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PREFACE

The Repairable Potting Materials Workshop was held in
conjunction with the National Electronic Packaging and Production
Conference (NEPCON East) June 15, 1981, at the New York City Coliseum,
NY. The purpose of the workshop was to discuss the possibility of
standardizing potting materials used on electronic assemblies for air-
borne and ground-base electronics. This area is of concern to the Air
Force since many problems have been encountered when potted assemblies
are improperly repaired. The results of two surveys, one with Industry
and the other with Air Force Logistic Centers, were presented. The
Industry survey was conducted by the University of Dayton Research
Institute and the Air Force survey by ASD/RAOF. The ten member panel

gave presentations and panel-audience discussions were held afterward.
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[ SECTION I

INTRODUCTION

Recent meetings with government and industry personnel have
highlighted the need for advancement and technology transfer in standardi-
zation and repair of potted electronic modules. AFWAL/MLSS has worked with
PRAM and the ALCs in an attempt to reduce waste by standardizing potting
materials and solvents for electronic modules. The ALCs have reported that
significant quantitieé of potted electronic modules are discarded simply because
it is impossible to repair them. The ALCs report that this results in a sub-
stantial loss to the govermment. Also, in the Air Force/Industry AD Manu-
facturing Cost Reduction Study, 4-6 March 1980, the Ordinance Panel identi-~ i
fied several problems with potting materials on systems such as the Gator AP,
Gator AT and Slufae. In most of these situations too many different types of
materials are currently being used and a large portion of them cannot be de-
potted. Col. Parker, ASD/RA, 10 January 1980, said, "The Air Force has been
plagued for years with steadily expanding quantities of potting materials
until there are presently several hundred different stock listed compounds and
solvents in the inventory to do basically the same job. Many of these com-
pounds can't be removed from electronic components without damaging or
destroying the component. Often the compound can't even be identified. Pre-
liminary reports from the ALCs and other government agencies indicate milliomns

of dollars worth of electronic assemblies or subassemblies may be condemned or

damaged each year because of their inaccessibility to repair. Incidental to
maintenance and condemnation cost may be losses due to decreased reliability !
and early component failure caused by the thermal or electrical properties of

potting compounds."
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Everyone agrees that no one potting material is adequate for
every application but a large spectrum of applications could utilize a
standardized repairable potting material. This sgpectrum of applications
covered by the standardized potting material would include portions of all types
of applications but probably in all cases it would not encompass the total
application. This idea is depicted on the map on page 9. We believe that a
program to standardize potting materials would save the Air Force millions

of dollars per year.




SECTION II

{ WORKSHOP PRESENTATIONS
. A. Introductory Remarks
¢,
b% Bill Dobbs
L AFWAL/MLSS
E.f WPAFB, OH 45433
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"MEEDS AND REQUIREMEMTS FOR STANDARDIZATION
OF POTTING COMPOUNDS”

GUS LANE
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"00-ALC REQUIREMENTS FOR REPAIRABLE POTTING COMPOUNDS”
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“PROBLEMS IN REPAIRABILITY OF HIGH VOLTAGE
POTTED ASSEMBLIES”
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SEATTLE, WA 98124

“APPROACHES TO STANDARDIZATION IN REPAIR OF
POTTED ELECTRONIC ASSEMBLIES"

CHARLES HARPCR
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BALTIMORE, D 21203
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“SUPPLIER'S PHILOSOPHY OF REPAIRABILITY”
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WPAFB, OH 45433

“INDUSTRY RESPONSE TO POTTING COMPOUND SURVEY"

JOUN ZIEGENHAGEN

UNIVERSITY OF DAYTON RESEARCH INSTITUTE
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B. Needs and Requirements for

Standardization of Potting Compounds

Gus Lane
WR~-ALC/MAIES
Robins AFB, GA 31098
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C. SM-ALC Needs and Requirements

for Potting Compounds

Mike Harris
K . SM-ALC/MAIPC
¥ McClellan AFB, CA 95652
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PROBLEM AREAS AND SUGGESTED SOLUTIONS

High-voltage systems are plagued with annoyances that are unnoticed in low-
voltage systems. Some of the more subtle annoyances are described in the fol-

lowing paragraphs:

Debris. Small dielectric flakes or chips lodged or lying on the surface or edge
of a coil will align themselves with the electric field. They will be charged to
the same potential as the surface to which they are attached, acting as a point

on the surface. This will decrease the utilization factor of the encapsulating

gas or oil and cause excessive corona and eventual breakdown. Inspections and

thorough cleaning with high-pressure air will eliminate this problem.

