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Abstract

Electrical connectors corrode.  Even our best SA and MC connectors finished with 50 to 100
microinches of gold over 50 to 100 microinches of nickel corrode.  This work started because
some, but not all, lots of connectors held in KC stores for a decade had been destroyed by pore
corrosion (chemical corrosion).  We have identified a MIL-L-87177 lubricant that absolutely
stops chemical corrosion on SA connectors, even in the most severe environments.  For
commercial connectors which typically have thinner plating thicknesses, not only does the
lubricant significantly retard effects of chemical corrosion, but also it greatly prolongs the
fretting life.  This report highlights the initial development history and use of the lubricant at Bell
Labs and AT&T, and the Battelle studies and the USAF experience that lead to its deployment to
stop dangerous connector corrosion on the F-16. We report the Sandia, HFM&T and Battelle
development work, connector qualification, and material compatibility studies that demonstrate
its usefulness and safety on JTA and WR systems.  We will be applying MIL-L-87177
Connector Lubricant to all new connectors that go into KC stores.  We recommend that it be
applied to connectors on newly built cables and equipment as well as material that recycles
through manufacturing locations from the field.
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Introduction

There are thirteen documents associated with this report that are presented in Appendices
A-M.  Together they explain: 1) the origin of the MIL-L-87177 lubricant, 2) the USAF’s
connector corrosion problems on the F-16, 3) tests that Bill Abbott of Battelle
Laboratories ran that guided him to select this particular material to protect certain
connectors on the F-16’s, 4) subsequent Air Force field experience using the lubricant,
5) tests run by Battelle to explore its use in the DOE environment, 6) tests run by New
Mexico State University demonstrating its use as a fretting corrosion inhibitor, 7) tests
run by Ron Taylor at HFM&T to qualify the lubricant for use on DOE connectors and
8) Sandia studies performed to detect possible materials compatibility issues between the
lubricant and other DOE materials and eventually, to qualify it for WR use.  Within these
references are also documentation of our initial interest in this lubricant, contacts with its
maker (International Lubrication and Fuel Consultants), and LLNL’s favorable
assessment of its use in the DOE environment.

Appendix A: “Shelf Life Concerns on Connectors,”1 a memo from Ron Taylor to Jim
Hanlon introduces the problem of finding connectors in KC stores with corrosion that
initiated this work.  We (Ron and Jim) had just attended an IEEE Intensive Course On
Electrical Contacts where one of the instructors, Bill Abbott from Battelle Laboratories,
had told us about the lubricant he was investigating for use by the Air Force.  

Appendix B: “Visit to International Lubrication and Fuel Consultants, Inc.”2 documents
our first contact with George Kitchen, president of ILFC and developer of the lubricant.
In this visit we outlined much of the work that we performed to prove-in the lubricant for
use on DOE connectors.  

Appendix C: “The Evolution of a Water Displacing Corrosion Preventative Lubricant”3

was presented by George Kitchen to the NACE (National Association of Corrosion
Engineers) conference in April, 2000.  Mr. Kitchen describes: 1) the events that lead him
to develop his water displacing, non polymerizing lubricant at Bell Laboratories in 1981,
2) the conditions under which it was designed to prevent corrosion, and 3) tests results
that demonstrate it does not materially affect insulation resistance of connectors to which
it is applied.

Appendix D: “Evaluation of Lubricant Effectiveness for Corrosion Protection and
Improved Reliability of Electrical and Electronic Connectors”4 is a 1996 report by Bill
Abbott from Battelle that he generously gave to us some time after the IEEE course.  It
describes his extensive laboratory and field evaluations of 12 commercially available
connector lubricants for the USAF.  The MIL-L-87177 lubricant that we have evaluated
for use on DOE connectors was one of two identified as affording “a high degree of
protection to metallic connector components.  At the same time, all data have shown no
known engineering (or environmental) risks to operating systems associated with the use
of properly qualified lubricants.”  Mr. Abbott goes on to recommend a “test sequence for
connector/lubricant qualification” which we subsequently adapted for our use and
performed on the SA1386-3 connector as reported below.9  
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Appendix E: “Corrosion Monitoring of Air Force Field Sites and Effects of Lubrication
on Corrosion Inhibition”5 by W. H. (Bill) Abbott was also presented to the 2000 NACE
conference.  It summarizes work that he had been doing for the USAF since 1994
showing that the MIL-L-87177 lubricant “can provide almost total corrosion inhibition at
electrical interfaces while posing no known engineering risk. At the same time, those
same materials will survive comprehensive laboratory testing.”  It includes results of
ground-based studies at fifty Air Force and Air National Guard base field sites and of
flight tests over a period of two years on “upwards of 150 aircraft and a variety of LRU’s
selected from the flight control, avionics, and weapons systems.”

Appendix F: The Air Force side of the story is told in another 2000 NACE paper,
“Catastrophic Uncommanded Closures of Engine Feedline Fuel Valve from Corroded
Electrical Connectors”6 by David H. Horne, USAF F-16 Fuel Systems Engineer.  Mr.
Horne describes the fretting and galvanic corrosion problems encountered with the
electrical connectors supplying power to the Main Fuel Shutoff Valve that caused him to
initiate work with Battelle and finally to deploy MIL-L-87177 lubricant on the F-16’s.
“Treatment of electrical connectors with the MIL-L-87177A Grade B was so effective in
restoring the conductivity of the tin plated pins and preventing continued corrosion that in
a test at one Base the aircraft so treated demonstrated a 16% improved mission capable
rate.  In addition, millions of dollars saved by cost avoidances were documented by
treating the aircraft and aircraft ground equipment connectors.”

Appendix G: In another NACE paper presented at the same conference, Neil Aukland of
The NMSU Advanced Interconnection Laboratory and James Hanlon of Sandia National
Laboratories outline how “MIL-L-87177 and a Commercial Lubricant Improve Electrical
Connector Fretting Corrosion Behavior.”7 Without the lubricant, these nano-miniature
commercial connectors began to suffer fretting after 2,341 fretting cycles and exceeded a
0.5 ohm contact resistance (which was the failure criteria).  With additional fretting their
contact resistance exceeded 100,000 ohms.  MIL-L-87177 lubricant delayed the onset of
first failure to at least 430,000 cycles and many lasted over 20 million fretting cycles.
Additionally, the contact resistance on these lubricated parts did not exceed 12 ohms until
“end of life.”

Appendix H: In “Final Report: Evaluation of Lubricants for Corrosion Inhibition on
Electrical Connectors,”8 Bill Abbott reports on work done in 1998 for Sandia in which he
identified an appropriate volatile carrier for dilution of the lubricant and determined a
minimum, 20% concentration necessary for effective corrosion protection.  

Appendix I: In his letter to Ron Taylor dated May 5, 2000, “Effects of Lubrication on
the Reliability of Electrical Connectors,”9 Bill Abbott reports on further work for
HFM&T and Sandia in which he developed a lubricant application technique for Bendix-
made SA1386-3 connectors and demonstrated that 20% concentration lubricant applied to
the SA1386-3 connector remained effective after extensive thermal aging and after
exposure of the connector pins to solder temperatures.  He identified the MIL-L-87177
lubricant as being reliable for long-term temperatures up to the 100 to 105oC range.  He
also exposed lubricated and unlubricated SA connector pairs in two field sites,
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demonstrating in the more severe site that unlubricated SA connectors, both mated and
unmated, experienced a significant degree of degradation within 6 months!  Under the
same conditions, unmated lubricated connectors were completely protected.  

Appendix J: In “Connector Lubricant Qualification Report”10 Ronald Taylor of HFM&T
reports on his qualification work of MIL-L-87177 lubricant on PEEK SA2287-7 &
SA2288-7 connectors.  The lubricant passed our full series of qualification tests as
recommended by Bill Abbott, demonstrating that it produced no undesired effects on the
connector performance through the extensive series of environmental tests.

