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ABSTRACT

The Aerospace Guidance and Metrology Center |ocated at Newark Air
Force Base in the state of Chio, U S.A, repairs inertia

navi gation and guidance equipnment for the United States Air Force
The Center repairs thousands of the delicate, sophisticated

el ectronmechani cal devices each year. The critical tolerances of many
of the noving parts and other considerations nmandate extensive
“precision*’ cleaning as well as general cleaning during the repair
process. The principal solvents used for this cleaning are
1,1,2-Trichloro |, 2,2-trifluoroethane and 1,1,1-Trichloroethane. The
Center has begun modifying its many cleaning processes to use known
alternatives for these solvents. The Center has already converted
several processes to deionized water and biodegradabl e detergents

and has comnmitted extensive internal resources to define and

i mpl ement  changes throughout its remaining processes. Wile this
effort has not been easy, it has made visible sone specia

considerations which will ease and expedite the transition in the
future.

| NTRCDUCTI ON

The Aerospace Guidance and Metrology Center is located in the state
of Chio, U S A, at the Newark Air Force Base. It is a repair center
inthe US Ar Force Logistics Command.

The Center has two primary nissions. The first is the repair of
inertial guidance and navigation systems and conponents used by nost
mssiles and aircraft in the US. Ar Force inventory. The inertia
systens and conponents of several foreign countries are also repaired
at the Center. The secoad mission is the managenent of the U S Ar
Force Single Integrated Metrology and Calibration Program worldw de.

The Center is conprised of, for the nost part, one large building
covering approximately fifteen acres. Wthin this building are a

| arge nunber of smaller structures totalling over 294,000 square feet
of floor space. These structures have strictly controlled
environments and contain a vast array of conplex repair operations.




The sophisticated el ectronmechani cal devices that form the nucleus of
inertial systems are extremely susceptible to minute contam nation.
Particles five microns or less in size can cause a systemto fail

As a result, great care nust be taken to assure a clean repair

environnent. O course, during the repair process it is necessary to
carefully clean the parts being assenbl ed.

The Center’'s industrial processes require extensive use of solvents
to meet these cleaning needs and for other specific purposes. Anong
the solvents used are CFC-113, specifically Freon 113, and
l,1,1-Trichloroethane. Freon 113, a chlorofluorocarbon

(1,1,2-Trichloro |, 2, 2-trifluoroethane) is a trademark of E.I.Du
Pent Nenours and Co., Inc.

Once used, Freon 113, like many of the solvents, is considered a
hazardous waste. The Center reprocesses nost of the Freon 113 it
uses to virgin quality through a sophisticated distillation system
but a significant portion is lost through evaporation and hazardous
waste disposal. Historically, the Center has used over two mllion

pounds of Freon 113 annually. O this amount, over six hundred
thousand pounds have been purchased to replace that which was |ost.

Freon 113, in addition to being a hazardous waste, is a serious
threat to the atnosphere. Its inpact on the ozone layer has
generated action to curb its production and use worl dw de.

Freon 113 now costs the Center $2.37 per pound ($31.05 per gallon).
This is 395% of the cost a year ago ($0.60 per pound). In addition,
the cost of recovery of vapors fromthe Center-s industrial

processes, the cost of hazardous waste disposal, and the cost of
reprocessing used Freon 113 contribute to the total cost of its use.
The cost of using Freon 113, the threat of even higher cost resulting
from reduced availability in the future, and the environnmental issues
have caused the Center to take an aggressive role in finding
alternatives for this and other hazardous solvents.

For the past three years, Center personnel have been engaged in an
intensive evaluation of equipnent, techniques, and processes to
identify suitable alternatives for a variety of solvent uses. These
sol vent uses include, in addition to cleaning, |eak testing and
conponent cool i ng.

LEAK TESTI NG

Freon 113 is used in several processes at the Center as a “gross”

| eak checking nmedium Assenblies which have been repaired and wll
subsequent |y be hermetical |y sealed With an inert gas internal to the

assembly must be tested to assure the integrity of the externa




shell, or case, of the assembly. One of the steps in doing this

i nvol ves checking for the existence of gross |eaks. To performthis
check, the assenmbly is pressurized with inert gas and submerged in a
tank containing Freon 113 or FC 77 Fluorinert Brand El ectronics
Liquid. (FC-77 is produced by 3M St. Paul, Mnnesota). The
technician then watches for bubbles which indicate the presence and

| ocation of a |eak.

