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Fairborn, Ohio
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Hope Hotel and Conference Center
Fairborn, Ohio

20 — 22 June 2006
AGENDA

Tuesday, 20 June 2006
0700 - 0800 Registration

0800 Session | Hydraulics, Ed Snyder Chair

0800 — 0815 Welcome and Introductory Remarks - Mr. Robert Rapson, Materials and
Manufacturing Directorate, Air Force Research Laboratory

0815 — 0830 Overview, Ed Snyder, AFRL

0830 — 0900 Air Force Lubricant Specifications and Conversions, Lois Gschwender,
AFRL

0900 — 0915 Air Force Petroleum Office, Mel Regoli and Glenna Dulsky

0915 — 0930 Joint Service Hydraulics Manual, Megan Goold, NAVAIR

0930 — 1000 Elimination of Barium Containing Fluids in DoD Aircraft Systems, Lois
Gschwender, AFRL

1000 — 1015 Break

1015 — 1045 US Army Hydraulic Contamination Control Program, Ken Wegrzyn, presented by
Matthew Boenker, Avion, Army Aviation Command

1045 — 1115 Air Force Hydraulics Activity at Tinker AFB, Mel Louthan

1115 - 1200 Hydraulic Pump Health Monitoring, Shashi Sharma, AFRL/MLBT; and Bruce Pilvelait,
Creare

1200 — 1315 Lunch
1315 Session Il Hydraulic Fluid Contamination, Shashi Sharma, Chair

1315 - 1350 Overview, Al Herman, ASC Aging Aircraft Systems Squadron

1350 — 1405 Hydraulic Test Stand Modification at Eglin, Eddie Preston, Warner Robins
ALC

1405 — 1420 Hydraulic Fluid Purification Decision Brief, Eddie Preston, Warner Robins
ALC

1420 — 1440 Environmental Aspects of Hydraulic Fluid Purification (HFP), Don Streeter,
ASC Pollution Prevention Branch

1440 — 1515 Analytical Data on Aircraft and Mule Hydraulic Fluid Samples, George
Fultz, University of Dayton Research Institute

1515 — 1530 Break



1530 — 1600 Used Hydraulic Fluid Purification (UHFP), Capt John Yerger, AMC Battle
Lab

1600 — 1615 Purifier Briefing, Gary Rosenberg, Pall Corporation

1615 — 1630 Purifier Briefing, Dave Sweetland, Malabar Corporation

1630 Adjourn

Wednesday, 21 June 2006
0730 - 0800 Registration

0800 Session lll Hydraulic Fluid Purification, Lois Gschwender, Session Chair

0800 — 0820 HFP Requirements, Al Herman, ASC Aging Aircraft Systems Squadron
0820 — 0930 Service Evaluation Program, Kevin Hibbs, Randy Barnett

0930 — 0945 Break

0945 — 1005 Canadian Air Force Hydraulic Fluid Purification, Ghislain Boivin, Canadian
Ministry of Defense

1005 — 1020 In-Line Hydraulic Fluid Contamination Multi-Sensor, Kenneth Heater,
METSS Corporation

1020 — 1030 Air Sensor Program, Ed Snyder, AFRL

1030 — 1050 Cleaning Efficiency Study of Malabar and Pall Portable Fluid Purifiers, Ed
Snyder, AFRL

1050 — 1115 F-15 Hydraulic System Fluid Contamination Prevention, Hugh Darsey, WR-
ALC 330 FSG/LFEF, This presentation was not cleared for public release. It will not be included on the workshop CD.

1115 — 1145 HFP Implementation, Al Herman, ASC Aging Aircraft Systems Squadron

1145 - 1300 Lunch

1300 Session IV-A, AMC Hydraulic Maintenance Issues, MSgt Kurt Hinxman
Chair
No Detailed Agenda

1300 Session IV-B, Engine Oils,Ed Snyder, Chair

1300 — 1345 Enhanced 5 cSt Oil Development for High Performance Gas Turbines,
Lewis Rosado, Lynne Nelson and Nelson Forster, AFRL

1345 — 1430 Advanced Helicopter Transmission Lubricant, Eric
Hille, NAVAIR

1430 — 1500 Engine Oil Requirements for Future Engines, Curtis Genay, Pratt &
Whitney



1500 — 1515 Break

1515 — 1530 Small Business Innovation Research Program, Gas Turbine Engine Qil
Additives for Advanced Bearing Steel, Lois Gschwender, AFRL

1530 — 1550 New and Innovative Gas turbine Engine Oil Additive Technology, Rich
Sapienza/Bill Ricks, METSS

1550 — 1615 SBIR Phase Il Additives for Corrosion Resistant Steels, Vern Wedeven,
Wedeven Associates

1615 — 1645 Discussion

1645 Adjourn



Thursday, 22 June 2006

0730 — 0800 Registration
0800 Session V Greases/Solvents, Lois Gschwender, Chair

0800 — 0840 Development and Evaluation of Multi-Purpose, Moisture-Resistant, High
Load Carrying Polyalphaolefin Based Grease, MIL-PRF-32014, Lois
Gschwender

0840 — 0925 Navy Testing of MIL-PRF-32014, Chris Medic, NAVAIR

0925 — 0945 Screening Test Results for Low Cost Alternatives for the F100 Nozzle
Actuator Grease, Angela Campo, AFRL

0945 — 1015 High Temperature Lubricant Phase Il Status Report, Rich Sapienza and
Bill Ricks, METSS

1015 - 1030 Break

1030 — 1050 The Future of Solvent Usage in the Air Force, Angela Campo, AFRL

1050 — 1130 PAO Coolant MIL-PRF-87252 Past and Current Activities, Lois
Gschwender, AFRL

1130 Adjourn



Military Aircraft Hydraulic
Fluids and Lubricants
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\ /4 Military Aircraft Hydraulic Fluids §
\@// and Lubricants Workshop

e Purpose of Workshop

— To bring together
» Researchers
* Fluid and hardware manufacturers
« Users

— To provide an update on high interest topics
— To provide a forum for discussion