Small pieces of insulation must be cleaned out of transformer cases, otherwise
"chips" may lodge in the field between a coil and metal and cause corona, which
ruins the gas or o0il insulation. Wire terminations should be designed and
installed so that the field approaches that of a parallel-plate configuration

without point discontinuities.

Mechanical Stress. Sharp edges or points on fasteners, connections, and rivets

can cause insulation boards to chip or crack. Terminations should be designed to
minimize mechanical stress points on the insulating boards. This can be accomp-
lished by molding the terminal in a solid insulating material that is attached to
the board. The metal spacers not only reduce the mechanical stress but also

increase the surface utilization factor between the flange edges.
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Flexible Wiring. Flexible wiring is easily misaligned during the potting

process, causing high voltage wires to be overstressed during operation. High-
voltage, extra-flexible wiring is acceptable in some limited cases. It should be
used only as a last resort. When used, it should be guided from terminal to
terminal to eliminate the probability of the wire insulation intermittently

touching other surfaces containing higher or lower voltage circuits.

Manufacturing Cleanliness. The need for manufacturing cleanliness cannot be

overstressed. Gloved hands should be mandatory when papers, films, and other
cleaned surfaces are handled. Small amounts of oils or acids can cause an
improper bond or encapsulation. Any paper, cloth, film, or other dielectric
material is suspect and should be inspected by materiel, shop fabrication, and
engineering personnel. Smoke-emitting objects in mezterials fabrication shops

may contaminate the dielectric.

Mold Release Agents. Silicone products may contaminate certain epoxies, ureth-

anes, and other insulating materials. Compatibility and contamination of
materials for bonding purposes should be investigated prior to fabrication. When

there is an incompatibility, precautions must be taken to avoid contamination.

Testing. Flaws in outer surfaces or between a single conductor and a surface in
a clear material can be visually inspected. When a coil, circuit, or multiple-
conductor assembly is tested, the test must include the detection of imperfec-
tions between coil layers, circuit parts, and assembly layers. This implies that
the total assembly must be energized in such a way that all overstressed elec-
trical parts will be detected. An overvoltage test and/or overfrequency test are

two methods for testing.
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Environment and Life. Most high-voltage circuits and parts will be installed in

enclosed pressurized containers. This reduces the probability of thermal shock,
but not temperature extremes. Testing an insulation in a small dish is inade-
quate. Fabricated parts and circuits should be assembled (per specification)
inside the packaging container and tested through the temperature extremes with
all circuits energized. Five to nine cycles are recommended. Pre-environmental
tests and post-environmental tests should include corona, dissipation factor,
insulation resistance, and a visual inspection of breaks, tears, and deforma-
tion. Any significant change in appearance or electrical characteristics are
reasons for further testing and/or modification prior to qualification and life

testing.

Tabs. Small tabs often are placed on wires and parts for identification and
installation purposes. When these coils and circuits are encapsulated, film-
tape tabs such as Mylar adhesive may cause built-in gas pockets or voids. These
voids may initiate partial discharges and eventual voltage breakdown. If tabs
are required, they should be made of porous materials that are compa*ible with

and easily wetted by the encapsulant.

Spacers. Spacers between the two energized encapsulated units must be nearly
void-free and have smooth or rounded surfaces to reduce tracking susceptibility
across the spacer surface. The spacer surface should be designed as though the

voltage at the dielectric surfaces was from base electrodes, not dielectrics.

Coatings. Coated metal surfaces have higher breakdown voltage characteristics
than uncoated surfaces, provided the correct coating material is applied. Some

coatings do not blend well, flake, and reduce the electrical stress capability of
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the two electrodes. Others may have pin holes and voids or blisters that also
cause flaking. Coatings must be evaluated under identical environmental and

electrical stress conditions to be fully qualified.