After considerable experinentation, it was determned that the sane
qual ity of leak detecting ability, t.e. size and quantity of bubbles
could be obtained using a mxture of surfactant and dei oni zed water
as the medium The surfactant thus far found to be nost effective
for this purpose is Triton X-100 and the mxture strength is 0.2
percent. (Triton X-100 is manufactured by the Rohm and Hass Conpany,
Phil adel phia, PA.) After the assenbly is removed fromthe tank, it
Is placed in a vacuum oven and thoroughly dried. The externa
surfaces of the assenblies which are currently |eak checked do not
require precision cleaning and, with the same frequency of change of
the tank medium the water and surfactant mixture results in no nore
surface contamnation as a result of the dipping than does the Freon
113.  Also, no corrosion has been noted as a result of this

t echni que.

One | eak checking process has been changed to use the water and
surfactant mxture and is working very satisfactorily. The other
processes are now being examned with the intent to change themin
the near future.

COVPONENT  COOLI NG

The Center repairs thousands of electronic circuit boards annually in
addition to the repair of the extensive array of electronic test

equi pment used in 1ts operations. (ne of the diagnostic techniques
used to locate and identify faulty circuit conponents is therma
shock. This is typically done using an aerosol can of rapidly
evaporating solvent. These aerosol cans of solvents are referred to
generically as “freezing conpounds”. \Wen the solvent evaporates, it
qui ckly drops the tenperature of the conponent upon which it was
sprayed. Dichlorodifluoromethane (CFC-12) is one of the commonly
used solvents for this purpose. These freezing conpounds drop the
tenperature to approximately -60 degrees Fahrenheit.

The Center’s engineers have tested a nmechanical device using
conpressed air as an alternative in many situations for the sol vent
used to cool conponents. The device tested, called Conmponent Cool er,
was made by Exair Corporation, Cincinnati, Chio. It uses a Vortex
tube to produce cold air. At an input air pressure of 80 psig it

will drop the output air tenperature below -28 degrees Fahrenheit and
the air pressure to approxinately 2 psig. Testing to date indicates




that this tenperature drop is sufficient to duplicate the vast
mpjority of the faulty conponents identified with the freezing
conpounds. In addition, there is no neasurable static charge
resident in the discharged air. The freezing conpound stream enitted
fromthe plastic tube supplied with the cans has been found to have a
consi stent static charge ranging from 50 to 600 volts

Battelle Menorial Institute, Columbus Operations, Colunbus, Chio wll
be conducting a thorough evaluation of the Conponent Cooler for use
in diagnostic testing of electronic circuits on behalf of the US.
Environmental Protection Agency during 1991. The testing will be
done using the set up at the Center.

Anot her device being evaluated at the Center for use in conponent
cooling for diagnostic testing purposes is made by the Brymill
Corporation, Vernon, CT. It is naned Cryogun and is a small hand
hel d dewar containing liquid nitrogen. It is designed to give the
technician conplete and easy control over the discharge of a small
stream of nitrogen through various nozzle arrangements. It has the
advantage of being totally portable and convenient to use. |t has

t he disadvanta%e at the present time of requiring very careful
attention by the technician to avoid dropping the tenperature to too
low a value. It appears to have application for several non critica
cooling processes at the Center, and, with some design changes, could
have broad application. The discharged nitrogen gas fromthe Cryogun
is also static free and has the additional advantage of being |ess
hydrophilic then either the freezing conpound or the air.

CLEANI NG

The Center's repair processes, as nentioned above, require extensive
cl eaning. The overwhelming majority of the Freon 113 and
1,1,1-Trichloroethane used at the Center is used in these cleaning
activities. The solvents are used in a wide variety of different
types of cleaning operations. These can be summarized as flushing,
bench, vapor decreasing, ultrasonic, and inpingement spray booth
operations.  Flushing operations involve the flow ng of solvent
through the assembly or system bein? cleaned for a defined period of
time. Bench operations enconpass all cleaning activities

acconplished by a repair technician at a work station using solvent
for spot cleaning.