Distribution Statement A: Approved for public release distribution is unlimited. 2
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\ # Military Aircraft Hydraulic Fluids £
Eg/ and Lubricants Workshop %~

» Challenge

— New Aircraft More Demanding on System Materials
— Aging Aircraft

* More demanding missions

» Modifications putting additional stress on systems

« Changes in manufacturing processes for components
— Fewer Military Specifications

* Dilution of existing military specifications

» Fluids and lubricants considered flight critical components - will be
maintained as MIL-Specs

— Diminishing Fluids and Lubricants Tech Base in Companies due
to downsizing and mergers

Distribution Statement A: Approved for public release distribution is unlimited. 3
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— Provide technology options to senior leadership
— Develop technology for weapon systems

— Spur innovation and rapidly provide solutions to
current problems

Distribution Statement A: Approved for public release distribution is unlimited. 4
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Where the Materials and
Manufacturing (ML) Directorate Fits

AF Major Commands

* Air Combat Command
* AF Space Command

* AF Special Ops Command
AF Materiel Command

* Alr Mobility Command 'fm AF Research Laboratory

« Pacific Air Forces
* USAF in Europe

* Product Centers .
» Test Centers .
* Logistics Centers .
+ Specialty Centers .

AF Office of Scientific Research
Air Vehicles

Directed Energy

Human Effectiveness
Information

Materials & Manufacturing Materials &
Dy, - kg Manufacturing

Propulsion

Sensors Directorate

Space Vehicles Nonmetallic Materials
Metals, Ceramics & NDE
Manufacturing Technology
Integration & Operations

Survivability & Sensors
Materials

Systems Support
Air Base Technologies




MISSION

Plan and execute the USAF program
for materials and manufacturing in the

areas of basic research, exploratory

development, advanced development
and industrial preparedness. Provide

responsive support to Air Force
product centers, logistics centers, and
operating commands to solve system
and deployment related problems and '3
to transfer expertise > _ g

e — . S /A
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manufacturing leadership for the |
Air Force and the nation :

bistribution Statement A: Approved for public release distribution is unlimited. (AFRL-WS 06-1402)
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\# Vision/Governing Philosophy &
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* Provide leadership for research, development and
support for aerospace materials and manufacturing
processes, and airbase and environmental technology

- Be the best for selected technical areas
-- A first class in-house program
-- First class experts/consultants

- Be “One Phone Call Away” from the best in other

technical areas
-- A broad based contractual program
-- Active in the technical communities

 Exceed customer’s expectations

Distribution Statement A: Approved for public release distribution is unlimited.
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Resources to Accomplish
the ML Mission

Revenue - $378M /year
People - 1150 Gov’t & Ctr
15/35 buildings
(owned/occupied)
385,000 net square feet
215 Lab modules
Designed specifically for
aerospace materials,
processes and airbase
technologies R&D

LOCATIONS:

* Wright-Patterson AFB
* Tyndall AFB e
* Program Offices in GA, OK, UT \ﬁ,ﬁ)ALL

 Collocates at TDs, SPOs, Centers

As of Apr" 2006 Distribution Statement A: Approved for public release distribution is unlimited. 8
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Materials Compatibility/Coatings Research Facility
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World Unique Capabilities in One Place

Distribution Statement A: Approved for public release distribution is unlimited. 9
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@\ / Materials / Processes to Enable
R Air Force Capability

Faster, farther, more survivable, more sustainable, more affordable......

S & T KNnowLEDGE TRANSITIONABLE TECHNOLOGY SOLUTIONS FOR
PRODUCTS URGENT NEEDS

Advanced
Inspection Tools
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All Enabled By Enduring Materials/Processes Competencies
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Foundations of Our S&T Base
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\@// Tribology and Coatings

* Advanced Fluids and Lubes Materials and
Processes

* Fluids and Lubes Health Monitoring

* Solid Lubricants and Wear Resistant
Materials and Processes

* MEMS and Nano Contact Lubrication

* Health Monitoring of Aircraft Components

* Space Protective Coatings

* Space Lubricant Technology

* Optical Characterization of Materials

* Multispectral Coatings for Signature Control

* High Performance Multifunctional Aircraft
Coatings
H‘L‘. * Corrosion Control and Pretreatment

= RECENT TECH HIGHLIGHTS:

Rapid process gap/fastener filler transitionedto ¢ POSS polyimide coating formulated for space
F-35 tethers

* Environmentally safe corrosion preventative * Multi-environment, wear resistant coating
primer transitioned to F-15 fleet under evaluation for JSF and launch vehicle

* Hydraulic fluid purification on flightline ground applications
cart

Distribution Statement A: Approved for public release distribution is unlimited. 12
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A 2Mili 1211 1 1 -
VMllltary AVIat_lon Hydraulic Fluids O
3 and Lubricants Workshop

« MLBT Fluids and Lubricants Group Mission:
— Research, development, and transition of new base fluids and
additives to meet changing Air Force requirements

— Provide quick reaction field support for fluids and lubricant and
lubrication related problems
— Maintain and Support
 Fluids and lubricant military specifications
* Non-government standards
* MIL-handbook
« TOs

Distribution Statement A: Approved for public release distribution is unlimited. 13
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\//Mllltary Aviation Hydraulic FIu:ds
w/ and Lubricants Workshop %~

People
« MLBT Fluids and Lubricants Group

— Interdisciplinary team of mechanical and materials engineers

— Long heritage in fluids and lubricants research, development and
technology transition

— Extensive experience in fluids and lubricants chemistry and
performance

» Developed large number of fluids and lubricants and transitioned
them into DoD systems

« Significant background in working fluid and lubricant related field
problems

Distribution Statement A: Approved for public release distribution is unlimited. 14
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and Lubricants Workshop

\ v yMilitary Aviation Hydraulic FIu:ds

Capabilities

 MLBT Fluids and Lubricants Group Has Outstanding
Analytical and Test Facilities

Unique Hydraulic Pump Test Facility

Unique Grazing Angle Infrared Microscope

High Speed Bearing Tester

Lubricity Test Equipment

Extreme Temperature Rheological Property Capability

In-House Fluid and Component Analysis Capability - e.g., XPS,

ICP, SEM, XRD, TEM

Distribution Statement A: Approved for public release distribution is unlimited.