Appendix K: Up to this point, we had collected a mature body of data indicating that
the lubricant did not adversely affect the electrical functionality of the connectors.
What we were missing was an understanding of the long-term aging and material
compatibility characteristics of the lubricant (MIL-L-87177) so that we might
recommend its qualification for WR use. To that end, we developed a test plan
designed to answer the following questions: 
•  Will the lubricant ever migrate?
•  Will the lubricant interfere with the functionality of the electrical connectors?
•  Will the lubricant have any material compatibility issues with other systems? (i.e.

getter material or optical switches)
In “Final Progress Report (after the last - 150th thermal cycle): Qualification of
MIL-L-87177 for Use as a Corrosion Inhibitor and Lubricant on WR Nano-
connectors.”11, Ginger De Marquis reports that the results of this materials compatibility
study demonstrate that MIL-L-87177 does not interfere with the functionality of certain
electrical components (W87 JTA board using nano-connectors) or optical components
(optical switch in a UC1530 communication module operating between 850- 900nm).
Additionally, the historical data generated by the Airforce, Battelle, Bell Labs and NMSU
Advanced Interconnection Laboratory further reinforce that 1) this material has no
adverse interactions with a wide variety of plastics and metals, and 2) this material is
beneficial towards reducing corrosion in connectors, including fretting corrosion in nano-
connectors. De Marquis recommends that this material be qualified for use as a corrosion
inhibitor and lubricant on WR nano-connectors.

Appendix L: In “Assessment of compatibility issues associated with the use of electrical
connector lubricant MIL-L-87177A,”12 Bryan Balazs of Lawrence Livermore National
Laboratory concludes that “we foresee no detrimental compatibility issues, although it is
suggested that a rigorous set of compatibility tests involving this lubricant system with
appropriate materials would increase the confidence that there are no negative issues
associated with the use of this lubricant.”  

Appendix M: Finally, we have included the reference for MIL-L-87177A13, Military
Specification, Lubricants, Water Displacing, Synthetic.
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Conclusions

Having demonstrated that this material does no harm to connectors and has no migration
or material compatibility issues and also that it prevents chemical and fretting corrosion,
we have decided to apply MIL-L-87177 Connector Lubricant to all new connectors that
go into KC stores.  We recommend that it be applied to connectors on newly built cables
and equipment as well as material that recycles through manufacturing locations from the
field.
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Appendix A
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Appendix B

Jim Hanlon and Ron Taylor, “Visit to International Lubrication and Fuel Consultants, Inc.” 
(3 pages)



Exceptional Service in the National Interest

Operated for the U.S. Department of Energy by
Sandia Corporation

Albuquerque, New Mexico 87185-0523

date: February 17, 1998 

to:  Connector Team et. al.

from: Jim Hanlon and Ron Taylor

subject: Visit to International Lubrication and Fuel Consultants, Inc.

We had a very interesting meeting with ILFC today.  Attendees were Rob Sorensen, Terry Ernest and
Jim Hanlon from SNL, Ron Taylor from ASFM&T, and George Kitchen (President) and Ray
Kashmiri (Vice President and General Manager) from ILFC.

Our purpose was to discuss the use of ILFC’s “1006 Contac ”lubricant as a corrosion and fretting
inhibitor on DOE connectors.  This is one of the materials tested by Bill Abbott at Battelle as
reported in “Evaluation of Lubricant Effectiveness for Corrosion Protection and Improved Reliability
of Electrical and Electronic Connectors.”   It has been further evaluated by Abbott in a field study on
National Guard F-16’s.  The Air Force has several specifications in place which permit the use of
this material as an electrical contact lubricant.  

George Kitchen is an old friend of Jim Hanlon’s from Bell Labs.  George developed the materials
used by the Bell System as a contact lubricant, and he is now making and supplying 1006 Contac to
telephone companies for that purpose.  He supplied us with a copy of the Bell Telephone
Laboratories Specification, KS-22659, Water Displacer (Lubricant) and of the Military Specification,
MIL C-87177A, Connector Lubricant, Corrosion Inhibiting Compound, Water Displacing, Synthetic,
For High Altitude.  George wrote the KS specification and made major input to the military
specification.  

We had not one but two guided tours of ILFC’s facility - one of the better uses I’ve seen for a former
bank building in Rio Rancho, NM.  ILFC has quite a few pieces of analytical chemistry equipment
that are able to detect specific materials at the parts-per-billion level.  This equipment is used in other
facets of their business, such as analyzing and characterizing fuels and lubricating fluids.  

We found out the following information about the 1006 Contac material.

The primary ingredient in 1006 Contac is poly alpha olefin (excuse the spelling, I’m no organic
chemist!).  The present “thinner” in use is ethyl acetate which has a 25o flash point and is not
particularly nice to use.  Previously, the thinner had been Freon TF, but it was changed because of its
environmental problems.  George wants to try out environmentally correct Freon 141B as soon as he
can get some.  It’s made by Allied Signal (!), so Ron is going to help George get in contact with a
source of supply.  I have the other ingredients written in my notes, but George offered to supply us
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with the full formula, ingredients and amounts, correctly spelled, so that we can do a compatibility
study with materials in our equipment and connectors.  

The temperature range for Contac 1006, as presently constituted for use on aircraft, is from -70o to +
450o F ( -56o to +232o C).  It could be further customized for our use if necessary, but we Sandia and
Allied Signal folks saw no immediate need for any greater temperature range at the meeting.    

The thickness of the residual film left after the thinner/carrier evaporates is on the order of
angstroms.  The film does not flow after the thinner evaporates, rather it “dries in place.”  There is a
die in the material which will fluoresce under black light, so positive inspection proof of lubricant on
a surface is easily obtained.  General Dynamics, the F16 manufacturer, ran an evaluation and found it
to produce no change in connector contact resistance.  

Soldering a surface lubricated with Contac 1006 should vaporize or burn it off if the temperature
exceeds 450o.  George recommends cleaning a lubricated surface prior to soldering.  Freon TF or
ethyl acetate will work as cleaning solvents - and probably Freon 141B as well.  TCE/TCA and an
aggressive cleaning will probably work as well.  We may ask Ed Lopez to have a look at the cleaning
question.  

George said that poly alpha olefin has been used as a contact lubricant for 40 years now, and that the
original films are still functional.  This allows him to state that Contac 1006 has a 40 year life.

Application can be done in several ways.  The Air Force is using dilute material in a mist/spray can
(hand pump type) with a nozzle and an 4” extender tube.  They use the mist setting for lubricating
connector pins and the spray setting for lubricating light bulb sockets.  It is possible to get the
material in aerosol cans with CO2 propellant, but that is very expensive in the small quantities we
would require.  We could also use a dip-and-evaporate technique, but we would have to be careful to
maintain the appropriate concentration of thinner in our reservoir.  Material could be sprayed into
sockets.  

The question was raised about whether surfaces coated with Contac 1006 attracted dust.  George
thinks that the film is so thin that its attraction for dust is virtually nil.  We also checked the Battelle
Report which says, “This study also examined the effects of dust attraction/collection by lubricants
which is often cited as one concern associated with their use.  The results indicated that these effects
are largely “cosmetic” in nature, as no adverse effects of dust on connector electrical performance
were found.  To the extent that any effects were observed, all field results showed a net beneficial
effect of selected lubricants compared to the unlubricated condition.  This means that the positive
effects on corrosion inhibition far outweighed any negative effects of dust.”  

George helped us come up with the following list of things to do in order to use Contac 1006 on
DOE connectors.

We have to settle on the solvent to be used.  Freon 141B would be best if it works out.  Freon TF
works well, but we would have to install closed cycle equipment to use it or get a government permit
to use a limited amount of it.  Ethyl Acetate also works well but has an undesirable flash point.
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We need to explore methods of application for our connectors.  And we need to verify that we have
good electrical connection after coating.  

George recommends that we use the “old” MIL-C-87177A Specification because it is a chemical
spec rather than a “performance spec.”  It would have to be “touched up” to reflect the final solvent
system.  George offered to help us prepare our spec so that it would contain both the correct
chemical formulation and tests that assure material survival.  (There is also an “Outline of test
sequence for connector/lubricant qualification” on page 80 of the Battelle report which I would like
to share with George if we can get permission from Bill Abbott.)

We need to check material compatibility between the constituents of Contac 1006 and the materials
in our connectors, our potting and soldering processes, etc.  George offered to supply us with a copy
of the materials list and a sample of all of the raw materials.  Bob Furlong of ILFC will supply us
with label information, product designations and manufacturers.  