The Center has done extensive work testing aqueous processes as
alternatives for ozone depleting solvents in the critical, or
precision, cleaning of metal parts and assenblies of various
conpositions. The term “precision’” cleaning, as used at the Center,
enconpasses the removal of particles 10 mcrons or less in dianeter,
the preparation of surfaces for ensuing processes where the quality
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of the ensuing process is dependent on the cleanliness of the
surface, where wear between nmoving parts is a concern, and other
special concerns involving “cleanliness”.

This work has proven beyond any doubt that aqueous processes are,
indeed, suitable for precision cleaning of parts and assenblies
consisting of netals, epoxies, plastics, and other materials.

Many |essons were learned as a result of the thoroughness required to
verify that the aqueous processes were suitable as substitutes for
ozone depleting solvent based processes and, subsequently, “’proving”
to managenent that this was the case. These |essons have caused the
Center to not only consider the use of aqueous processes as its
principal alternative for ozone depleting solvents, but also to
change the basic philosophy of cleaning in its operations.

Prior to the aqueous process investigation, each technician at
the Center did his own cleaning for the parts he was working wth
in the area where he was doing the work. This included all
precision cleaning as well as all non-precision, or general

cl eaning. Over many years w th hundreds of technicians
performng their own cleaning, as nany different cleaning

“techni ques” devel oped as there were technicians. Such a

situation is extremely difficult to control for consistency and
uniform quality.

Now the Center has adopted a new approach. Precision cleaning will
be done in a central Precision Cleaning Center. Only genera
cleaning will be done in the various production areas. The C eaning
Center concept provides several positive inprovements to the repair
operations. O course, since fewer areas will be involved, it
mnimzes the expense involved in providing the equi pment and
facilities required for converting to aqueous based precision
cleaning. It was learned early in the Center's efforts that the
aqueous process worked extremely well for precision cleaning, but
only if the various elements in the entire process were closely
controlled; the centralized Ceaning Center concept makes this much
easier to nonitor. Also significant is the fact that a very small
nunber of people will be doing the cleaning. This pernits a
significantly higher degree of quality control fn the operation; the
cleaning is uniformand consistent. Long term benefits in the

reliability of the repaired itens are expected to result fromthis
change in concept.

One Precision Ceaning Center has been put into operation and another
is planned to go into operation in 1991. The Ceaning Center concept
is still evolving and inprpvements are being added as they are

devel oped.




The Cleaning Center is situated in an environnent that is maintained
to better than a Class 10,000 Cean Room particle count. (A dass
10,000 Cean Roomis defined as having |less than 10,000 particles
which are 0.5 microns in diameter or larger per cubic foot.)

The flooring is an elevated platform conposed of two foot square
panels that are static electricity dissipative. The technicians wear
static electricity dissipative shoes which are put on when entering
the Ceaning Center and renoved when leaving it. To qualify as
static electricity dissipative, the floor and the shoes nust have a
resistance to ground in the range of 1 to 1,000 negohms. The

conmbi nation of static dissipative flooring and shoes reduces the
incidence of electrostatic charges on the technicians, and, as a
result, the effect of electrostatic fields is reduced as a nechanism
for recontamnating the parts which have been cleaned

The Ceaning Center is supplied with deionized water for all of its
cleaning operations. The deionized water is maintained to a ninimm
resistivity of 15 megohms. The quality of the water is critical to
the process. The Center’'s research found that when the water fel
bel ow 10 negohns resistivity, the parts being cleaned showed signs of
corrosion, stains, and tarnish. These problens were not exhibited
when the water resistivity was above 10 negohns.

A low volume, rapid recovery hot water system heats the deionized
water to 155 degrees Fahrenheit for use in the Ceaning Center. The
water is filtered through 0.2 mcron absolute filters before use