20
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Distribution Statement A: Approved for public release distribution is unlimited. 16
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\gMilitary Aviation Hydraulic Fluids §=
\./ and Lubricants Workshop -

Interactions
« MLBT Fluids and Lubricants Group Participates in Non-Government
Standards Organizations and International Standardization Activities
— American Society for Testing and Materials (ASTM)

— Society of Automotive Engineers Aerospace Fluid Power and Control
Technologies Committee (SAE A-6)

— Society of Tribologists and Lubrication Engineers (STLE)
— International Standards Organization (1ISO)
— North Atlantic Treaty Organization (NATO)
— Air and Space Interoperability Council (ASIC)
« MLBT Fluids and Lubricants Group Works Collaboratively with Other
Government Agencies
— Army, Navy, NASA, DLA, FAA, International
« and Industry

— Prime contractors, component designers and suppliers, and fluid
suppliers

Distribution Statement A: Approved for public release distribution is unlimited. 17
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VMllltary Aviation Hydraulic Fluids T

¥ and Lubricants Workshop
National International
Air Force NATO
Army ASIC
Navy DEA
DLA SAE-E-34
NASA STLE
EPA SAE A-6

. FAA

“

. ASTM

Euro-Fighter

Aircraft and (Daimler-Chrysler)

Component Mfrs German MOD
OEMs UK MOD
Suppliers Canada MOD

. Suppliers
v 18

Distribution Statement A: Approved for public release distribution is unlimited.
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./ Military Aircraft Hydraulic Fluids §=%
and Lubricants Workshop =%~

Value of the Workshop

» Provides opportunity for improved communication between
AFRL/MLBT, the warfighter, program offices, other government
agencies and industry

* Provides status of newer technology and an opportunity for
feedback

* Provides opportunity to learn of new requirements, issues that would
help the warfighter

* Provides opportunity to establish new and enhance existing
relationships

* Provides awareness of skills and capabilities available at MLBT to
provide support for field problems in fluid and lubricant technology

MLBT is DoD’s One Stop Shop for Fluid and Lubricant Research,
Development, Transition and Field Support

Use Good Science to Solve Field Problems

Distribution Statement A: Approved for public release distribution is unlimited. 19
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R Scientific Achievement

\

—

Carl “Ed” Snyder

Leadership: Established ML as Fluids & Lubricants Center
of Excellence
— Fellow of Society of Tribologists and Lubrication Engineers
— Chair of SAE Fluids Panel for Aerospace Power and Control Tech.

— Provides US position related to F&L to NATO, allies, and the Air
and Space Interoperability Committee

Communication and Reporting
— 15 patents; 150 publications; presentations at international venues
— SAE LLoyd L. Winthrop Distinguished Speaker Award
Technical Problem Solving
— High Temp fluids and lubes; ultra-low volatility lubes for space
— Fire resistant hydraulic fluids; stuck servo-valves; radar coolant
— Grease for F-107 engine bearing; stuck servovalves in UH-1 helicopters
Air Force Impact
— His F&Ls are used in 98% of AF a/c and 100% of USA and USN a/c
— His dielectric coolant for radar systems is used in 99% of AF and 100% of USN a/c
— Reduced fire damage (~$45M/yr savings); longer overhaul intervals

2006 AFRL Fellow

Distribution Statement A: Approved for public release distribution is unlimited. 20
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MATERIALS € MANUFACTURING DIRECTORATE
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Air Force Research Laboratory
Materials and Manufacturing Directorate

Wright-Patterson Air Force Base, Ohio

27



ML Fluids and Lubricants Team

. One Stop Shopping for Fluids and Lubricants in Air Force
* Research
* Development
 Prepare and Maintain Specifications
* Qualify Products to Specifications
» Maintain Qualified Products Lists
* Transition New Materials to the Field

* Solve Field Problems

28



ML Fluids and Lubricants Team

 Areas of Responsibility
* Hydraulic Fluids
e Purification
* Greases .
Aircraft and Spacecraft
* Liquid Lubricants

e Coolants

e Solvents

29



';"51: r ML Fluids and Lubricants Team

Personnel
* Ed Snyder - Team Leader
 Lois Gschwender - Senior Research Materials Engineer
» Angela Campo — Chemist
 Shashi Sharma - Mechanical Engineer (1/2 Time)
5 On-Site Contractor Personnel
* 3 Professionals
» 2 Technicians

» External Contract With Phoenix Chemical Laboratory

30



Fire Resistant Hydraulic Fluids

* MIL-PRF-83282
e MIL-PRF-87257

GUNFIRE IGNITION RESISTANCE

.50 CAL. ARMOR PIERCING INCENDIARY AMMUNITION)

MIL-H-5606 MIL-H-87257

ab St

Fire

" : v », S
~ : &
P 7. sy -

B-52 Hydraulic
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ML Fluids and Lubricants Team

Hydrolytically Stable Coolant

Coolanol 25R (MIL-PRF-47220)  MIL-PRF-87252 (PAO)

32



Nearly Universal Grease

Corrosion Rate Evaluation Procedure Coupons,

300M steel, distilled water, 45 min

MIL-PRF- 32014 MIL-PRF-81322 Braycote 807RP

MIL-PRF-81322 MIL-PRF-32014

33



4. 4 ML Fluids and Lubricants Team

-
- _.'!‘Lp.e-’:_’___

e New Fluids and Lubes Development
* Field Problem Solving

— Stuck Servovalves
— Prematurely Clogged Filters
— Engine Oil Foaming
— Hydraulic Fluid Contamination
* Fluid and Lubricant Specifications & QPLs
— Hydraulic Fluids
— Greases
— Liquid Lubricants

34
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Air Force Lubricant
Specifications & Conversions

L.ois Gschwender
AFRL/MLBT
June 20 2006
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Spec1ﬁcat10ns (AFRL/MLBT)

* Hydraulic Fluid*

— MIL-PRF-27601 (h1 temp PAO) One company
qualified - EHA fluid?