Determining Corona Limitation Voltage. The corona initiation voltage (CIV) of an

electrical apparatus can be determined when the design parameters and the applic-
able Paschen-law curve are known. The Paschen curve used depends on the type of
gas in which the corona would occur, the temperature of the gas, and the configu-
ration of the electrodes. Figure 2 compares Paschen curves for different gases
under d.c. voltage. The most common gas is air. If the temperature exceeds

260°C, special Paschen curves must be used.

DESIGN IDEAS THAT HAVE WORKED IN HIGH-VOLTAGE EQUIPMENT

Examples of successful designs used to decrease field stress in high-voltage

equipment are described in the following paragraphs:

Terminal Boards and Supports. Composite and laminated insulation is used for

terminal boards and for supports that separate the co'ls and wiring from the
cores, structure, and containers. A terminal board for high potential should be
made from qualified insulation. The board may be flat, if the voltage is less

than 20 kV, provided the electrical stress is:

0 Less than 20 V/mil for long life (10 to 30 years)

0 Less than 20 to 50 V/mil for short life (1 month to 1 year)

87

et <7 e G 210

A R0

® IIVI s  prpeTwe TETY




With treated boards in a dry, clean atmosphere of pure gas, these values can be

doubled.

Terminal boards operating at voltages greater than 20 kV should be contoured to
increase the creepage paths. Three basic methods of contouring (shown in fig. 3)

are:

) Cutting slots (gas-filled regions) between the terminals

) Building barrier strips between the terminals

0 Mounting the terminals on insulated standoffs

Combinations of the three methods may be necessary for voltages greater than 100

kV.

The slots in a slotted circuit board form creepage paths as well as flashover
barriers on both sides of the board. A board with barriers is the most difficult
to design. The barriers must be built on both sides of the board, and the board
has to be made from materials that will not form creepage paths under the
barriers, inside laminated boards, or through the board laminates. The barriers

also must not interfere with the terminals or the wiring.

Insulated standoffs are a form of barrier strips. The standoffs are difficult to

design because they must withstand the forces applied by the terminals, and the

terminal anchor must be embedded in the top surface of the standoff. The anchor

must be contoured for minimum electrical stress.
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High-Voltage Leads. Leads between high-voltage parts should be made of round,

smooth-surfaced, polished metal tubing. Steel and nickel-plated metals are
preferred, but softer metals often are used because they are easier to fabricate.
The radius of curvature on all bends should be at least 2.5 times the conductor
diameter to avoid flattening or crushing the tube at the bend. The ends of the
tubes should be flattened as little as possible, but this becomes difficult for
pieces other than straight sections. When the end of the tubing is flattened,
the corona-suppression shield should extend over the edges and the flattened end
of the tubing, as shown in figure 4, Ample space must be provided between the
inside surface of the insulator and the metal tube. A safe design would be based
on the assumption that the full voltage stress exists on the top edge of the

bushing.

Hollow tubing must be vented. Vent holes should be drilled through one wall of

the tubing at both ends. The vent hole should face the corona shield.

Special Design Features. High-voltage, flexible-lead terminations should be

designed to eliminate pressure points on the terminal board (fig. 5); pressur-
points will cause deiamination, which enhances internal tracking. The terminal

should be protected with a corona ball or shield.
Other insulation techniques include either burnishing or enameling over the
knots in ties to prevent the feathered ends from becoming points from which

corona discharges will emanate (fig 6).

Standoffs and Boards. For high-density packaging, high-voltage parts are separ-

ated by either laying them out on the surface of a board or placing them on
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standoffs. A few critical problem areas on board delamination, joints, clean-

liness, surface coating, and edges.

Board Delamination. Boards used to separate high-voltage parts from grounds must

serve a dual purpose: structural and mechanical. Fiberglass usually is used as
the major composition of boards, with epoxy or other material used for the
filler. When the board is made in large, thick sections, the filler material
occasionally does not completely penetrate the fiber. This will cause the board
to have large internal voids that are difficult to detect.