The principal cleaning device in the Cleaning Center is a self
contained cleaning system that cleans with ultrasonic energy using

bi odegradabl e detergents and water ian a cylindrical cleaning

chanber. The ultrasonic cleaning action is produced via cavitation
by a cylindrical space-lam nated magnetostrictive nickel design
transducer which forms the cleaning chanber. The ultrasonic cleaner
operates nomnally at a frequency of 20 kHz with a uniform power
intensity of 400 watts per gallon. The cylindrical cleaning chanmber
ts 10 inches in diameter and 14 inches deep. Adjustable timers
control wash and rinse cycles. A solution of pure water and
detergent from one of two holding tanks is punped into the cleaning
chanber to begin the wash cycle. The solutions in the two holding
tanks are continuously filtered through 0.5 mcron absolute filters
and are maintained at 160 degrees Fahrenheit. \Wen the wash cycle is
conplete, the detergent and water are drained back to the hol ding
tank. Deionized water is passed over the parts during the rinse
cycle to flush away detergent and |oosened particles. The ultrasonic
action continues during the rinse cycle. (Tw sources for ultrasonic
cleaning equipment with these characteristics are Magnasonic Systens,
Inc. , Xenia, Chio, US A, and Friess Equi pment, Inc., Akroan, Chio,
USA)




An aqueous spray booth is also located in the Ceaning Center. It
contains a reservoir of heated water and detergent solution. \Wen
used, the solution is passed through a 0.2 mcron filter. After use,
the solution is returned to the reservoir for reuse. The spray
pressure is variable between 0 and 160 psig. After spraying with the
solution of water and detergent, the technician can rinse with heated
dei onized water. The spray booth with specially designed nozzles
permts precleaning of recessed screw holes and other irregularities

in a part’s geometry prior to final cleaning in the ultrasonic
cl eaning equi pnent .

The parts are renoved fromthe cleaner and are placed in a Cass 100
laminar flow booth. (Air through a Cass 100 laminar flow booth has
less than 100 particles 0.5 microns in dianeter or |arger per cubic
foot.) In the laminar flow booth, the parts are blown dry with dry,
heated nitrogen. The nitrogen is filtered through a 0.5 nmicron
filter and passed through a nuclear ionizing element to neutralize
any electrostatic charge in the nitrogen or on the surfaces it cones
in contact with., The parts are then transferred to a vacuum oven
where they are conpletely dried. The vacuum oven is operated at a
nom nal 160 degrees Fahrenheit and a vacuum of 30 inches of nercury.
The drying time used for nost parts is one hour. After drying, the
parts are placed in a second O ass 100 laminar fl ow booth where they
are packaged.

The Center's evaluation of the aqueous process has denonstrated
conclusively that with the proper quality of deionized rinse water,
proper water tenperature, proper filtering of rinse water and
detergent solutions, proper timng of wash and rinse cycles, proper
sel ection of detergent, and proper orientation and |oading of parts
in the ultrasonic cleaning chanber, no degradation, either chenica
or nmetallurgical, results In either the near or long term

Several ozone depleting solvent based cleaning processes for
gyroscopes have been successfully changed to aqueous cleaning at the
Center. The gyroscope parts cleaned with the aqueous process include
ginbal rings, float shell halves, fill tubes, end bell covers, and
gaskets. In addition, mniature precision instrunent bearing
assenblies from nost of the inertial guidance and navigation systems
repaired at the Center are now cleaned using the aqueous process

The various parts consist of copper, jewels, various epoxies and

plastics, and alloys of iron, alumnum and beryllium together with
other materials

CONSI| DERATI ONS

Finding alternatives to the use of ozone depleting solvents in the
Center’s processes has been difficult, getting the processes changed
has been difficult, and the effort has been slow in evolving




However, some considerations have surfaced along the way which are
being exploited to permt the effort to gain nonentum at the Center
Many aspects of these considerations should be applicable to any
organi zation striving to inplenent alternatives to the use of ozone
depleting solvents, especially in the area of cleaning. These

consi derations are broken into six categories: policy, qualification,

docunmentation, adaptation of existing equipment, funding, and
benefits.

1. Policy

It is absolutely inperative, if a wide spread inplementation of
alternatives is to succeed, for the top management of an organization
to conmt the resources and the personal interest required to make it
happen. One of the requirenments of this commtnent is the
establ i shment of a conprehensive policy for the organization which
will act as a focal point for all subsequent actions