— MIL-PRF-87257 (PAO)
— MIL-PRF-5606 (mineral o1l)

 *Qualified Products List on these

 Available through ASSIST
* http://assist.daps.dla.mil.quicksearch

oy F’
%
e
b ) r
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g pecifications ( AFRL/MLBT)

* Coolant*

— MIL-PRF-87252 (PAO, dielectric)
* Lubricating Oils*

— MIL-PRF-6085 (instrument)

— MIL-PRF-6086 (gear)

— MIL-PRF-7870 (general purpose)

e Fastener Lubricant
— MIL-L-87132 (cetyl alcohol)

e Thread compound
— MIL-PRF-83483 (antiseize, MoS,)

* Qualified Products List on these

37



A
Specifications (AFRL/MLBT)

e (rease
— MIL-PRF-27617* (perfluoropolyalkylether)
— MIL-PRF-32014* (PAO, Li soap)

— MIL-PRF-83261 (fluorosilicone, extreme
pressure, antiwear)

8"
5y P i

— MIL-PRF-83363 (extreme pressure antiwear
helicopter transmission)

* Qualified Products List on these

38



r' A1r Force Hydraulic Fluid \J
Specifications

 MIL-PRF-5606H mineral o1l hydraulic fluid — extensive
revisions but no change in basic materials or properties —
should be “invisible” to aircraft
— Dated 7 June 2002

— Remains inactive for new design
* Lots of re-qualification activity on MIL-PRF-5606 due to
base stock supplier and quality changes

— Base fluid properties problematic
* Density
» Seal Swell

39



.~;; ” r | A1r Force Hydraulic Fluid \'.z’/
Specifications i

* MIL-PRF-5606 extensive revisions including

« Barium limit 10 ppm max, ASTM D 5185
» Up to 3% antiwear additive allowed
* Many test method changes (no effect on properties)

— Solvents, etc.

— Interchangeability with other fluids statement

— Notes section 6 more extensive

40



r' A1r Force Hydraulic Fluid \/
Specifications
« MIL-PRF-5606 extensive revisions

— Amendment 2
 Lists MIL-PRF-87257 and MIL-PRF-83282 for new design
* Adds rubber swell to list of conformance tests

— Amendment 3 — in tri-service coordination
e Sampling plan eliminated (belongs in contracts, not spec)

 Contamination
— Delete filtration times

— Go to polypropylene filters for gravimetric analysis — better
repeatability

41



:. A 2
A1r Force Hydraulic Flll,ld\ J
4 Specifications

 MIL-PRF-87257 extensive revisions in April 2004
but no change in basic materials or properties —
should be “invisible” to aircraft

— New requirements
* Bulk modulus per ASTM D6793
« Barium limit 10 ppm max

» Biodegradability limit of Class [ max
— Format changes

» Consolidated requirements and tables into comprehensive table
I and revised table II

» Hyperlinks in electronic version goes directly to footnotes in
tables

42



A1r Force Hydraulic Flll,ld\ J
Specifications o

« MIL-PRF-87257 extensive revisions

— Changed requirements

* Lowered flash point to 160°C due to use of
automatic equipment that has a lower data bias

» Added referee particle count method

« Raised thermal stability test to 200°C and allowed
use of test tube to conduct test

* Changed temperature range in scope from “-54°C to
135°C” to “-54°C to 200°C” to allow use in EHAs
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F" A1r Force Hydraulic Fluid \/
e Specifications
« MIL-PRF-87257 extensive revisions

— Changed filter material in gravimetric
procedure to polypropylene and added two
stacked filter method — better repeatability

— Changed limit in gravimetric particulate test to
1.0 mg/100 ml fluid max

— Require only 1 gallon of final formulation —
additives on request only

— Current fluids grandfathered
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 MIL-PRF-27617 — perfluoropolyalkylether
based greases
— Type I, —=65-300°F
— Type 11, -40 to 400°F
— Type 111, -30 to 400°F
— Type IV, —100 to 400°F
— Type V, -100 to 450°F (none currently qualified)
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ir Force Grease Specification

« MIL-PRF-27617 is expensive ~$200 to $1000/1b

e Has some wear and corrosion issues

* Should only be used where hydrocarbon based
greases are unacceptable

— LOX & GOX

— Extreme temperature

* Specification 1n pretty good shape, not high priority
for revision
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& Air Force Grease Specification =&

« MIL-PRF-32014 Multipurpose, Nearly Universal
Grease

— Currently working on extensive spec revisions

— This grease currently in Cruise Missile F-107 engine,
C-5 and C/KC-135 landing gear and C/KC-135 wheel
bearings

— Navy flight testing since Feb 2006

» Nose wheel bearing
¢ Rotodome

— Nye Lubricants, Rheolube 374A and Air BP,
Braycote 3214 qualified products on QPL
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Air Force Coolant Specification

« MIL-PRF-87252 coolant, Amendment 1
Dec. 04

— Changed to -54°C to 200°C temperature range
due to advanced system predictions

 All qualified products tested and passed 200°C, 100
hour thermal stability test
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Quahﬁed Product Lists

— QPL-5606-31, 17 January 2003

— QPL-6085-15, 6 January 2003

— QPL-6086-13, 10 February 2003

— QPL-32014-2, Amendment 1, 1 August 2003

— QPL-27617-8 (perfluoropolyalkylether grease), 26 May
2004

— QPL-87252, 6 January 2005
— QPL-87257, 12 February 1996

* Products requested to be re-qualified every 5 years
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Air Force Specifications

* Any 1ssues or concerns with military

specifications we control, please contact
AFRL/MLBT
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Recent Conversions...