Copy to:

J. O. Harris 1251 D.R. Lemon D/462  AS FM&T
L. A. Andrews 1251 R.L.  Schaldecker D/462 AS FM&T
T. L. Ernest 1251 J.M.  Emmons D/462  AS FM&T
R. D. Lewis 1251 R.K.  Furia D/462  AS FM&T
R. D. Kilgo 1251 J.W.  Hilton D/462  AS FM&T
J. W. Braithwaite 1832 J.L.   Hoisington D/400  AS FM&T
R. Sorensen 1832
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Appendix C

George Kitchen, “The Evolution of a Water Displacing Corrosion Preventative Lubricant” 
(8 pages)
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Appendix D

W. H. Abbott, “Evaluation of Lubricant Effectiveness for Corrosion Protection and Improved
Reliability of Electrical and Electronic Connectors”

(94 pages)
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Appendix E

W. H. Abbott, “Corrosion Monitoring of Air Force Field Sites
and Effects of Lubrication on Corrosion Inhibition”

(16 pages)
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Appendix F

David H. Horne, “Catastrophic Uncommanded Closures of Engine Feedline Fuel Valve
from Corroded Electrical Connectors”

(14 pages)
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Appendix G

Neil Aukland and James Hanlon, “MIL-L-87177 and a Commercial Lubricant Improve
Electrical Connector Fretting Corrosion Behavior.”

(9 pages)
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Appendix H

W. H. Abbott, “Final Report: Evaluation of Lubricants for Corrosion Inhibition
on Electrical Connectors,”

(25 pages)
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Appendix I

W. H. Abbott, “Effects of Lubrication on the Reliability of Electrical Connectors,”
(22 pages)



May 5, 2000

Mr. Ronald Taylor
Staff Engineer
Allied Signal
2000 East 95th St.
P.O. Box 419159
Kansas City, MO 64141-6159

Dear Mr. Taylor:

This letter is a Final Report from Battelle on the results of a study recently completed for
Allied.  The subject of the study was  “Effects of Lubrication on the Reliability of
Electrical Connectors”. 

Background

In late 1998, a study was completed for Sandia on the use of a particular type of lubricant
to inhibit the corrosion of porous gold coatings as may be found on electronic connectors.
The basis for that work was studies conducted for the Air Force on lubricants conforming
to two military specifications.  These are MIL-C-81309E and MIL-L-87177A.

The Air Force studies yielded very positive results and even for connectors exposed in
very severe environments.  In that work, however, the data were obtained with C.O.T.S
materials applied as aerosols from spray cans.  This meant that the lubricants were
applied at high concentrations and in a somewhat uncontrolled manner.  The latter was
actually intended as a test for field application of the lubricants.  Even though those
results were very favorable,  the results may not be applicable to lubrication in a
manufacturing operation.

In view of this situation, a subsequent and very important study was recently completed
for Sandia.  This study examined the performance of one of these lubricants (MIL-L-
87177A) but with application conditions much closer to the needs of a manufacturing
operation.  Specifically, the study defined the effects of both a volatile carrier and
lubricant concentration on corrosion inhibition.  Those results clearly indicated important
effects but also demonstrated that a lubricant of this type can be applied in a manner
consistent with manufacturing needs.
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The work just discussed involved studies on the standard Battelle connector test vehicle,
which has been used in all work, conducted to date.  This was done both for consistency
and experimental convenience.  However, the work did clearly establish both a desirable
carrier and concentration for the lubricant.
It is recognized that the types of connectors of particular interest to Allied and Sandia are
various pin and socket types.  Therefore, a logical step in this investigation is to extend
the work to actual connector hardware.  This must involve not only similar performance
studies but must also involve the practical questions associated with lubricant application
in a manufacturing environment.  The latter involves such issues as placement of
lubricants in sockets and a variety of thermal exposures.

It is these practical issues that were the subjects of the present studies.

Experimental Studies -- Overview

Lubricant

This work involved one lubricant formulation as the primary material of study.  This will
be the MIL-L-87177A at a concentration of 5 and 20 weight percent in a volatile carrier
of HCFC 141-b.  The 20% formulation is probably close to an optimum as defined from
the earlier studies.  However, that work also showed that even lower concentrations are
very effective.  Therefore,  the 20% concentration was regarded as primary with the 5%
formulation included in selected studies as a backup to allow for the possibility of
adverse effects from the higher concentration during thermal ageing.

The lubricant(s) just described were obtained from one vendor.  This was Lektro-Tech of
Tampa, Florida.  Actually, the lubricant was obtained as a concentrate from this vendor
and it was this form of the lubricant that was diluted to the desired concentration at
Battelle.

It is recognized that there are two vendors for the 87177A materials.  The fact that one of
these was emphasized does not imply any particular bias towards either.  The selection
was a matter of convenience, since the materials needed were immediately available at
Battelle.

 Specifically, the concentrate was regarded as the “100%”  level even though it was
known that this was strictly not the case.   This is reported as a matter of record, since it
was known that the concentrate/solution already contained some level of HCFC 141b.
Therefore, the actual concentration of the active lubricant had to be somewhat less than 5
or 20%.

This subject is reported in some detail, since late in the program a lubricant sample from
the second vendor (ILFC) was supplied to Battelle from Sandia.  This sample was labeled
as a 20% solution, but no details were provided to describe the actual formulation.  It is
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suspected that the actual concentration was less than the 20% primary formulation
described above, and it is likely that this was the reason for its lower effectiveness for
corrosion inhibition.

Connectors

In this work, the test vehicle was an actual connector assembly of interest to Allied.  This
was a Bendix SA 1386-3, 18 pin male.  Both the pins and sockets were described as
having a standard 50 micro-inch gold over-nickel plating.  This was not independently
confirmed by Battelle.

 Allied provided both halves of the connector assembly.  Battelle was responsible for all
of the wiring to measure these samples.

Lubricant Application

In previous work, the lubricants were typically applied by dipping or spraying methods.
It was recognized that these methods may not be desirable in a production environment.
Therefore, one of the objectives in this work was to evaluate alternate methods of
lubricant application and specifically methods that could be used for mass lubrication of
pins and sockets.  The procedure finally adopted is described in a following section that
describes the various tasks as originally proposed.

Other Experimental Details

All features of the work were similar, if not identical, to the previous work.  Specifically,
in the laboratory corrosion studies the Class II FMG environment would again be used.

Summary of Proposed Tasks

The following is a summary of the various tasks, which were proposed together with a
brief background for each. 

Task 1 – Lubricant Application Methods

It is recognized that the application methods used in the previous studies – spraying and
dipping – may not be suitable for Allied’s manufacturing operations.  Ideally, an
application method should be available in which lubricant can be selectively and quickly
applied to all of the pins and/or sockets in a connector.  This should be done without
excessive lubricant getting onto the connector housing.  While the latter should have no
adverse functional effect, it would, at a minimum, pose a cosmetic problem.

In view of this stated need, the objectives of this portion of the work would be to 1)
examine methods by which lubrication can be applied, and 2) examine whether such
minimal amounts of lubricant will give good corrosion protection.
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This problem was approached with the assumption that the amount of lubricant actually
required to provide corrosion inhibition is quite small.  Also, it was assumed that the
amount required within a socket could be transferred even by a natural insertion
mechanism such as from lubricated pins.

These assumptions have lead to two proposed approaches for practical lubrication.  Both
would utilize actual but modified connectors as the vehicle for lubricant application.  The
obvious advantage of both approaches is that there would be nothing abnormal associated
with the required mating of the connectors which might otherwise introduce some form
of contamination and/or wear.

The first approach studied utilized lubricated gold pins in an actual male connector.  This
connector would be modified only by having the plastic shroud machined away to leave
the gold pins retained in the plastic base and with their natural alignment.  These pins
would be lubricated by dipping to a depth of about half the pin length to avoid lubricant
buildup on the plastic.  This vehicle would then be inserted into a test socket in an
attempt to transfer a small quantity of lubricant by this natural process.

The second approach is somewhat more involved but would provide a more controlled
and positive means for lubricant injection into the socket cavity.  Again it would utilize
the male pins as described above.  However, in this case the pins would be center drilled
from the solder cup side to provide something similar to a mass “hypodermic needle”.
Some initial experiments have already been made at Battelle to demonstrate that the
required fine holes can be accurately placed and without damage to the pin tips. 

Some experimental work was  required to determine an appropriate means for lubricant
injection using this device.  It is unlikely that this can be done simply by gravity due to
capillary retention forces inside the fine hole.  Therefore, it is likely that a device will be
fabricated on the backside of the connector to provide the means for controlled injection.

The initial work in this project rapidly lead to the conclusion that the second approach not
only could be used, but it also proved to be the most practical for the rapid lubrication of
large numbers of pins and sockets.

The relatively simple test fixtures that were developed are shown in Figure 1.  Both
fixtures used actual male or female connectors.  Each was permanently mounted to a
stainless steel reservoir onto which a plastic syringe was sealed.  A small hole (1/64”)
was drilled through each pin or socket to provide the route by which lubricant could be
injected from the syringe.

