFAF ASH AF

PICATINNY ARSENAL NJ 07806-5000

PROG EXEC OFFICER
COMBAT SUPPORT
ATTN SFAECS TVL
ATTN SFAE CS TVH
ATTN SFAE CS TVH
CDR TACOM

WARREN MI 48397-5000

PROG EXEC OFFICER

ARMAMENTS

ATTN SFAE AR HIP

ATTN SFAE AR TMA

PICATINNY ARSENAL NIJ 07806-5000

PROJ MGR

UNMANNED GROUND VEH

ATTN AMCPM UG

REDSTONE ARSENAL AL 35898-8060

DIR

ARMY RSCH LAB

ATTN AMSRL CP PW

2800 POWDER HILLRD
ADELPLHIA MD 20783-1145

VEHICLE PROPULSION DIR

" ATTN AMSRL VP (MS 77 12)

NASA LEWIS RSCH CTR
21000 BROOKPARX RD
CLEVELAND OH 44135

CDR AMSAA

ATTN AMXSY CM
ATTN AMXSY L
APG MD 21005-5071

CDR ARO

ATTN AMXRO EN (D MANN)
RSCH TRIANGLE PK

NC 27709-2211

DIR

AMC PKG STO CONT CTR
ATTN SDSTOTE S
TOBYHANNA PA 18466-5097

CDR AEC
ATTN SFIM AEC ECC (T ECCLES)
APG MD 21010-5401

CDR ARMY ATCOM

ATTN AMSAT 1 ME (L HEPLER)
ATTN AMSAT ILA (V SALISBURY)
ATTN AMSAT R EP (V EDWARD)
4300 GOODFELLOW BLVD

ST LOUIS MO 63120-1798

CDR AVIA APPL TECH DIR
ATTN AMSAT R TP (H MORROW)
FT EUSTIS VA 23604-5577

Distribution-1




CDR ARMY NRDEC

ATTN SATNC US (J SIEGEL)
ATTN SATNC UE

NATICK MA 01760-5018

CDR ARMY ARDEC

ATTN SMCAR CC

ATTN SMCARESCS

PICATINNY ARSENAL NJ 07808-5000

CDR ARMY CRDEC
ATTN SMCCR RS
APG MD 21010-5423

CDR ARMY DESCOM

ATTN AMSDS MNi

ATTN AMSDS EN
CHANBERSBURG PA 17201-41" )

CDR ARMY AHCCON
ATTN AMSNC MA
ROCK ISLAND IL 61299-6000

CDR ARMY WATERVLIET ARSN
ATTN SARWY RDD
WATERVLIET NY 12 189

DIR AHC LOG SPT ACT
ATTN AMXLS LA
REDSTONE ARSENAL AL 35890-7466

CDR APC

ATTN SATPCQ

ATIN SATPCQE (BLDG 853)
NEW CUMBERLAND PA 17070-50C5

PETROL TEST FAC WEST
BLDG 247 TRACEY LOC
DDRW

P O BOX 96001
STOCKTON CA 95296-0960

CDR ARMY LEA
ATTN LOEA PL
NEW CUMBERLAND PA 17070-5007

CDR ARMY TECOM
ATTN AMSTETAR
ATTN AMSTETCD
ATTN AMSTE EQ

APG MD 21005-5006

PROJ MGR PETROL WATER LOG
ATTN AMCPM PWL

4300 GOODFELLOW BLVD

ST LOUIS MO 63120-1798

PROJ MGM MOBILE ELEC PWR
ATTN AMCPM MEP

7798 CISSNA RD STE 200
SPRINGFIELD VA 22150-3199

CDR

ARMY COLD REGION TEST CTR
ATTN STECR TN

ATTN STECR LG

APO AP 96508-7850

CDR

ARMY BIOMED RSCH DEV LAB
ATTN SGRD UBZA

FT DETRICK MD 21702-5010

—

CDR FORSCOM
ATTN AFLG TRS
FT MCPHERSON GA 30330-6000

CDR TRADOC 1
ATTN ATCD SL 5 !
INGALLS RD BLDG 163 i
FT MONROE VA 23651-5194

CDR ARMY ARMOR CTR

ATTN ATSBCD NL

ATINATSBTSM T

FT KNOX KY 40121-5000 '