 MIL-PRF-87257 approved for use in B-52

aircraft

— T.O.s and job guides changed
* Flying on MIL-PRF-5606/MIL-PRF-87257 mixtures

— Landing gear struts using MIL-PRF-5606

« Recently changed from O-ring to T-ring seal design —
tested at Hill AFB

 MIL-PRF-87257service testing on one aircraft LG
» Expecting to convert landing gear ~ 1 year
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* B-2 and trainers only aircraft using
flammable MIL-PRF-5606

« MIL-PRF-32014 grease

— Replaced MIL-PRF-81322 for main landing
gear in C-5 and KC/C—-135 aircraft

— Looking for wheel bearing test
— UK evaluating for military applications
— Looking for new application opportunities

52
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Air Force Petroleum Office

Developing, Fielding, and Sustaining America’s Aerospace Fuels

AFRL
FLUIDS & LUBES
WORKSHOP
June 2006

V. M. Regoli
Det 3, WR-ALC/AFTT

Integrity - Service - Excellence
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p " What We Do ¢

Strategically focus the efforts of the Air Force Fuels community
to develop, mature and enhance core competencies in order to
deliver state of the art technical support and service to the
warfighter.

Maintain an Air Force Fuels Service Control Point (SCP) that 1s
mission concentrated, agile, flexible and warfighter focused;
which provides mission critical materiel, services and
information with minimal infrastructure, manpower and costs.
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\'# Related Products

* Aviation product testing:
- JP-5, JP-7, JP-8, JPTS, JP-10, Jet-A, RP-1, PF-1, aviation gas
— Diesel fuel, heating fuel, mogas, E-85, biodiesel fuel

 Packaged petroleum products & chemicals
— Lubricating oils
— Hydraulic fluids
— Greases
— Corrosion prevention compounds
— Aircraft cleaning compounds
— Anti/Deicing fluids
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\ Hydraulic Fluid

o
) Responsibilities) T

<

 T.0.42B2-1-3, Fluids For Hydraulic Equipment
 Hydraulic Fluid Testing

 International Coordination
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T.0. 42B2-1-3 &

AN A AR AN
¢/ o) (A |

Scope
Cover the types, use, quality control, and disposition
of used hydraulic fluids

Purpose

Clarify the use and disposition of hydraulic fluid used
in the Air Force inventory

58



%4 Hydraulic Fluid Testing

* Lot Acceptance (for DLA)
— MIL-PRF-83282
— MIL-PRF-5606
— MIL-PRF-87257

 Shelf-Life Extension
— DLA (SLES)

— AF (Shelf-Life/Retest)
- T.0. 42B-1-1

« A/C Incident / Mishap

59
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A\ 4 Hydraulic Fluid Testing
¢ (Sampling)

AN A AR AN
¢/ o) (A |

* Results Only Good As Sample Received

— Sampling is Critical
 Sample Technique
 Container Cleanliness

— Questionable Receipts
« Samples are received with fuel smell
* Over packed in vermiculite
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* Air and Space Interoperability Council (ASIC)

- Air Std 15/03 Minimum Quality Surveillance
Petroleum Products

- Air Std 15/04 Allowable Deterioration Limits for
Stored Fuels, Lubricants and
Associated Products

- Air Std 15/07 Guide Specifications for Petroleum
Base (H515 & C-635) &
Polyalphaolefin (H-537, H-538 & H-544)
Aviation Hydraulic Fluids

- Air Std 15/09 Interchangeability Chart of
Standardized Aviation Furls Lubricants
and Associated Products
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Qe International Coordination ‘

AN A AR AN
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* North Atlantic Treaty Organization (NATO)

— STANG 1110 Deterioration Limits for NATO
Armed Forces Fuels, Lubricants
and Associated Products

— STANG 1135 Interchangeability of Fuels,
Lubricants and Associated
Products used by the Armed
Forces of the North Atlantic
Treaty Nations

10
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Change

 DLA Privatization
— Acceptance Testing

— Shelf-Life
« Depot Storage
 USAF Storage
- WRM

» Joint Tech Order
— Aviation Hydraulics Manual
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VilitaT P AWEESN Fluids ar TSN
20-22 June 2006

Megan Goold
AIR-4.9.7.2
Naval Air Depot Cherry Point NC

NAVAIR Public Release 06-0028, Distribution A — Approved for public release;
distribution unlimited
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* History

 Current/Future Events

 Final Product

 Points of Contact

65



66



005 — Preliminary Plar )

C e (PO sent to t nembers

. * - ‘

« May 25-26, 2005 - Joint General Series Working
Group Meeting

J

 November 11, 2005 — Preliminary draft of
NAVAIR 01-1A-17 distributed for gap analysis
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and final review

« September 2006: Publication and
Distribution
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/ice Hydr ulics Manuz
— NAVAIR 01-1A- —_—
—T.0. 42B-1-12

—TM 1-1500-204-23-2
« 17 Work Packages

— Joint Packages
— Navy Use Only

69



2, Cherry Point, NC, 252-464-¢

Air Force * ’
Lois Gschwender, AFRL/MLBT, Wright-Patterson AFB, Ohio, 937-255-7530

Ed Snyder, AFRL/MLBT, Wright-Patterson AFB, Ohio, 937-255-9036
Conchita Allen, AF Petroleum Office, Wright-Patterson AFB, Ohio, 937-255-8038