In operation, the procedure that was finally adopted was as follows.  The appropriate
fixture from Figure 1 was oriented in a vertical position such that the ends of the pins or
sockets were pointed upward but without the connector to be lubricated.  Then the
syringe was moved to form a small bubble of lubricant at the tip of each pin or socket. 
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Initially, this required some experimentation to gain a “correlation” between plunger
movement, lubricant appearance, and uniformity among pins (or sockets).  Fortunately, it
appeared that this technique did provide lubricant appearing on every tip.
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Figure 1.  Photos of Test Fixtures Used For Mass Lubrication of Pins and Sockets
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Once the presence of lubricant was established, the connector to be lubricated was mated
to the test fixture.  It remained in this position for only a very brief period of time
(seconds).  After this half of the test connector system was lubricated, it was removed and
the procedure was repeated with the second fixture for the other half of the connector.
The two connector halves remained unmated for no more than several minutes before
they were mated to form the test connector system.

 Task 2 --  Thermal Effects

The objective of this task was to duplicate earlier studies to determine whether there is
any evidence of thermal degradation on an actual product, which may affect performance.
Earlier work was done on a test vehicle with a relatively high normal force (200+ grams).
It is likely that the normal force on the “actual” connectors will be much lower and that
this is the critical variable.  This work was of further importance, since it should define
any potential problems with the 20% concentration.

The aging conditions were proposed as 100 C for 1000 hours with periodic contact
resistance measurements.  These conditions were used prior to the FMG corrosion
exposures.

 Task 3 – Transient High Temperature Effects

It is known that connectors will experience short, high temperature excursions during
manufacturing when soldering operations occur.  Therefore, when a lubricant is already
present on the contacts as to obtain shelf life/storage protection then a possibility exists
that these events could lead to lubricant degradation.  The objective of this portion of the
study would be to evaluate this possibility and hopefully to dismiss it as an area of
concern.

Originally, it was expected that information would be provided by Sandia or Allied
regarding appropriate temperature/time conditions.  However, when this information was
not available, it was agreed that such information would be determined experimentally at
Battelle.

The approach was rather straightforward.  Thermocouples were inserted to the bottom of
10 sockets on an actual connector.  A small electric soldering iron was preheated as for
an actual soldering operation after which solder was applied to the solder cups in a
normal procedure.  During this operation, the soldering iron was held against the cup for
periods between 5 and 10 seconds.

During the soldering operations just described, the thermocouple readouts were observed
on a digital readout and recorded on a strip chart recorder.  From these experiments it was
determined that the transient heating and cooling was very rapid with time at temperature
measured in a few seconds.  The maximum temperature ever recorded was 185 C.
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As a result of these data, the following procedures were adopted to simulate the worst –
case time-temperature exposures.  The connectors were lubricated as described above.  A
forced circulation, temperature chamber was preheated to 185 C.  The unmated
connectors were quickly placed in the chamber and allowed to remain for 1 minute before
they were removed to the lab air environment.

The 1-minute exposure was not entirely arbitrary but did provide some margin for a
worst-case exposure.  An experiment had been conducted in which instrumented
connectors were inserted into the chamber in this manner.  It was determined that a
temperature of 180-185 C was typically reached within 30-40 seconds.

Task 4 – Short Term, High Temperature Service

Sandia has indicated that service conditions may exist in which the products may
experience temperatures >105 C for periods of a few hours.  The value of 105 C is
mentioned, since this is the temperature limit to which Battelle has studied these
lubricants.

Subsequent communications from Sandia indicated that actual requirements were
probably more like a maximum of 90-95 C and then for periods of no more than several
hours.  However, Sandia also suggested that a temperature of 125 C might be studied
only because this value was mentioned in military specifications.  As a result of further
discussions, conditions of 125 C for 8 hours were selected for these studies which were
conducted on mated connectors.

Task 5 – Field Studies

Battelle recommended that samples be placed at some number of field sites as a definitive
demonstration of lubrication effects.  This work would be particularly important, since it
would complement earlier work  in two important ways.  First, this work would be done
on real connector hardware of direct interest to Allied and Sandia.  Also, it would be the
first field test of the reduced concentration lubricant.

Battelle also recommended a minimum of two (2) field sites for consideration.  Those
sites were proposed to be the Indoor and Outdoor (sheltered) sites at Battelle’s Daytona
Beach facility.  There are a variety of technical and procedural reasons for proposing
these sites, but probably the most important is that there is already a large body of test
data at these sites for comparison from earlier Air Force studies.

We further proposed to place both lubricated and unlubricated connectors at these sites.
These would remain in place for a period of 1 year.  However, since it was convenient for
us to quickly return these samples for measurement, we proposed to obtain quarterly test
data on them.
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Experimental Results

Effects of Soldering

The results from these experiments are summarized in Figure 2.  The conclusion from
these data is that there is no evidence of degradation of either the 5 or 20% lubricant
mixtures as a result of the thermal exposure which may result from typical soldering
operations.

It should be noted that these data do not address the question of whether lubricant was
removed (such as by volatilization) as a result of this thermal stress.  This question should
be answered by the results of corrosion exposures on these samples as reviewed in a
following section.

Effects of Thermal Ageing

The results from these experiments are summarized in Figure 3.  The conclusion from
these data is that there is no evidence of degradation of either the 5 or 20% lubricant
mixtures as a result of the thermal exposure which may result from typical soldering
operations.

It should be noted that these data do not address the question of whether lubricant was
removed (such as by volatilization) as a result of this thermal stress.  This question should
be answered by the results of corrosion exposures on these samples as reviewed in a
following section.

Corrosion After Short-Term Thermal Ageing

The samples used to generate the data for Figures 2 and 3 were next subjected to unmated
exposures in an FMG (Class II) exposure.  The purpose of this work was to determine by
inference whether the lubricant had either been changed or depleted to an extent that
there was no longer adequate corrosion protection.

The points of reference would be the earlier work conducted for Sandia which
demonstrated that the 20% lubricant formulation will provide almost total corrosion
inhibition.  Furthermore, even the 5% concentration provided a high degree of protection.

This conclusion must be qualified by the fact that the earlier work was done on a different
connector system in which the average contact normal force was presumably higher than
on the present connectors.  However, data were developed in this study which will
demonstrate the corrosion susceptibility of the present connector system and lubricant
effectiveness.
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The results of the FMG exposures on the soldered and 125 C aged samples are
summarized in Figures 4 through 7.  For reference purposes, Figures 8 through 10 in the
following section should be viewed.

The results of Figures 4-7 indicate that there was a slight loss of lubricant effectiveness as
a result of the soldering operation.  This conclusion is based on the data for the 20%
lubricant formulation.  Earlier data indicated that the 5% lubricant level was marginal or
inadequate to obtain corrosion protection for unmated exposures of this type.  Therefore,
the data in Figures 4 and 6 are not surprising.

The results of Figures 5 and 7 clearly show that even relatively short (8 hour) exposures
at 125 C appear to result in lubricant loss to a degree that corrosion inhibition may be
reduced.  This result is actually not too surprising in view of earlier Battelle studies which
have concluded that for most lubricants of this type a temperature of about 105 C
represents the limit for extended thermal ageing and corrosion protection.

These conclusions are of some significance regarding future qualification and even
application of these materials.  Earlier, it was noted that inputs from Sandia suggested
that the maximum temperature requirement in applications might be no more than 95 C.
If this were the case, then past data and data in the following section would indicate that
there is no real thermal ageing problem with these materials.  However, requirements for
qualification at 125 C may present a limitation depending on the specific requirements.
For example, Figure 3 would suggest that the lubricants could be subjected to short term
thermal ageing at 125 C.  However, if a corrosion inhibition or other similar functional
test may be required after such ageing, it might be difficult to qualify the lubricant.  

Corrosion After Long-Term Thermal Ageing

Additional experiments were conducted in which the lubricants were applied 1) only to
pins, 2) only to sockets, and 3) both pins and sockets.  The samples were mated once.
Then they were subjected to thermal ageing at 100 C for 1000 hours in the mated
condition.  After the thermal ageing, the same samples were exposed to the Class II FMG
environment in the unmated condition as a worst case test of lubricant effectiveness.

The purpose of these experiments was to examine more realistic thermal requirements
and to test the thesis that the lubricant could be effectively dispersed to both surfaces
even if it were applied to only one.