CDR ARMY OH SCHOOL

ATTN ATSHCD

ATTN ATSHPWD ¢
FT LEE VA 23001-5000

CDR

ARMY COMBINED ARMS SPT CMD
ATTN ATCL CD

ATTN ATCL MS

FT LEE VA 23801-6000

CDR ARMY FIELD ARTY SCH
ATTN ATSFCD
FT SILL OK 73503

CDR ARMY TRANS SCHOOL
ATTN ATSPCD MS
FT EUSTIS VA 23604-5000

CDR ARMY INF SCHOOL
ATTN ATSHCD

ATTN ATSH AT

FT BENNING GA 319035-5000

CDR ARMY AVIA CTR
ATTN ATZQDOL M
ATIN ATZQDI

FT RUCKER AL 36362-5115

CDR ARMY CACDA
ATIN ATZL.CD
FT LEAVENWORTH KA 6027-5300

CDR ARMY ENGR SCHOOL
ATTIN ATSECD
FT LEONARD WOOD MO 65473-5000

CDR ARMY ORDN CTR
ATTN ATSLCDCS
APG MD 21005

CDR ARMY SAFETY CTR
ATTN CSSCPNG

ATTN CSSC SPS

FT RUCKER AL 36362-5363

CDR ARMY CSTA

ATTN STECSEN .
ATTN STECS LI

ATTN STECS AE

ATTN STECS AA

APG MD 21005-5059

CDR ARMY YPG
ATTN STEYPHT TL N
YUMA AZ 85365-9130

Distribution-2




CDR ARMY CERL

1 ATTNCECEREN
P O BOX 9005
CHAMPAIGN IL 61826-9005

1 DR
AMC FAST PROGRAM
10101 GRIDLEY RD STE 104
FT BELYOIR VA 22060-5818

CDR I CORPS AND FT LEWIS
1 ATTN AFZH CSS
FT LEWIS WA 98433-5000

CDR
RED RIVER ARMY DEPOT

1 ATTNSDSRRM

1 ATTNSDSRRQ
TEXARKANA TX 75501-5000

PS MAGAZINE DIV
1 ATTN AMXLSPS
DIR LOGSA
REDSTONE ARSENAL Al 35898-7466

CDR 6THID (L)
1 ATINAPURLGN
1060 GAFFNEY RD
FT WAINWRIGHT AK 99703

DEPARTMENT OF THE NAVY

OFC OF NAVAL RSCH

1  ATTNONR 464
800 N QUINCY ST
ARLINGTON VA 22217-5660

CDR
NAVAL SEA SYSTEMS CMD
1  ATTN SEA 03M3
2531 JEFFERSON DAVIS HWY
ARLINGTON VA 22242-5160

CDR
NAVAL SURFACE WARFARE CTR
1 ATTNCODE 63
1  ATTNCODE 632
1 ATTNCODE 859
3A LEGGETT CIRCLE
ANNAPOLIS MD 21401-5067

CDR
NAVAL RSCH LABORATORY

1 ATTN CODE 6176 (R MOWERY)
4555 OVERLOOK AVE SW
WASHINGTON DC 20361-5140

CDR

NAVAL RSCH LABORATORY
1 ATTNCODE 6181

WASHINGTON DC 20375-5342

CDR

NAVAL AIR WARFARE CTR
1 ATTN CODE PE33 AID

POBOX 7176

TRENTON NJ 08628-0176

CDR

NAVAL PETROLEUM OFFICE
CAMERON STA T 40

5010 DUKE STREET
ALEXANDRIA VA 22304-6180

OFC ASST SEC NAVY (I&E)
CRYSTAL PLAZA §

2211 JEFFERSON DAVIS HWY
ARLINGTON VA 22244-5110

CDR

NAVAL AIR SYSTEMS CMD
ATTN AIR 53623C

1421 JEFFERSON DAVIS HWY
ARLINGTON VA 22243-5360

DEPARTMENT OF THE NAVY/US MARINE CORPS

HQ USMC
ATTNLPP
WASHINGTON DC 20380-0001

PROG NCR COMBAT SER SPT
MARINE CORPS SYS CMD
2033 BARNETT AVE STE 315
QUANTICO VA 22124-5080

PROG MGR GROUND WEAPONS
MARINE CORPS SYS CMD

2033 BARNETT AVE

QUANTICO VA 22134-5080