Once a board is found with this type of fault, it
is best to have all boards scanned for defects, otherwise application of a high
potential will initiate internal tracking and failure. These types of failures

usually are discovered in the field after many hours of service.

Joints. Screws frequently are used to join a metal plate to the end of a rod or

standoff. This is strictly unacceptable in high-voltage designs because the
screw hole is deeper than the screw; thus, a void exists at the bottom of the
screw hole and the screw will attain a potential causing a very high field
gradient at the point of the screw and along the threads. This will cause a high-
voltage gradient across the air gap. Then partial discharges will enhance
treeing through the standoff, resulting in arcing. Banding with a loose-fitting
clamp is best. A tight-fitting clamp should not be used because if the clamp is
tightened enough to secure the standoff in place, it will cause the standoff to

delaminate, and tracking will occur (see fig. 7).

Cleanliness and Surface Coatings. Prior to coating the surface of a board or

joint, before or after assembly, the surface must be thoroughly cleaned of oils,
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greases, dirt, foreign objects, cleaning salts, and acid deposits. Large boards
often require two or more cleaning processes . Following cleaning, the
board should be taken to the area where the coating is applied. During transpor-
tation the board should not be touched with bare hands or contaminated objects,
nor exposed to a contaminating atmosphere. The coating must be placed on the
board in a dust-free/lint-free compartment. Likewise, during installation into
the final assembly, the board must be handled so as not to contaminate the

surface.
Edges. A large board often has cutouts, holes, slots, and indentations.
Remember, all edges are to be smoothed and rounded. A sharp edge on an insul-

ating board has the same effect as a sharp edge on a metal sheet.

Taps and Piates. A high-voltage rectifier normally is assembled from a series of

connected diodes, and occasionally, a voltage tap is required at the center of
the diode string. This tap should be made of material having the same diameter
as the diode surface and thick enough for attachment of a round tubular connec-
tion. Soldered joints should not be used b:zzcause most solder electrodes have
Tower breakdown potentials than metals such as steel, nickel, brass, copper, and

aluminum,

A potential shaping surface within the stack of series-connected diodes can be a
thin plate of metal provided with a large-radius edge. This curved edge sup-

presses corona.
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F. Approaches to Standardization in
Repair of Potted Electronic Assemblies

Charles Harper
K, Westinghouse Electric Corp.
o Baltimore, MD 21203 J
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G. Supplier's Philosophy of Repairability

Mac Larsen
Furane Products Div.
M&T Chemical
Los Angeles, CA 90039




2 REPAIRABILITY:

zi; A MATERIALS SUPPLIER'S VIEWPOINT

Mac Larsen

Furane Products

M&T Chemical Co.

5121 San Fernando Rd. W
L.A.,Ca 90039
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When considering the idea of repairability, several contradictions come to mind.

1) Many electrical applications require plastics that must withstand service
temperatures in excess of 200%. and potentials of over 50,000 volts. When
one has a need to repair a malfunctioning device encapsulated with such a

material, he soon finds out just how tough this kind of plastic can be.

2) The ever increasing delicacy of electronic devices such as glass diodes, semi-
conductors with bonded gold wires, or stress sensitive coils, require tough,
highly filled plastics to protect them and attempts to cut into such an
encapsulated circuit may cause more damage and take longer than the repair

is worth.

3) When plastic is designed to be humidity resistant, ozone resistant, and
insoluble in organic solvents, it also is going to be very impervious to

most chemicals used as strippers.

So what is the plastics engineer supposed to tell a distraught electronics
engineer when he finds that 400 circuitboards were assembled with the wrong parts
and that the new tough heat and chemical resistant plastic everyone was so proud

of has just hardened to a 95 Ourometer D? The answer can be very involved. This
may be an exaggeration, but it does illustrate the point that repair cannot be

an afterthought of design. As the prices and availability of specialized parts
become more and more of a concern, or the importance of failure analysis to trouble
shoot becomes evident, the engineer must begin to consider how the protective

erbedment material can be removed upon demand. One can search for a specialized
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Page 2

process to remove the plastic. He can also design the final part with an easily
removable material with the possibility of sacrificing some quality or reliability.
Understanding techniques, plastics and design for repairable items is becoming an
important facet of the electronics industry. The plastics engineer has much to
offer this field because he understands the chemical's impact on ultimate per-
formance. This paper is intended to help the electronics design engineer under-
stand the reasons for material removal, describe some established techniques,

and offer some new techniques to ease the task of plastic removal.