There was one further objective of this work.  This was to examine the relative
performance of the lubricants from the two vendors at the “20%” concentration.
Reference should be made to an early section of this report for a more detailed discussion
of this subject that also raises the question of whether the two concentrations were really
the same.
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The results of these experiments are shown in Figures 8 through 10.  A large amount of
potentially very important information is shown.  First, the data confirm that the 20% 
formulation of the lubricant designated as LT (Lektro-Tech) does provide almost total
corrosion inhibition and does so even after thermal ageing at 100 C.  These data are in
agreement with earlier studies, but the present data have extended these results to this
connector system for which the critical difference is probably a lower contact normal
force.  These conclusions strongly reinforce the view that any qualification requirements
should begin to match the worst case use requirements.

The data also appear to show that the ILFC lubricant was not as effective as the LT even
though it clearly did reduce corrosion compared to the unlubricated condition.  The
differences between these two materials were discussed earlier .  It might be added that
there is circumstantial evidence from just the appearance of the samples that the
formulation of the ILFC lubricant provided from Sandia was substantially less than 20%.
This is the most probable explanation of the differences shown particularly in Figures 8
and 9.  Therefore, it is also probable that if these two lubricants were actually evaluated at
the same concentrations the performance would be similar.
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A second conclusion from this work involves the issue of lubricant dispersion.  The data
indicate that it may be quite sufficient to apply lubricant to only one half of a connector
system to get adequate protection on both halves.  This conclusion is in agreement with
earlier results that have suggested only a very small amount of lubricant on a surface is
sufficient to provide a high degree of protection.  Larger amounts provide little added
benefit but at least do not have adverse effects.

The third conclusion from this work is the rather clear demonstration that the actual
product used in this study is potentially susceptible to corrosion.  In fact, it appears that
this connector system would not meet current requirements, for example, for tests of
modern telecommunications connectors such as those found in Bellcore GR-1217.  These
comments are added for information only and do not indicate that these connectors will
degrade in service, since they will likely be in a mated condition.  At the same time, these
data suggest that if the local environment is sufficiently severe and can ingress into the
connector interface, this plating system can corrode.

Field Site Corrosion

Data for the lubricated and unlubricated connectors exposed at two field sites over a 1
year period are shown in Figures 11 through 17.  These data are potentially of great
importance, since they demonstrate lubricant effectiveness on an actual connector system
and for the new method of lubricant application.  It is important to recognize that these
data were obtained only for the 20% LT (also referenced as Lube 6 per earlier work).  No
conclusions can be drawn regarding what the performance of lower concentrations of the
LT or the ILFC material might have been.

Two environments were studied and it is useful to place these in proper perspective.
Both were run at the Battelle Daytona Beach facilities.  One location was an
uncontrolled, indoor environment.  According to Battelle monitoring data, this site
qualifies as a high Class II site.  This definition is important, since some available data
for Sandia applications would indicate that the typical operating/storage environments are
no more severe than Class II.  Since the degradation rate of the connectors was expected
to be low in this environment, a decision was made to use only a worst case condition of
unmated exposures.  Both halves of the connectors were lubricated and exposed.

The second site can best be described as a sheltered, outdoor exposure located about 150
meters above mean high tide line.  This site is quite severe and  rates as Class IV.  It is
unlikely that Sandia applications would be in environments this severe, but at the same
time successful exposures in a site this severe would represent an important
demonstration.  In this case, a decision was made to run both mated and unmated
connectors.
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Figure 11 shows the results for the unmated, indoor exposures on connectors without
lubrication.  These data indicate the beginnings of degradation within the 6-12 month
time period.  Although the effects were measurable,  the extent of degradation had not
progressed to a level that would normally be considered as a failed/high risk state.

Figures 12 and 13 show the effects of both the 5 and 20% lubrication levels.  These data
are important in two respects.  First, the data show that complete protection was achieved
at both lubrication levels.  These data indicate that even the 5% level might be adequate
in such environments.  At the same time, the earlier data would tend to favor the higher
concentrations.

The second feature in these data may address the question of possible effects of dust.
This concern is frequently raised in connection with the use of lubricants.  These
connectors were exposed in a location with noticeable dust collection typical of
uncontrolled environments.  In spite of this, the absence of any change in the electrical
data tends to confirm earlier conclusions by Battelle that at most dust effects may be only
cosmetic in nature.

Figures 14 through 17 show the results for the more severe outdoor exposure.  Figure 14
confirms that without lubricant protection this connector system will degrade rather



Mr. Ronald Taylor
Allied Signal
May 5, 2000
Page 21

quickly in this type of environment.  These data were for the unmated condition and it
was not too surprising that they did degrade.  

It is, therefore, fortunate that a separate mated connector system was also exposed.  These
data are shown in Figure 17, and it is somewhat surprising that for this condition there
was a significant degree of degradation even within 6 months!  Apparently, this particular
design does not provide the degree of shielding and corrosion attenuation that was
“expected”.  These are relatively new and potentially important findings.

Figures 15 and 16 show equally important data which tend to support the results of the
lab studies.  They show that both lubricants will attenuate corrosion.  However, the 20%
level is clearly favored in order to achieve complete corrosion protection.  The 5% level
is not adequate.  No extrapolation of data can be made between the 5 and 20%
concentration effects.  While the 20% level appears to be totally adequate, it is not known
whether some lower level above 5% would also be adequate.

Finally, these results cannot be extrapolated to the mated condition, and in view of the
results obtained for the mated connectors without lubrication it is unfortunate that mated,
lubricated exposures were not included.  It is reasonable to conclude that for the mated
condition the 20% concentration would have produced very favorable results.  However,
we cannot conclude whether the 5% level would or would not have been adequate for the
mated condition.

Conclusions

This study has produced new and important information related to the practical use of a
particular type of lubricant on gold plated connectors.  The results have indicated that an
87177A type lubricant can be applied in a practical manner and that total corrosion
inhibition can be achieved.

The present results would lead to the recommendation of a lubricant concentration in the
range of 20 weight percent.  While the data indicate that a much lower concentration such
as 5% may not be adequate, no conclusions can be reached about intermediate
concentrations.

The present results indicate that it should be possible to conduct soldering operations on
lubricated connectors with no adverse effects.  At the same time, the degree of lubricant
loss should be sufficiently low that corrosion inhibition can be retained.

The data have shown that this type of lubricant cannot be reliably used at long term
temperatures much above 100-105 C.  This is probably a conservative (low) range.
While it is possible that somewhat higher temperatures could be tolerated, it is clear that
exposures at 125 C are beyond the capabilities of this lubricant type.  For this reason,
careful consideration should be given to how these lubricants should be qualified in view
of the fact that Sandia applications may actually be lower than 100 C aging requirements.
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This completes our studies on this interesting project for Allied.  If you have any
questions on the contents of this report, please let me know.

Very truly yours,

William H. Abbott
Engineered Materials
Advanced Materials Group

WHA:mw
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Ronald Taylor “Connector Lubricant Qualification Report”
(5 pages)



Memorandum
Federal Manufacturing & Technologies
Kansas City, Missouri

Date: 01/15/01

To: File

From: Ronald D. Taylor  D/462  

Subject: CONNECTOR LUBRICANT QUALIFICATION REPORT

Title Page

CONNECTOR LUBRICANT QUALIFICATION REPORT 



Abstract:
This report describes qualification testing at FM&T on a lubricant designed for DOE, WR connector
applications. This effort is funded by PDP Project #706399 “Develop and Deploy Connector
Lubricant”.   The lubricant tested is MIL-C-87177A based formulation.  Other phases of the project
have documented the effectivness of the lubricant at minimizing the effects of environmental and
fretting corrosion, especially in connector applications using gold on gold contact arrangements.  The
testing was designed to verify that the lubricant would not have any detrimental impact on the physical
or electrical performance characteristics of connector performance.  Test conditions were: Low
temperature, thermal aging, durabiliity and temperature-Humidity. Contact resistance measurements
were used as the standard of performance.     

Summary
A PDP project #706399 titled “Develop and Deploy Connector Lubricant” was established at
Honeywell FM&T in corroperation with SNLA.  The development of a connector lubricant for DOE
weapons application is necessary to inhance performance, shelf life, and service life by minimizing the
effects of environmental and fretting corrosion.  This has become especially critical with the increasing
use of COTS parts and Nano connector, which inheriently have thinner platings and are more
susceptable to corrosion problems.  The formulation for the lubricant, the ideal concentration and the
solvents for cleaning have been developed and tested. The effectivness in preventing environmental
corrosion and reducing effects of fretting corrosion has been established in earlier phases of the
project.  This report documents the Qualification work accomplished at FM&T.  The goal of this
qualification is to establish that the lubricant does not have any negitive effects on the electrical
performance after exposure conditions of ; repeated use, low and high temperature and Humidity. New
SA  type rack and pannel PEEK connectors were used with contact plating of 50 micro in min Au over
50 micro in min Ni.  The base line Contact Resistance measurments were monitored on lubricated and
unlubricated samples through out the battery of testing.  The lubricant passed all tests.  No changes in
electrical performance were observed in the lubricated parts vs the unlubricated parts.  