PROC NCR ENGR SYS
MARINE CORPS SYS CMD
2033 BARNETT AVE
QUANTICO VA 22134-5080

CDR

MARINE CORPS SYS CMD
ATTN SSE

2033 BARNETT AVE STE 315
QUANTICO VA 22134-5010

CDR

BLOUNT ISLAND CMD

ATTN CODE 922/1

5880 CHANNEL VIEW BLVD
JACKSONVILLE FL 32226-3404

CDR

MARINE CORPS LOGISTICS BA
ATTN CODE 837

814 RADFORD BLVD

ALBANY GA 31704-1128

CDR

2ND MARINE DIV

PSC BOX 20090

CAMP LEJEUNNE NC 28542-0090

CDR
1ST MARINE DIV
CAMP PENDLETON CA 92055-5702

CDR

FNFPAC G4

BOX 64118

CAMP HM SMITH HI 96861-4118

Distribution-3




DEPARTMENT OF AIR FORCE

HQ USAF/LGSSF

1 ATTN FUELS POLICY
1030 AIR FORCE PENTAGON
WASHINGTON DC 20330-1030

HQ USAF/LGTV

1  ATTN VEH EQUIPFACILITY
1030 AIR FORCE PENTAGON
WASHINGTON DC 20330-1030

AIR FORCE WRIGHT LAB
1 ATTIN WL/POS
1 ATTN WL/POSF
1 ATTN WLPOSL
1790 LOOPRD N
WRIGHT PATTERSON AFB OH 45433-7103

AIR FORCE WRIGHT LAB
1 ATTN WLHLBT
2941 PSTSTE 1
WRIGHT PATTERSON AFB OH 45433-7750

AIR FORCE WRIGHT LAB
1 ATTN WLNLSE (S REED)
2179 12TH ST
WRIGHT PATTERSON AFB OH 45433-7718

1 AIR FORCE HEEP MGMT OFC
615 SHSQ/LGTY MEEP
201 BISCAYNE DR STE 2
ENGLIN AFB FL 32542-5303

1 5A ALC/SFT
1014 ANDREWS RD STE 1
KELLY AFB TX 78241-5603

1  WRALC/LVRS
225 OCNULGEE CT
ROBINS AFB GA 31098-1647

DEPARTMENT OF DEFENSE

ODuUsSD
1 ATTN (L) MRM
PETROLEUM STAFF ANALYST
PENTAGON
WASHINGTON DC 20301-8000

OoDuUsD
1 ATIN(ES)CI
400 ARMY NAVY DR
STE 206
ARLINGTON VA 22202

HQ USEUCOM

1 ATINECIULU
UNIT 30400 BOX 1000
APO AE 09128-4209

US CINCPAC
1 ATTN J422 BOX 64020
CAMP H M SMITH HI 96861-4020

1 JOAPTSC
BLDG 780
NAVAL AIR STA
PENSACOLA FL. 32508-5300

12

DIRDLA

ATTN DLA NNDI

ATTN DLA MNSB

CAMERON STA
ALEXANDRIA VA 22304-6100

CDR

DEFENSE FUEL SUPPLY CTR
», TN DFSCQBLDG 8
ATTN DFSC SBLDG 8
CAMERON STA
ALEXANDRIA VA 22304-6160

CDR

DEFENSE GEN SUPPLY CTR
ATTN DGSC SSA

ATTN DGSC STA

8000 JEFFERSON DAVIS HWY
RICHMOND VA 23297-5678

DIR ADV RSCH PROJ AGENCY
ATTN ARPA/ASTO

3701 N FAIRFAX DR
ARLINGTON VA 22203-1714

DEFENSE TECH INFO CTR
CAMERON STATION
ALEXANDRIA, VA 22314

BELVOIR RD&E CENTER

Circulate

1

—o—aN—BN

ASSOC TECH DIR (E&A), SATBE-ZTE
ASSOC TECH DIR (R&D), SATBE-ZTR
ADMIN OFFICER, SATBE-ZA

DIR., LOGISTICS EQUIPMENT, SATBE-F
SATBE-FL

TECH REPORT OFFICE, ASQT-FBR-S
TECH LIBRARY, SATBE-BT

PUBLIC AFFAIRS OFFICE, SATBE-1
OFC OF CHIEF COUNSEL, SATBE-L

Distribution-4