MSgt Kurt Hinxman, Scott AFB, 619-229-2630

Army
Kenneth Wegrzyn, US Army, 256-313-9137
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ELIMINATION OF BARIUM
CONTAINING FLUIDS IN DoD
AIRCRAFT SYSTEMS

Lois Gschwender
AFRL/MLBT
WPAFB
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N\ ELIMINATION OF BARIUM
**  CONTAINING FLUIDS IN DoD
AIRCRAFT SYSTEMS

Outline
The problem
Background
Program matrix
Results
Jar tests
Pump tests
Summary
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\" Z The Problem

g
* DoD has traditionally used fluids containing
bartum dinonylnaphthalene sulfonate (BSN)

for component storage.
— Spent fluid 1s a hazardous waste

— Documented problems of operational

aircraft with BSN contamination
« Army helicopters
* Navy F-18s
e Air Force T-38
— Logistics/
footprint
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e The Problem
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* T.O. 42B2-1-3 formerly described storage
and shipping with rust inhibited fluid and
then flushing and draining with the
operational fluid prior to use.

* Some parts cannot have all of the rust
inhibited fluid drained.

* The fluids look the same so draining may
not be done.
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4", Background - Definition of
\J Fluids

 The rust inhibited fluids contain ~3% BSN
(1500 ppm Ba). Stability < 225°F.

 EPA limit 1s 100 mg/l (120 ppm) water
soluble Ba for hazardous disposal (EPA
Handbook CFR, 261.24)

Base stock Non-inhibited Rust inhibited

Mineral oil MIL-PRF-5606 | MIL-PRF-6083
PAO oil MIL-PRF-83282 | MIL-PRF-46170
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Background

* Aircraft components were stored with 4
different fluids at the start of program *

~ MIL-PRF-5606: B1B, C-130, C-135, E-3, E-4,
E-6, F-5, P3C, U2R

— MIL-]

H60,
— MIL-

PRF-83282: F-110 (F-16, actuator), F404,

H64, S60

PRF-6083: C-5A/B, F-117, F16

— MIL-PRF-46170: AVS, C17, S3A, F15, E2C,
F18, H53, H60, S60, V22

* Information from Parker Aerospace
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¢ Other reasons to change

«wQr

* No documented reason for using inhibited
fluid

* Component inventory going down - short
shelf time for components

» Logistics - two fewer fluids in AF inventory

— “Footprint” reduction

* Cost savings - charges from component
suppliers and overhaulers
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o Hypothesis

Operational fluids work fine as component
storage fluids

No documented part corrosion with
operational fluids

Laboratory tests indicated synthetic fluids
more corrosion resistant than MIL-PRF-
5606

79



\P/ AF Suggestion - 1995

«wQr

» F-22 will not use rust inhibited fluid in
component/armament for less than one year
storage

» Resistance in AF to eliminate storage fluid
across the board
— Concern about potential corrosion problems

— No documented storage studies
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 Needed we
validate hy;

— Pollution

Program

| planned storage program to
pothesis

Prevention program proposed and

funded, FY0O0 to FY04
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s Program Test Matrix

* Queried MAJCOMs: HQ AMC, AFSOC/LG;
SPOs, ASC, SSMs about test protocol

— Real time storage, not heated to accelerate
— Both rust inhibited and operational fluids

— Submerged and drained parts

— As received and water added to fluid

— Room temperature and humidity monitoring
— Component (pump) test after storage

* Two part program developed
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N Program Test Matrix, Part I, Jars

«wQr

— Selected corrosion- prone, 52100
steel tapered bearings - Timken
Bearing Co.- and used F-16 pump
pistons 1n jar storage

— Submerged parts

 Two water levels

— MIL-PRF-5606, 83282 and —87257 fluids,
100 & 350 ppm water

— MIL-PRF-6083 and -46170 fluids, 220 and
400 ppm water

— Dip & drain parts

* Higher water level only

« Parts dipped, drained, then put into jars
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\ Program Test Matrix, Part |
*e%. Jar tests set up April 2000

— Visual observations monthly

— Jar with specific test conditions (fluid and water
200/400 ppm level) off yearly for three years

— Dip and drain jars also observed
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wes Program Test Matrix, Part 11

— 3 year pump storage begun June and July 2000

— F-16 EPU pumps purchased for storage and then pump
testing after storage

— Three fluids 1n stored pumps: MIL-PRF-83282, MIL-
PRF-87257 and MIL-PRF-46170

— Water added to fluids, 300 ppm
— Constant measurement of temperature and humidity

— Post test examination, photography and analysis, as
needed

— Pump tests conducted on certain pumps at 3 years
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Results, Jar Tests
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PART | JAR TEST RESULTS

Year

Operational Fluids

1

MIL-PRF-

83282

87257

5606

Storage Fluids

MIL-PRF-

46170

Submerged

Dip & Drain

6083

87

Green = No change

Yellow = Slight stain

B Red = Stain
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&) Jar Test Results Summary

 Jar tests with
— Operational fluid — no changes
— MIL-PRF-46170 — staining
— MIL-PRF-6083 — no changes
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Results, Pump Tests
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2000 (300ppm water added)

— Yearly inspection of MIL-PRF-83282 and MIL-
PRF-87257 filled pumps - no changes

— Yearly mspection of MIL-PRF-46170 filled pump
- main bearing resisted turning, discoloration of
metal, gel observed
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CHEMICAL REACTION MARKS ON SHAFT BEARING BALL
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Part II Pump Results

. Pumps stored with 300 ppm water, drained
and filled with fresh fluid

« MIL-PRF-83282
— Run 500 hours
— Teardown inspection showed little wear

— Parts shiny
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 MIL-PRF-87257

— Piston defect caused pump failure at 275 hours
— No rust or other indication of fluid related problem

* Two more PV3075-15 pumps put into storage with
MIL-PRF-87257 for 3 years to assure pump failure
was an anomaly

e Since no corrosion was observed with MIL-PRF-
83282 and MIL-PRF-87257, MIL-PRF-46170
stored pump was not tested
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Pump Test Results

e Pump tests with
— MIL-PRF-83282

» Storage — no change
e Run 500 hrs, no corrosion

— MIL-PRF-87257

 Storage — no change
* Run 275 hrs, piston failure, no corrosion

— MIL-PRF-46170

 Storage, staining, rough turning, gel formed
e Not pump tested
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Summary
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& Expected Payoff / Summarygge

« Using operational fluid for component storage will

— Reduce hazardous waste stream
— Eliminate source of operational problems
— Consolidate number of fluids used

e Storage program assures users that parts won’t
rust on the shelf

« Save charges passed on by component suppliers
and overhaulers
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Post Script

. Final technical report on storage program AFRL-
ML-WP-TR-2004-4279

* Technical paper, Trib. Trans., 1, 2006, by
Gschwender, et al.