Discussion

Scope and Purpose

The project to develop a connector lubricant as initiated to help reduce effects of envionmental
corrosion ove r time.  Several incidents were documented involving parts eight to ten years old that
removed from stores and failed visual criteria for corrosion.  During failure analysis, it was determined
that the rejected parts exceded the minimum plating requirements.  These parts are expected to have a
twenty year life in the field.  The need to enhance the shelf life and service life was obvious.  Members
of the FM&T and SNLA connector team attended courses on electrical arcs and contacts.  Corrosion
prevention and lubrication were important considerations on increasing reliablity connectors.
Lubrication techniques have been applied in industry for high rel componets for many years and most
recently studied, tested and approved for DOD applications.  Our goal was to use as much of the
current literature and testing results for develop a custom lubricant for DOE applications.  It was
known that convencing  engineers to apply a Dielectric (non conducting material) on electrical
contacts of weapons systems would not be an easy task. A PDP Project #706399 titled “Develop And
Deploy Connector Lubricant” was initiated.  The objectives were to: 



•  to formulate custom lubricant 

•  determine optimum concentration 

•  write a specification 

•  develop solvent for cleaning 

•  develop application techniques 

•  evaluate effectivness for environmental and fretting corrosion protection 

•  qualify the lubricant 

•  perform materials compatibility analysis   
The project development work has been performed at Battelle Labs, SNLA and Honeywell FM&T

Activity

This report documents the results of the MIL-C-87177A based Connector Lubricant Qualification
effort conducted at FM&T.  Development work on this project is funded by Adapt project #706399
“Development Of A Lubricant For Connectors”. 

Previous work on this project has documented the benefits derived from the use of the lubricant.
The lubricant has been shown to significantly reduce effects of environmental and fretting
corrosion.  This battery of Qualification testing is designed to document that the lubricant does not
have any negative effects on the electrical performance after repeated use, long term aging or
exposure to various temperature and humidity conditions. 

Qualification Test Design: Seven pairs of PEEK SA2287-7 & SA2288-7 (21) contact connectors
were used. The connectors selected for this testing were manufactured by VISHAY/DALE
Yankton, SD, and had been molded with PEEK insulation material.  For all of these connectors,
individual electrical wires, about 24” long, were soldered to each contact’s solder cup on the rear
face of the connector.   Each of the 147 contacts could then be treated as separate contacts when
mated.  Lubricant was applied to six pairs of connectors and one pair was left un-lubricated as a
control.  (126 contacts were lubricated, 21 were not lubricated). The contacts were mated and
individually numbered.  

Contact Resistance (CR) was determined to be the parameter that would be used to measure
electrical performance.  Increased contact resistance would indicate degradation in the electrical
contact performance.   Initial contact resistance measurements were taken and recorded for
comparisons with values at the end of the testing.

Testing consisted of the following four test groups.

1. Low Temperature Performance: Lower the temperature from +30 C to –60 C deg.
measuring CR every 10 C deg.  Repeat measurements on heating  -60 C to +30 C deg.
measuring every 10 C deg. – Document all (CR) measurements and record (CR) values at
the end of the temp cycle testing as endpoints data.

2. Thermal Aging:  +100 C deg. for 1000 hours -- measure & record (CR) as endpoints.



3. Durability Cycle:  Subject samples to 100 cycles of insertion / withdrawal – measures &
record endpoints (CR) data.

4. Temperature – Humidity   Mil. Std 202 method 106 (less step 7)   +25 C to + 65 C 10 cycles
at 85% Humidity – measure and record endpoints CR data.

Analysis of Results:

Visual inspection at the conclusion of the testing revealed the following results: 

The inspector commented that all lubricated contacts appeared dirty like they were covered with
grease.  This was expected and did not affect electrical performance.  The lubricant did not appear
to adversely affect the PEEK insulation material.  There was no evidence of cracking, crazing,
srinkage, or other visual criteria that was different from the non-lubricated sample.  

The electrical performance:

 Ideally we would expect to see either no change or a very minimal increase in the contact
resistance values.  Which would indicate that the contact performance remains constant and no
aging induced corrosion effects were indicated.  

Contact Resistance, remained stable at the conclusion of the qualification testing, as compared the
pre qual base line (CR) measurements.  Post testing, (CR) values, at the end of each battery of tests
also remained stable.  At final Points testing, every contact had a slightly lower (CR) than the initial
value, for both the lubricated and non-lubricated contacts.  

This small reduction in (CR) values we attributed to a variation in the test conditions at Pre and Post
testing.   The lower Relative Humidity (RH) 26% during post testing could provide a minimal
reduction in the (CR) readings versus (45%) in the pre test.  The test condition requirements are to
maintain (50%) or less (RH).   

Initial (CR) measurements were in the 92.1 to 93.8 Milliohm range.  Final end points measurements
were in the 91.5 to 93.1 Milliohm range. The environmental test conditions were 76 deg F and RH
of 45% for the initial testing done in Oct 1999, and 73 deg. F and RH of  26%  for the final end
points done in Dec 1999.

The conclusion drawn as a result of these qualification test is that the lubricant characteristics
remained stable and performance did not degrade with exposure to various durability, temperature
and humidity conditions.  

Previous tests using this lubricant, performed by FM&T, Battelle and SNLA, funded through this
Adapt project, have been very encouraging.  Data so far has documented significant performance
enhancement achieved by the use of this lubricant.  During 1-year field studies, exposure to mixed
gas environments, life testing and Fretting studies the lubricant has demonstrated that it can
significantly reduce effects of environmental and Fretting induced corrosion.  Details of these
studies will be documented in later reports as the work is finalized.

See attachments for summary of results, charts and raw data.

Ronald D. Taylor      D/462  Staff Engineer



SUMMARY OF THE CONNECTOR LUBRICANT 

         QUALIFICATION RESULTS 

           Contact Resistance Readings       All readings are in MilliOhms

NON LUB PRE
mΩ

NON LUB POST
mΩ

LUB PRE TEST
mΩ

LUB POST TEST
mΩ

N=21 N=21 N=126 N=126
MEAN 92.60 *92.00 92.60 *92.05
STD DEV 0.2350 0.2407 0.3200 0.3200
MIN 92.2 91.6 92.0 91.4
MAX 93.0 92.4 93.9 93.1

* NOTE:  The “Post Testing” readings were done 12/99 with the Relative Humidity at 26% RH
verses 45% RH for the “Pre Tests” readings taken 10/99   This probably accounts for the slight drop
in “Post Test” readings in all of the results.

The test results support our premise that the lubricant does not have any
degrading impact on electrical performance after exposure to life, temp
cycling, humidity and insertion withdrawal testing.                  

RDT            1/12/2000

MYDOC  lub tech report 1-16-02
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Appendix K

Ginger De Marquis, “Final Progress Report (after the last - 150th thermal cycle): Qualification of
MIL-L-87177 for Use as a Corrosion Inhibitor and Lubricant on WR Nano-connectors.”

(8 pages)



Exceptional Service in the National Interest

Operated for the U.S. Department of Energy by

Sandia Corporation
P.O. Box 5800
Albuquerque, New Mexico 87185-0523

date: October 25, 2001

to: Distribution

from: Ginger De Marquis, MS-0523 (01733)

subject: Final Progress Report (after the last - 150th thermal cycle): Qualification of
MIL-L-87177 for Use as a Corrosion Inhibitor and Lubricant on WR
Nano-connectors .

Executive Summary:  Throughout this study, there were no functional failures on
either boards or connectors. Additionally, there was no significant amount of
lubricant found in the head-space gas from any of the canisters, nor was any
significant amount of lubricant found on the glass slides (representing optical
windows). The presence of lubricant had no affect on the ability of the DEB hydrogen
getter to take up hydrogen.

Materials and parts underwent 150 thermal cycles ranging from 71oC to –40oC in
sealed canisters. Functional boards with nano-connectors, key questionable materials
(i.e. DEB getter) and glass slides were thermal cycled in canisters with and without
the lubricant. After every 25 thermal cycles:
• The boards were functionally tested.
• The gas in the canisters was analyzed for trace lubricant and/or degradation products

of the lubricant.
• Glass slides were extracted with solvent and analyzed using mass spectroscopy to

determine whether or not the lubricant would migrate and condense onto other
surfaces.