The Aerospace CGuidance and Metrology Center has adopted a policy for
the elimnation of ozone depleting solvents fromits industrial
processes. The Center's policy is a three phase plan. In the first
phase, now conpleted, all of the processes using ozone depleting
solvents were identified and qualified. During the second phase, the
processes using ozone depleting solvents will be separated into two
groups. The first group will 1nclude those processes for which
alternatives have been identified, either for the process itself or
for the ozone depleting solvents used within the process. The second
group will include those processes for which an alternative has not
yet been identified. This separation will be achieved by actually

i npl ementing alternatives, where possible, with the remaining
processes formng the second group. This effort is to be conpleted
by 1993. In the third phase, Departnent of Defense |aboratory
facilities and/or industry will be used to research and find
alternatives for those processes in the second group where an
alternative could not be identified. The third phase is to be
conpleted in 1995

The Center has commtted considerable resources to carry out this
ﬁolicy. Teans conposed of engineers, scientists, and technicians

ave conpl eted surveys designed to obtain information about the
Center-s cleaning processes. This information includes the |ocation
of each process, the part or assenbly being cleaned, the material

i nvol ved, the solvent used, and nuch nmore. This information has been
conpiled in an extensive data base. The data base will allow the
sorting of the data by various factors to nake the search for, and




inpl enentation of, alternatives easier and nore efficient. Cher
teans are in the process of testing and eval uation necessary to
extend the inplementation of aqueous cleaning throughout the Center.

2. Qualification

One of the most necessary and critical factors leading to the
successful inplementation of an alternative to an existing, proven
process is the qualification of the alternative. This was, and stil

is, the case in the Center's efforts to change its cleaning processes
to aqueous cleaning to elimnate ozone depleting solvents.

Extensive proof was required at many levels of managenent that the
parts being cleaned were in no way adversely affected, either

netal lurgically or chemcally, by the process and that the resulting
cleanliness was at |east as good as that obtained using the ozone
depl eting solvent based processes. (btaining satisfactory “proof”
proved to be difficult.

Wiile it was difficult to determne the chemcal and netallurgica
impact of an alternative process and conpare it to the results of the
sol vent based process, it was possible using the normal nethods
available in a good physical science laboratory. The deternination
of the degree of cleanliness, however, was another matter entirely.

At the Center, various techniques were used to conpare the
cleanliness achieved in the alternate and in the existing processes.
These techniques range from unaided visual inspections and subjective
eval uations by technicians who through the years have devel oped a
**feel” for the cleanliness of a part, to techniques involving

m croscopy, particle counters, and/or the results of functiona

tests. Wile the engineering comunity has, in general, been
satisfied with the results of the cleanliness valuations thus far
conducted, the nmethods used and the subsequent results are still open
to question and somewhat subjective

Quantifying the degree of cleanliness is an extrenely difficult

task. There has been little done in the past several years to
provide a basis of conparison when dealing with precision cleaned
netal parts. Techniques such as electron mcroscopy are effective in
qualifying the cleanliness of parts with small flat surfaces

however, even the effectiveness of this technique is often reduced
because the point of measurenent is renoved from the process

location. This means the cleaned item nust be transported through
v?rious contam nating environments before the evaluation can take

pl ace.



The problem of conparing the cleaning effectiveness of alternatives
is further conpounded when the item being cleaned is conmposed of
severe geonetries such as dead end threaded holes, small dianeter
tubes, the inside surfaces of delicate pressure conpensating bellows,
the inner races and balls of mniature precision bearings and etc

The Center is currently engaged in working out the final details of a
statement of work with Battelle Menorial Institute, Colunbus
Qperations, Columbus, Chio, for a contract which is expected to
resolve this difficulty. The contract should be let in [ate June or
early July, 1991 and should be conpleted within the ensuing year.
Under the contract, Battelle will adapt a process devel oped for
another purpose to provide a means to conpare one cleaning process to
another with respect to the degree of cleanliness attained to an
expected accuracy of over 99.9 percent. The Battelle nethod will
introduce stable isotopes onto the surfaces of the parts to be
cleaned. The isotopes will mrror the actual contamnant(s) to be
removed in the cleaning process. The stable isotopes are not

radi oactive and will not require special handling. The measurenents
in the Battelle nethod will require only a precision balance, a gas
chromatograph Wi th mass spectrometer (GCMS), and standard absorption
spectrometry equipnent. In the event those items are not present in
a facility using the nethod, the neasurenments could be made el sewhere
wi thout affecting the accuracy of the test. The stable isotopes are
relatively inexpensive to acquire and pose no hazard other than the
hazard of the base material, itself. [If this technique proves to be
as effective as prelimnary discussions indicate, it may beconme the

basis of a long needed standard for conparing cleaning nediunms as
wel | as cleaning equipnent.