* Individual aircraft TO’s are being changed

 Army and Navy also adopted use of operational
fluid for component storage, based on ML work

 Specification for storage fluid MIL-PRF-46170,
Type 1l has been cancelled — recommend using
operational fluid when asked
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Hydraulics Contamination

Test Evaluation Program
Objective of HHCP (initial):

—  To understand the contamination control issues related to
unexplained malfunctions of the controls and find a solution

—  To reduce safety risk associated with malfunctions

Extended Objective:

To improve mission readiness & reduce maintenance costs

— Reduce leakage rates which is one of the main reasons for aircraft
downtime and maintenance activities based on 2410 data

—  Improve the current 30+ year old MIL-F-8815 specification to include
real operating conditions

— Update the current test procedures and insert state of the art
technologies to insure repeatability of filter performance

— Develop Industry and Tri-service support to develop more robust filter
element performance specs >
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Plan of Attack

Field sampling to assess the current condition of
nydraulic fluid in aircraft

Review aviation maintenance practices
Review the current specs Mil-F-8815

Review associated components that are
sensitive to contaminants or affect the
contamination levels in the system

— Indicators

— Servo valves

— Filters themselves

— Operating environment
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70%

60%

50%

»
o
X

% Samples

30%

20%

10%

0%

ERING &

Army Helicopter
"Hydraulic Fluid Samples (FY01)

USN, USMC &
USCG Ground
Aircraft > Class 5

Class 4 Considered
Max Acceptable

1 2 3 4 5+ 4

NAVAIR Class ~ Increasing Contamination >
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Contaminated
Hydraulic Components

CH-47D Integrated Lower Control Actuator (ILCA) Componergts
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Annual Helicopter Cost
g 26 Critical Hydraulic Parts

CCSS Annual Demand & Average Overhaul Cost (FY04)

varion

OH-58D

382 A/IC
cH-47 \ $3.3M
429 A/IC

$5.3 .
Per industry data,
Ty ~75% of failures are
Per Fleet| 1396 A/C due to contamination.

AH-64 erriee $25.9M
742 AIC

CCSS Annual Demand $11.2M
& Average O/H Cost

Mechanical
Total = $45.7M Operation
20%

UH-60
$18,500

Leaking Failure Mechanical
59% Code Wear
16%

Per AIC

CH-47
$12,400

lectrica
5%

AH-64
$15,100

2410 Failure Codes (FY04)
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Current Filtration is Ineffective

* Fiberglass element filters are effected by:
— Changes in flow
— Pump ripple
— Filter Vibration/aircraft system induced

« These dynamic effects allow trapped contamination
to re-enter flow stream.

G- ® 7 Q@ 2 0 L @ ¢ O B O - , ‘\'n'tﬁd
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The smallest images
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displayed are 20 microns.
Army helicopters have 5 t
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micron ‘absolute’ filters.

‘- f‘__‘?‘. ,\"’$l“\°‘ﬁ.l -‘ﬁ.

CH-47D Sample (FY01) G T U TRt
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Fiberglass Filters are Not Effective
in Dynamic Environments

Dynamic Test at SSI (FY01)

* Flow rate changes cause trapped particles to re-entrain in fluid.
» Similar results are produced by:

— Pressure changes — Helicopter vibrations

— Pump pulsation (ripple) — Fluid temperature changes

Upstream Downstream
of Filter of Filter

Steady Flow Increased Flow Steady Flow
(Nominal) (1.5 x Nominal) (1.5 x Nominal) .
Time: 0 - 30 Sec Time: 40 Sec Time: 80 Sec
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Characterizing Filters

Conducted Flight Test Contracted Testing &
* Instrumented CH-47D Hyd Sys Acquired Hydraulic Test
« Actual Flight Conditions Stand
* Helo Hyd Sys Variations * Replicated Helo Filter
— Pressure » Environment
— Flow Rate  Varied Contamination
— Ripple (Pulsation) — Particulate
— Temperature — Water
— Vibration | = Air _

Quantified Benefits

* Defined aircraft operating environment.
* Played back operating environment on test stands.
 Quantifying effectiveness.
* Determined potential ROI.

Verifying Filter

« Monitoring performance of metal filters. Perforrrlance
(Metal vs Fiberglass)
* Pressure
* Flow Rate
. . Effectiveness & Trends
v'Qualify Filter

v'Quantify Benefits « Metal Filters * Vibration

* Ripple (Pulsation
* Fiberglass Filters ﬂ'Té?'?pelgatl:xrel )
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Safety and Economic Benefits of
Improving Fluid Cleanliness

2.5

Annual cost of UH-60 critical

hydraulic components: Safety of

Flight Risk

2.0 -|Overhaul & replace: $25.9M
- Cost due to contamination: ~75%
o . P
o 15 Savings for achieving initial goal:
& o i
fg A$ = $25.9M(75%)(48%)
N = $9.32M per year
S 10 I E— —
= Goal: Never exceed
= Class 3. Avg =2.85
|
0.5- 48% Cost |+ s
Reduction "I"" v S FY01 SampleS:
. . 60+% > Class 5
0.0 Source: Franklin Research Institute Report 1_B2i1 16-4 (10/64)

1 2 3 4 5
NAVAIR Class ~ Increasing Contamination >
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Actions Taken to Improve Fielded
Aircraft Contamination Control

 Evaluated and implemented use of Pall
hydraulic fluid purifier on CH-47.