• DEB getter material was analyzed to determine its ability to take up hydrogen.

Conclusion: The results of this study demonstrate that MIL-L-87177 does not interfere with the
functionality of certain electrical components (W87 JTA board using nano-connectors) or optical
components (optical switch in a UC1530 communication module operating between 850- 900nm).
Additionally, the historical data generated by the Airforce, Battelle, Bell Labs and NMSU Advanced
Interconnection Laboratory demonstrate that 1) this material has no adverse interactions with a wide variety
of plastics and metals, and 2) this material is beneficial towards reducing corrosion in connectors, including
fretting corrosion in nano-connectors. Based on this data, I recommend that this material be qualified for
use as a corrosion inhibitor and lubricant on WR nano-connectors.



Distribution - 2 -

Purpose of Study: To gain an understanding of the long-term aging and material
compatibility characteristics of the lubricant (MIL-L-87177) so that we might
recommend its qualification for WR use. To that end, we have developed a test plan
that will answer the following questions:

• Will the lubricant ever migrate?
• Will the lubricant interfere with the functionality of the electrical connectors?
• Will the lubricant have any material compatibility issues with other systems?

(i.e. getter material or optical switches)

Philosophy Behind Test-Plan: We are confident, because of the vast amount of data
generated by the Airforce, Battelle and Bell Labs, that this material has no adverse
interactions with a wide variety of plastics and metals. Consequently, this study will
only include the lubricant, nanoconnectors, glass slides (to stand in for optical
switches) and getter material (DEB).

Materials and parts will be thermal cycled in sealed canisters. Functional boards with
nano-connectors, key questionable materials (i.e. DEB getter) and glass slides will be
thermal cycled with and without the lubricant. After every 25 thermal cycles:
• The boards will be functionally tested.
• The gas in the canisters will be analyzed for trace lubricant and/or degradation

products of the lubricant.
• Glass slides (duplicate samples) will be extracted with solvent and analyzed using

mass spectroscopy to determine whether or not the lubricant will migrate and
condense on other parts.

• DEB getter material will be analyzed to determine its ability to take up hydrogen.

Results: We have completed the 150th and final thermal cycle in this study. At 25 cycle
intervals, a variety of tests were performed to monitor the functionality of the boards and
connectors as well as to determine if the lubricant or any degradation product of the
lubricant had migrated. Throughout this study, all the boards passed the electrical
functional testing and continued to function properly. After the 100th cycle, the
connectors in canisters 5 and 6 tested slightly high for contact resistance (15% increase).
These high readings were attributed to an increase in ambient humidity (the humidity was
at 50% —usually these measurements are taken at less than 40% humidity). After the
next set of thermal cycles was completed (125th cycle), the contact resistance for these
connectors had returned to normal (less than 0.4mV drop in voltage with constant 100mA
current applied). Because contact resistance readings did return back to normal when
tested at less than 40% humidity, we considered these connectors to be unaffected. They
also tested normally after the 150th cycle was completed.

There has been no significant evidence of lubricant in the head-gas samples from the
canisters. Additionally, throughout the study, there has been no significant amount of
lubricant found on the glass slides.
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DEB is a hydrogen getter that is placed throughout certain weapons for the purpose of
trapping hydrogen (a gas that will embrittle metals such as stainless steel) that is
produced by some systems. Upon completion of the 125th and 150th thermal cycle,
samples of hydrogen getter were analyzed for its ability to take up hydrogen. Each
sample of DEB was found to be very active which is typical for getters in particle form.
The DEB seems to be unaffected by the presence of very small amounts of the
MIL-L-87177 lubricant.

It was noted during this study that the lubricant, when taken directly from the can, is a
clear yellow liquid. In order to acquire the thick samples that we desired for the optical
study, we left some samples out to evaporate in the air. We found that the evaporated
residue turned a dark blue color over the course of several days when left out in the air.
We repeated the optical study using copious amounts of the blue lubricant residue applied
onto the optical switch in a UC1530 communication module and found it to be
transparent in the wavelength of interest (between 850 and 900nm). The fact that this
product turns color when left out in the air should be noted, but not considered a problem
in the context of our application. We will never allow large puddles of this material to
stand on a component. For this study, a 6% solution of lubricant (as it came from the
manufacturer) was applied using a paintbrush. For future work, we may want to refine the
application technique as well as the percent concentration of lubricant in solution.

Acknowledgements: Thanks go out to Ron Taylor, Micky Clifford, Ed Fuller, Joe
Laoruangroch, Anna Crabtree, Mike Conley, Charlie Cook and Charlie Long at
Honeywell. Thank you Brian Geery (SNL-Org 2125) for working with us to collect
the spectroscopic data on the UC1530. Thanks also go out to Jim Hanlon for his
helpful consultations.
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Test Matrix and Results
Cycle # Electrical Functionality Head-Space GC/MS on

Gas in Canister
DEB Hydrogen
Uptake

MS on Glass Slide Extract

25th Passed all electrical tests--
the boards continue to
function properly.

No significant evidence of
lubricant or constituents of
lubricant in the canister
gas.

Not Tested Not Tested

50th Passed all electrical tests--
the boards continue to
function properly.

No significant evidence of
lubricant or constituents of
lubricant in the canister
gas.

Not Tested Levels of lubricant were
barely above background
signal.

75th Passed all electrical tests--
the boards and connectors
continue to function
properly.

No significant evidence of
lubricant or constituents of
lubricant in the canister
gas.

All samples
easily passed
acceptance
criterion.

Not tested.

100th Passed all electrical tests--
the boards and connectors
continue to function
properly.

No significant evidence of
lubricant or constituents of
lubricant in the canister
gas.

All samples
easily passed
acceptance
criterion.

Levels of lubricant were
background signal level.

125th Passed all electrical tests--
the boards and connectors
continue to function
properly.

No significant evidence of
lubricant or constituents of
lubricant in the canister
gas.

All samples
easily passed
acceptance
criterion.

Not tested.

150th Passed all electrical tests--
the boards and connectors
continue to function
properly.

No significant evidence of
lubricant or constituents of
lubricant in the canister
gas.

All samples
easily passed
acceptance
criterion.

Levels of lubricant were
background signal level.
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Test Matrix

Control 1 2 nano-connectors on test
component (W87 JTA
board), 10 glass slides
stacked in a fixture so they
aren’t shadowing each other.
17 g DEB. Back-fill canister
with dry nitrogen.

Nano-connectors
unlubricated

Control 2 2 nano-connectors on test
component (W87 JTA
board), 10 glass slides
stacked in a fixture so they
aren’t shadowing each other.
17 g DEB. Back-fill canister
with dry nitrogen.

Nano-connectors
unlubricated

3 2 nano-connectors on test
component (W87 JTA
board), 10 glass slides
stacked in a fixture so they
aren’t shadowing each other.
17 g DEB. Back-fill canister
with dry nitrogen.

Nano-connectors
lubricated with
ML-L-87177

4 2 nano-connectors on test
component (W87 JTA
board), 10 glass slides
stacked in a fixture so they
aren’t shadowing each other.
17 g DEB. Back-fill canister
with dry nitrogen.

Nano-connectors
lubricated with
ML-L-87177

5 1 connector (male/female),
10 glass slides stacked in a
fixture so they aren’t
shadowing each other. 16 g
DEB. Back-fill canister with
dry nitrogen.

Amphenol
Connector set:
SA1529-5
&SA1530-5
lubricated with
ML-L-87177

6 1 connector (male/female),
10 glass slides stacked in a
fixture so they aren’t
shadowing each other. 16 g
DEB. Back-fill canister with
dry nitrogen.

Amphenol
Connector set:
SA1529-5
&SA1530-5
lubricated with
ML-L-87177
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Thermal cycle profile:
• Starting at room temperature (25oC), ramp up to 71oC using a 1oC/min ramp-rate.

Hold at 71oC for 2 hours.
• From 71oC, ramp down to –40oC over the course of 2 hours (1oC/min ramp-rate).

Hold at
–40oC for 2 hours.

• From –40oC, ramp up to 71oC over the course of 2 hours (1oC/min ramp-rate). Hold
at 71oC for 2 hours.

• Repeat steps 2 and 3 until 150 cycles have been completed.

Application of Lubricant
The lubricant was applied full strength (4% lubricant package diluted with 96%
Freon) with a small paintbrush.