Some of the more prevalent reasons for justifying removal or repair of electrical/
electronic devices are:
Replacement of defective part
Molding flaws
Failure Analysis
Calibration/Recalibration
Recovery
1) Replacement (or repair)
This type of repair requires a fairly accurate diagnosis of where the mal-
functioning portion is located. In most cases, it is not feasible or desirable
to remove all of the coating or encapsulant in order to remove and replace only
one part. One would 1ike to go directly to the part, replace it, and refill
the void with the same material or possibly a specially designed repair material.
This process may be a field repair where time and equipment are at a minimum,
and certainly the environmental problems can pose a particular problem such as

in the repair of underground telephone cables. In this case, original materials
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2)

3)

must be easily removed and a field pack of the repair material, such as a soft
urethane, must be insensitive enough to cold and moisture so it will transform
from the liquid state into a soft rubber, once mixed and poured onto the cable

repair area.

Process Flaws

Whether or not there is a significant production volume, there will always be

a statistical relationship of good parts to rejected parts. The ability to correct
flaws occurring in molding or coating processes, for instance, may be the area that
makes or breaks a profitable item. In the case of flexible cable molding, the
mold is treated with a release agent which allows the final cured part to be
easily removed from the cavity. It is possible to incompletely cover the cavity
with the release agent, causing the cable to adhere and rip as it is pulled away.
Since much time has already been spent in the setup of the wires, etc., it be-
comes economically feasible to repair this portion. The most practical repair
technique is to use the same material in a fresh mix, put the cable back into

the mold, and pour the material in. In some cases it is necessary to clean

the surface of the cable with a solvent and/or abrade the surrounding surfaces
with fine emery cloth before filling with fresh material, so the freshly hardened

material will adhere to the previously molded area.

Failure Analysis

An important facet of any R&D program is to determine why a failure occurred.

And just as important is the technique used to dissect the faulty device for in-
spection. For instance, semi-conductor devices are put through tremendous stresses
during molding processes, and if they malfunction there is reason to believe

that inspection could shed some light on how to better design the part or process.
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To analyze such a device, it is important that a delicate technique must be used
so as not to incur additional damage. A widely used technique used here is to
drop red fuming Nitric Acid onto the plastic and allow to soften or degrade

the surface which can then be rinsed with acetone. Several cycles of this
process will expose the chip without harming the lead frame or chip. The Nitric

Acid must be very low in moisture in order to prevent it from reacting with and

R

destroying the metallic components within the molded package.

4) Calibration
A Tittle forethought here always helps. A device such as a trim pot, used in
many circuits, must be exposed in order to be adjusted. Naturally, the easiest
technique is to cover it with a soft material then encapsulate the entire circuit.
When adjustment becomes necessary, one needs only to drill through the encapsulat-
ing plastic, then remove the soft covering and calibrate. Some suggestions for
removable materials are: a high temperature wax, soft staking compound such
as silicone or urethane, or possibly a small piece of zinc chromate tape. These
are either soft or thermal plastic materials which, depending on the electrical
requirements, can remain with the device or be removed. The wax can be melted

out, while the soft polymers or tapes can be cut and removed.

5) Recovery

This reason for embedment removal justifies the most destructive type of process.
Although recovery of precious metals or parts is strictly speaking, not a repair item,
jt is valuable when parts are needed immediately but have an intolerable delivery
time. Any type of removal technique can be used, providing that the sought

after item can withstand it.
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A1l of the examples given above can be catagorized into one of three techniques of
plastic removal.
Thermal
Mechanical
Chemical

Just about any way one can think of to remove plastic will fall into one of these
three classifications. Indeed, some techniques involve two or even all three of
these groups. What is important to remember, however, is that the more stringent

the requirements of the plastic, the more difficult the task is to remove or repair it.