Anot her qualification issue being addressed by the Center concerns

the potential for corrosion fromresidue following cleaning of mldly
activated rosin (rMA) flux on surfaces which are subsequently covered
with a protective coating

For exanple in one of the Center-s processes, alumnum covers for

di spl acenent gyros with a copper strip plated on their mating
surfaces are soldered together using a 600 watt soldering iron. RMA
flux is used in this operation, and flux residue is burned onto the
alumnumin the vicinity of the soldered joint. The current cleaning
process is to use isopropyl alcohol imediately after soldering to
remove the flux residue. The unit is then subjected to a pressurized
Freon 113 spray to rinse away any remaining residue. Follow ng
rinsing, the unit is painted with an epoxy based paint.

Center personnel have determined that MSI-7000, a biodegradable
detergent devel oped by Magnasonic Systens, Inc., Xenia, Ohio, used at
full strength renoves the flux from the alum num covers as well as

i sopropyl alcohol. Further, the Center-s Physical Science Laboratory
has verified that the surface cleaned with M -7000, with no further
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treatnent, results in paint adherence equivalent to the adherence of
paint on the surface after the isopropyl alcohol and Freon 113 rinse
procedure

A contract is expected to be let in late June or early July, 1991 to
Battelle Menorial Institute, Colunbus Cperations, Colunbus, Chio, for
a study to be nade of the corrosion potential of the unrinsed residue
of MSI-7000 on various surfaces follow ng surface treatnent such as
painting and, in the case of circuit boards, conformal coating. In
other words, if the surface has RVA type flux wiped fromit using
full strength, undiluted MSI-7000, and then, without rinsing, the
surface is painted, what corrosion may be expected over time? Wth
the correct paint or conformal coating, there is evidence to indicate
there will be no corrosion. The Battelle study will be thorough and
will address alum num and steel gyro casing materials and the netals
conmon to circuit boards in conjunction with the particular paints
and conformal coating materials used at the Aerospace Cui dance and
Metrology Center. The results of this study may provide the basis
upon which many RMA flux residue removal processes at the Center will
be changed.

3. Docunentation

It is extremely inportant when inplementing change to have conplete
and thorough docunentation of all aspects of the proposed
alternative. The inportance of the docunentation is proportional to
the nunber of levels and the diversity of the engineering and
managenent approval process.

The task of the engineers at the Center for documentation of ozone
depleting alternatives is compounded by two facts. First, there are
virtual ly thousands of parts and assenblies for which process
alternatives nust be individually justified. Second, each of the
processes is part of some workload which is being performed for a
“custoner” located at some renote location in another state distant
from Chio. That customers engineering and management community, in

addition to the Center’s engineering and management conmunity, nust
be convinced to authorize the change.

Experience gained in the last three years has generated a generic
“final project report” for use in the inplenentation approva

process. The report is designed to address all areas of concern in
an easy to reference format. It is also designed to reduce the
burden of creative witing normally confronting the engineer in

report witing. It is |oaded on a conputer in a tenplate fashion
with the portions that will be consistent with each report already in
place. Al'so, maxinmum use of attachments will further reduce the
generation process. For exanple, one of the attachments will be a

bi bl i ography of existing technical documents. If the report is
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addressing the cleaning of a part made of beryllium and a previous
study has been conducted which addressed the chem cal and

metal lurgical effects of the same cleaning process on beryllium the
docunment in the bibliography attachment will be referenced. It is
expected that this generic final project report will increase the
output of the engineers and provide a consistent |evel of quality and
conpl eteness to the reports. The report format is simple to adjust
and will permt change as required and experience dictates

The subject headings in the generic final project report are as
fol | ows:

Proj ect Title

Project Number

Test Period

Project Location

Background

System

Scope of Project

Cl eanliness Evaluation Method
Current Ceaning Process
Conposition of Test Itens
Contam nant Identification
Detergent Selection

Water Quality

C eaning Equi pment

Material Requirenents

Cl eaning Procedure

Conmponent Degradation Eval uation
Cleaning Evaluation and Results
Reconmendat i ons

Attachments
-List of reference docunents
-Project specific docunments

4. Adaptation of existing equipment

One of the questions that always arises in discussions about

| mpl ementing process changes from sol vent based cleaning to aqueous
based cleaning concerns the expense of acquiring new equipment to
make the process change possible. Wile some new equipnent is
undoubtedly going to be necessary, it should not need to be

ext ensi ve.