Electrical Functional Testing
The circuit board run in the Lubricant Material Compatibility tests is a W87 JTA, MITSI-
12 VER.1 – 12-bit Multi-Channel Intelligent Time Division Sensor Interface.  It contains
a Nanonics (STM009P6SN) connector which was treated with MIL-87177 lubricant at a
full concentration level as it was supplied by ILFC.  The following functional tests were
run on the MITSI-12 board to verify its continuing operation.

• DIGITAL TEST verifies the digital communications between the module and the
tester.

• ACCELEROMETER TRANSFER provides data for the input-to-output transfer
function of the accelerometer channel.

• TEMPERATURE TRANSFER provides data for the input-to output transfer
function of the temperature channel.

• ACCELEROMETER AND TEMPERATURE CALIBRATION checks to see that
the accelerometer and temperature data outputs are properly calibrated.

DEB-Hydrogen Getter: DEB is a hydrogen getter that is placed throughout the weapon
for the purpose of trapping hydrogen that is produced by some systems. If hydrogen is
allowed to linger next to metal surfaces, it will react with the metal and form a metal
hydride, which will embrittle the metal and eventually cause cracks and failures.

Upon completion of the 75th and 100th thermal cycle, samples of hydrogen getter (75%
1,4-bis(phenylethylnyl)benzene (DEB) blended with 25% by weight palladium catalyst
on carbon) was analyzed for its ability to take up hydrogen. The role of the catalyst in the
hydrogen getter is crucial. It is known that certain chemicals can poison the catalyst and
render the hydrogen getter ineffective.  Since we have no materials compatibility
information concerning how trace amounts of the lubricant might affect the catalyst in the
DEB mixture, we have included the DEB getter package in our study.

Each sample of DEB was found to be very active which is typical for getters in particle
form.  The DEB was placed in a Parr bomb where it was evacuated to less than 1 mmHg
and then backfilled with a known amount of hydrogen. The DEB was considered good if
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it took up 35% of the theoretical capacity within 4 hours. All samples easily met this
criterion for acceptance.

Additional Spectroscopic Experiments - Effect of MIL-L-87177 Lubricant on the
Optical Switch in a UC1530 Communication Module: In addition to the experiments
outlined in the existing test matrix, we also had an opportunity to get direct results on
how the lubricant would affect the output signal power in an optical switch. Specifically,
we were able to apply the lubricant onto a polycarbonate window (such as that used in a
UC1530 Communication Module) and measure the affect that copious coatings of the
lubricant had on the signal output. The wavelength that the UC1530 communicates at is
between 850 and 900nm. The transmitter output intensity was 330 milliwatts/steradian
(mW/Sr).  The path length in this experiment was 36.8 cm. With just air in the path
length, the signal was 100%. With the clean polycarbonate window in front of the
receiver, we saw a 6% drop in signal. Several coats of lubricant (visible to the eye)
applied to the polycarbonate window did not affect the signal intensity. It was not until
we applied an extremely heavy amount of lubricant that we saw about a 3-4% drop in
signal. This amount of signal drop will have no significant effect on the functionality of
this optical switch. For a switch of this type to fail, there would have to be a drop in
signal power of over 50 percent.

References:
1. G. De Marquis, “Progress Report: Qualification of MIL-L087177 for Use as a
Corrosion Inhibitor and Lubricant of WR Nano-connectors.” April 24, 2001.

2. G. De Marquis, “Progress Report: Qualification of MIL-L087177 for Use as a
Corrosion Inhibitor and Lubricant of WR Nano-connectors.” February 20, 2001.

3. George Kitchen, “The Evolution of a Water Displacing Corrosion Preventative
Lubricant” NACE (National Association of Corrosion Engineers) conference, April
2000.

4. W. H. (Bill) Abbott, “Corrosion Monitoring of Air Force Field Sites and Effects of
Lubrication on Corrosion Inhibition” NACE conference, April 2000.

5. David H. Horne, USAF F-16 Fuel Systems Engine, “Catastrophic Uncommanded
Closures of Engine Feedline Fuel Valve from Corroded Electrical Connectors”
NACE conference, April 2000.

6. Neil Aukland of The NMSU Advanced Interconnection Laboratory and James
Hanlon of Sandia National Laboratories, “MIL-L-87177 and a Commercial Lubricant
Improve Electrical Connector Fretting Corrosion Behavior.” NACE conference, April
2000.

7. Bill Abbott at Battelle, “Evaluation of Lubricant Effectiveness for Corrosion
Protection and Improved Reliability of Electrical and Electronic Connectors” Final
Report to Hill Air Force Base, Contract No. F04606-89-D-0034-RZ05, August 28,
1996.
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Appendix L

Bryan Balazs, “Assessment of compatibility issues associated with the use of electrical
connector lubricant MIL-L-87177A”

(3 pages)



University of California                  Weapon Materials Compatibility and Aging Group
Lawrence Livermore              Chemistry and Chemical Engineering Division
National Laboratory                    Chemistry & Materials Science Directorate

MEMORANDUM:  September 11, 2000

TO: Distribution

FROM: G. Bryan Balazs

SUBJECT: Assessment of compatibility issues associated with the use of electrical

connector lubricant MIL-L-87177A

Summary
We have been asked to provide an assessment of any negative compatibility issues that could arise
as a result of the use of the electrical connector lubricant MIL-L-87177A in the non-nuclear section
of various DOE systems.  This lubricant would typically be applied very sparingly to micropin
connectors during assembly, and traces of the material would remain on the connector and thus be
captured in the weapon’s internal atmosphere for its lifetime.  Our assessment is based on an
analysis of the chemical constituents of the lubricant and on accumulated expertise in scenarios
such as this one.  We foresee no detrimental compatibility issues, although it is suggested that a
rigorous set of compatibility tests involving this lubricant system with appropriate materials would
increase the confidence that there are no negative issues associated with the use of this lubricant.
We make this assessment without reference to specific materials found in specific weapon systems
(with the exception of a getter discussed below), but rather from a general compatibility standpoint
relevant to organic species commonly found on LLNL systems.

Composition        of       the       lubricant

The constituent materials of MIL-L-87177A lubricant have been provided to SNL by International
Lubrication and Fuel Consultants, but they are proprietary to the company and we will not list them
in this report.  If you need to know more about the composition of the lubricant, please contact one
one of the authors.

Compatibility       Assessment
Of these materials comprising this formulation, the majority (by weight) are diluents for the actual
lubricant. However, experience with organic chemicals and weapon systems in general has shown
that virtually all materials used in conjunction with assembling a weapon can be found in the
system’s internal atmosphere (oftentimes in only trace quantities).  It should be noted at this point
that the intended usage for this lubricant formulation calls for only minute quantities to be applied,
and thus it is not expected that there will be significant quantities of any of the chemical
components to begin with.  Typical applications might be on the order of milligrams, with the
majority of this quantity being the carrier Freon.

Freons are relatively volatile and thus would likely be vaporized shortly after application, although
trace quantities would likely be sealed up in the weapon internal atmosphere.  It is not believed that
any negative compatibility issues would arise with this material, especially given the extremely low
concentrations likely to exist.  The lubricant oil itself, poly 1-decene, is highly nonvolatile and thus
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would not be expected to migrate substantially.  The other materials (additives and stabilizers) are
either solids or relatively nonvolatile liquids, again in trace quantities.  No general problems can be
foreseen with these additives, but we do raise a note of caution for some of them in conjunction
with the hydrogen getter DEB.  This hydrogen getter (in powder form) consists of 75 wt% of 1,4-
bis(phenylethynyl)benzene (DEB) blended with 25 wt% of a carbon-supported Pd catalyst; this
catalyst is in turn 5% palladium and 95% activated carbon.  The role of the catalyst is crucial, and it
is known that certain chemicals can poison the catalyst and render the getter ineffective.  For
example, carbon monoxide is a poison2, and there are other potential poisons with amines and
sulfur compounds.  Thus, some caution is raised by the last two components in the formulation list
above.  Again, given the low volatility and extremely small quantities of these species, it is unlikely
that they would have a detrimental effect on the getter unless inadvertently placed in direct contact
with each other.  It is suggested that specific individuals more familiar with getter poisons3 be
contacted for further information.

REFERENCES
1 from an email from Ginger De Marquis (SNL-NM) to Bryan Balazs, July 31, 2000.
2 from an email from Jim Schicker (Honeywell FMT) to Bryan Balazs, August 4, 2000.
3 E.g., Gene Mroz (LANL)
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Appendix M

MIL-L-87177A, February 9, 1990.
(18 pages)
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