As repair becomes more important, there are certain sacrifices that must be made
in performance and reliability and/or cost of production in order to satisfy the
repairability parameters. Some property considerations that should be thought of
in the design of either a repairable or non-repairable device are listed below.

(Materials are listed in increasing difficulty to repair).

Material Advantages Disadvantages
Thermoset Gel Re-enterable No support - Environmental
(Silicone Gel) Extreme ease of removal Resistance low; high cbst
Soft Thermoplastic Easily melted or cut Low solvent resistance
(Urethane, Polyethylene ) with hot knife Low service temperatures. .
Soft Thermoset Moderate ease in cutting

(Silicone, Urethane) Good electricals possible __ High cost - Silicones
Hard Thermoplastic Can be dissolved at high Processing scale up;expensive

(Polyimides, PPS)
temp; good electricals Temp required to melt too

high for practicality

Hard Thermoset Excellent electricals Very difficult to dissolve,
(Epoxies, Phenolics) High temp service break, or melt
Good environmental resistance
114
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A technique that was investigated for the purpose of this paper involves Binary
system encapsulaticn. What this process tries to do, is obtain the best of two
worlds. That is mold a soft, repairable material directly around the repairable
device then over encapsulate with a hard thermoset material, thus protecting the 1
more vulnerable inner material against the effects of humidity, abrasion and
shock. Upon the event of a repair, the hard outer casting can be opened

up by mechanical means such as sawing to expose the easily cut soft polyurethane.

Figure 1 shows a cast part and a cross sectioned piece to illustrate the con-

struction. A total of four types of castings were made:

Inner Casting Quter Casting
A) Unfilled polyurethane (Durometer 60A) Unfilled epoxy (Durometer 85D)

B) Filled polyurethane "

C) Unfilled polyurethane " Filled epoxy
D) Filled polyurethane " " " "

The reason for filling is to adjust the thermal expansion rates to minimize

internal stresses that may produce cracks. This concept is already used widely

in potting processes, whereby a fluid potting material is poured into a thermo-
plastic case. In this example, unless the filling port is hermetically sealed,

the soft repairable inner material would be subjected to possible harsh environments
such as humidity, ozone, acids, or nitrous oxides. By overcasting with a thermoset
as described above, a hermetically sealed package is automatic with the only openings
or areas of possible contamination being wires or connectors. With proper planning

regarding mechanical design, a hermetically sealed re-enterable system is possible.

Figure 2 shows the effect of thermal cycling. After 3 cycles of -55 to 100°C., cracks

appear in the unfilled epoxy but none in the filled version.
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Finally, to demonstrate the actual repairability of the system, Figure 3 shows
a cut casting which exposes the urethane inner material. A razor blade, or perhaps
a soldering iron with a knife edge, can be utilized to slice the polyurethane away.

Figure 4 shows another clear soft durometer polyurethane that a hot instrument can

readily penetrate thus enabling the technician to remove large chunks to expose faulty

devices. Certainly this concept can be investigated to a much greater degree; how-

ever, internal design of electrical/electronic parts is such an important consideration

of the package in its entirety, that one would have to design an epoxy/urethane

system to match the requirements.

There has been much research into chemical means of removing plastics. Much

has been written on the subject with entire product lines being built on a variety
of strippers. As mentioned before, many electrical/electronic applications require
thermally stable solvent resistant thermosets to adequately protect sensitive
circuits. In most cases, a non-repairable material is one with these properties,

and although it provides the best reliability it seldom affords itself to repair.

The concept most widely used to remove plastics, particuiarly thermosets, is to
break apart or digest the polymer so it becomes more soluble. These chemicals

can become very specific to generic types of polymers such as anhydride cured
epoxies, silicones, etc. Once the chemistry is known, the selection of proper
strippers is somewhat edisonian in practice. Generally, the thicker the cross
sectional area, the harder it is to remove. Mechanical means of burning, sawing,
or cutting off heavy layers can be used in conjunction with chemical methods. This

is all labor intensive and so the reasons for repair become more and more critical

to cost.
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In deciding what kind of chemicals and methods to use t~ remove plastics there
are several considerations to be taken.
1) Will the chemical be selective enough to stop dissolving when critical
parts are uncovered?
2) Will any residual contaminants, such as acids, harm metal contacts or wiring
even after the repair job is finished?
3) Are the chemicals toxic? Can they be readily disposed?