Mich of the equipment already in use for solvent based cleaning can

be readily converted for use with aqueous based processes. This
equi pment i ncl udes vacuum ovens, laminar flow booths, spray boot hs,
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and ultrasonic cleaners. The spray booths and ultrasonic cleaners
will require some nodifications, but those are easily designed and
installed by a conpetent and innovative engineering/technician staff.

The Center-s personnel have nodified a limted nunber of spray booths
and an ultrasonic cleaner to function with water and detergent. The
costs were miniml and the results very satisfactory. 1t is expected
that this modification process will be extensive in the future.

5 Funding

Often, the unavailability of “funding” is heard cited as a reason to
procrastinate in the effort to elimnate ozone depleting solvents
froma facility-s industrial processes. However, the cost of CFC-113
and the definite future cessation of its production make
procrastination unacceptable when survival of the facility is the

i ssue.

The Center considers the inplenentation of alternatives for ozone
depleting solvents in its processes to be inperative for its
survival. In that context, it used “in house” resources in manpower
and materials to support the effort. These resources, paid for by
the Depot Maintenance Industrial Fund (DMIF), are devoted to
production support in any case, and this effort is considered to be
vital production support. Al of the inplenentation effort has been
in this category.

That is not to say, however, that other sources of funding have not
been sought and used to exPedite the process. Defense Environmenta
Restoration Account (DERA) funds were sought and acquired to purchase
three ultrasonic cleaners of the type described in the section above
titled CLEANING for use in the Center-s two Cleaning Centers. 1Itis
important to note, however, that part of the justification that

hel ped the Center to acquire that funding was the effort it had

al ready expended in its own behal f.

DERA funding has also been acquired to fund the two pending contracts
with Battelle Menorial Institute discussed above, i.e. the

devel opment of a quantitative neasurement of cleanliness and a

t horough study of the corrosive effects of residue follow ng RVA flux
renoval on assenblies which are subsequently covered with a
protective coating.
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6. Benefits

Many positive benefits resulted from the change to aqueous cleaning.
One of the benefits was that process time was reduced for cleaning
the parts. For example, cleaning of the gimbal rings was a manual

operation taking about 15 minutes per ring. The aqueous process
cleans 24 rings in 25 mnutes.

The cleanliness of the parts has been at |east as good as, and in
sone cases better than, the results fromthe old solvent based
processes for cleaning. For exanple, the yields fromthe process
used to refurbish precision bearing assenblies have increased from

25% to 65% for every type of bearing after conversion to aqueous
cl eani ng.

The processes changed to the aqueous cleaning process have already
had a significant inpact on the use of solvents at the Center. The
consunption of Freon 113 has decreased by over 30 gallons per day,

and the consunption of 1,1,1-Trichloroethane has decreased by over 25
gal l ons per day. -

The conversion to aqueous cleaning has been enbraced by the workforce
and by managenent. Using hazardous solvents is tedious and
potentially harnful. Both technicians and management view the

changes to aqueous processes as a positive inprovenent because
exposure to hazardous materials is reduced

Part of the inprovement described above generated from the sinple
fact that for the first time in a long time, scarce engineering

resources were devoted to the process of cleaning. This is an
additional benefit of making such a drastic change to the way
business is done. Drastic changes in any large industry wll
invariably require significant engineering resources, and engineering

talent applied to any process on a large scale should result in
i nprovenent in the process.

CONCLUSI ON

The efforts at the Aerospace Quidance and Metrology Center have shown
that processes using ozone depleting solvents for cleaning and other
processes can be changed. It is interesting to contenplate that the
changes, when made, result in inprovenents in the processes, product
yields, and labor tine. This has, indeed, been the case at the
Center.
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Wil e many of the considerations addressed by the Center are focused
toward its specific processes and managenent requirenents, they

should be applicable in general to any industrial activity addressing
the elimnation of ozone depleting solvents fromits operations.
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