« Evaluated, modified and demonstrated
hand-pumped, filtered fluid dispensers
(AGSE PM procured dispensers).

 Evaluated and demonstrated inline water
monitor and particle counter (Monitored
water and particulate contamination).
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Actions Taken to Improve Fielded
Aircraft Contamination Control

* Improved the cleanliness and
serviceability of the Aviation Ground
Power Unit.

AT

 Evaluated and demonstrated AGPU
end caps and ‘runaround’ block to
keep hoses and fittings clean (AGSE
PM procured aluminum fittings).

* Replaced 3 and 10 micron AGPU
filters with 2 and 5 micron filter
elements, respectively.

<>

N " 1

'J | y
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Hydraulics Contamination

Test Evaluation Program
Objective of HHCP (initial):

—  To understand the contamination control issues related to
unexplained malfunctions of the controls and find a solution

—  To reduce safety risk associated with malfunctions

Extended Objective:

To improve mission readiness & reduce maintenance costs

— Reduce leakage rates which is one of the main reasons for aircraft
downtime and maintenance activities based on 2410 data

—  Improve the current 30+ year old MIL-F-8815 specification to include
real operating conditions

— Update the current test procedures and insert state of the art
technologies to insure repeatability of filter performance

— Develop Industry and Tri-service support to develop more robust filter
element performance specs ”
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Hydraulic Filter Testing
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Particles/ml

1000
900
800
700
600
500
400
300
200
100

Particle Shedding

Comparison of Fiberglass & Metal Filters

NAVAIR Dynamic Test Results (FY02)

Downstream Particles Between 5 and 10 Microns

NAVAIR 7
Class 5

Flow Surge ->
NAVAIR
Class 3

NAVAIR
Class 1

5 10 15

20 25

Cumulative Test Time (Minutes)
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Hydraulic Filter Testing

* How well do the present filters perform using current specs?
— All filters pass current MIL-F-8815 spec

— We still have high usage rates on critical hydraulic components and issues with
high leakage rates and high maintenance on pumps and actuators which are
sensitive to contamination

« Some bench test data and field oil samples data suggest that we may have worse
than normal cleanliness levels in aircraft during helicopter working conditions

— Do we have bench test data?
— Is there a more robust filter that is cost effective?

— Can we separate more robust filters from non-robust filters using any approved
/published test procedure?

— If not, does it require a new test procedure?

— Is there one test procedure available in the industry that truly replicates Army’s
environment?

— Is the test procedure easily repeatable at other labs?

— Do we rank filters based on realistic environmental test or assumed test
conditions. Is this verifiable?

17
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Tests Performed

628 Bubble Point Tests

231 Immersion Tests

155 Cold Start Tests

11 Flow Fatigue Tests

11 Collapse Tests

9 Media Migration Tests

34 1S0O-23369 Cyclic Multi-pass Tests
18 ARP-4205 Dynamic Response Tests
46 DFE Tests

Total Tests — Over 1143

118
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UH-60 Vendor 2 Filter
Performance

Particles/m

100
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Downstream Particle Counts - C748
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DFE®-Dynamic Filter
Efficiency Test

)¢
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a
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I e
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Chluisom LL:E"LI
Test filter
M w/no vibration

DFE trademark of SSI Labs,
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Upstream Challenge Maintained Constant
For DFE Filter Test Duration

Upstream Counts vs Time
DFE Tests W/O Vibration

AR050233, C719, Pre-Conditioned -
Industrial Piston Pump 1800 rpm,
1000 psi, term pressure: 300 psid,

180 deg F, flow 1.5 to 6 gpm

£
? 10000
-E1OOO
£ 100 = Upcount3
§ 10
O 1
'gon
o S B I B ST F ALK
5 ¢ 88 F B3 2
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22

122



Validation DFE w/o Vibration Tests

Downstream Counts Follow 3mg/l Upstream Challenge
1.5 to 6 gpm, 1000 psi upstream, 300 psid,175 deg F

Downstream Particle Counts - Validation

10000
- W o
—— 5 Micron
6 Micron
100 7 Micron
—— 10 Micron

—— 14 Micron
10 —— 20 Micron
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w» Comparison of DFE w/o Vibration

Typical Results
UH-60 Filters
BM vs Robust Media
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DFE: Registered trademark of SSI
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M

w/Vibration,160 Deg F, 1SO-23369 & SAE-4205

Test Dust —
Slurry sample
* p

Automatic
Particle

Reservoir Counter

Test Filter

Vibration(30-2000Hz)

Upstream Automatic

Sample Particle
Counter

Variable Speed Pump

126

26



Validation Under Dynamic Conditions
1ISO-23369 w/ Vibration And 160 Deg F

Upstream Challenge Maintained Constant
3mg/l - 1.5 to 6 gpm - 4 min cycle.

160 F Validation
Upstream Particle Counts
2 min. Flow Cycle 1.5-6 gpm
— 4 um — 5 um 8 um 10 wm 14 um 20 um 28 um 30 um
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Time [min.)

Tested at SWRI @ 3 mg/liter
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Validation Under Dynamic Conditions
1SO-23369 w/ Vibration And 160 Deg F

Downstream Follows Constant Upstream Challenge

160 F Validation
Downstream Particle Counts
2 min. Flow Cycle 1.5-6 gpm
4 urm 8 um 8 wm 10 wrm 14 um Hwm — 25 um 30 um
10000
P — — S —
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Time (min.)

Tested at SWRI @ 3 mg/liter
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Micron Sizes at
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