4) Will refluxing or other potentially expensive equipment be required?

Table 1 gives some idea of the variety of chemicals that are used to remove

plastics. Unfortunately, in most cases, their performance does not outweigh their
toxicity. There are combinations that have proven to be useful such as the following
formula developed by G. R. Sprengling, Westinghouse R & D, and published in
February, 1980 issue of Insulation Circuits.

50% Tall Pitch

25% b Napthol

25% Triethene Glycol
According to Sprengling, this "standard stripper” was found effective in dissolving

all common insulating thermosets in a time of 1-6 hours @ 250°C. This exemplifies

the supposition that there does exist combinations of chemicals that when mixed to-

gether will reverse the polymerization process resulting in the removal of plastics.

A proprietary mixture of non-corrosive chemicals was made for this paper to illustrate
the reverse polymerization process and demonstrate selectivity of a stripper for

various plastics. The items chosen for illustration were epoxy dip-coated hybrid

circuits and polyurethane encapsulated cable connectors.
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The setup was oversimplified for purpose of illustration. A 500 ml Beaker was
placed on a hot plate, filled 1/2 full with the stripping solution, heated to 70°C
and was kept agitated by a Teflon coated magnetic strirrer which, by the way, was
unharmed after hours of stirring. A round bottom distilling flask was filled with
ice water to act as a refluxer. When fumes contact the cold flask, they condense
and drip back into the beaker. A refluxing column could have been used; however,
it would have made removal of parts more difficult for picture sequencing. Figure 5
shows before and after circuits with the small piles of undissolved resin above each
board. Notice that some of the components on the right board are damaged from the
solvent. The coatings used on these particular devices are similar to the circuit
coating so the solvent could not be selective. Everything else on both boards, however,
remain untouched, including the metal leads and copper cladding. An interesting
observation here was that epoxy molded devices are virtually untouched by this

stripper as well as epoxy/glass printed circuit boards.

The second set of figures show the removal of a polyurethane encapsulant from around
a molded cable. Again, netice the before and after devices (Figure 6) and how the
metal is still shiney, the wire insulation is intact and the termination ( Diallyl
Phthalate) piece is untouched. An important point to make is that the cable can now
be repaired (re: soldering, adjusting of possible shorts, etc.) and that no additional

damage was done to the actual electrical connections.

Many other repair techniques are used in the electrical/electronics industry and they

are becoming more and more commonplace. Certainly the fact that it is possible to

design a device with a removable embedment material just supports the expectations

that plastics will continue to enjoy the paralleling high rate of growth with electronics.
And it is becoming more and more evident that a close relationship must continue

between electrical and plastics engineers in order to meet the ever increasing demands.
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TABLE I
EXAMPLES OF STRIPPERS

Acetic Acid

Formic Acid

Nitric Acid
Sulfuric Acid
Phenol

Sodium Hydroxide
Ammonium Hydroxide
Di Butyl Amine

MDA

Tall Pitch

Napthol

1, 4 Butane Diol
Tri Ethylene Glycol
Methylene Chloride
Perchloroethylene
Methyl Ethyl Ketone
M-Pyrol

Dimethyl Formamide

Phthalic Anhydride
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SECTION 11X

CONCLUSION

The Repairable Potting Materials Workshop indicated that the
Alr Force would definitely benefig from standardization of potting materials
for electronic assemblies. Air Force personnel in our ALCs state that large
dollar savings would result from the repair of many high cost electronic
modules currently discarded as non-repairable. Industry reports that several
potting technologies are available which provide repairability and maintain
high reliability. The cost savings resulting from elimination of the many
different potting materials and solvents by standardization would be an

additional benefit for the Air Force.

It was generally assumed that a silicone material with appropriate
fillers would best serve as a standard potting material. Everyone agreed that
no one potting material is adequate for every application but a large spectrum
of applications could utilize the repairable silicones as a standardized

potting material for electronic modules.
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