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PREFACE

This final report documents the results obtained during the Manufacturing
Methods and Technology (MM&T) Program entitled "Methodology for UV Cured Confor-
mal Coating."

This report was prepared by the Hughes Aircraft Company, El Segundo,
California, under contract DAAK40-78-C-0272.

The effort was sponsored by U.S. Army Missile Research and Development Com-
mand (MIRADCOM).

The principal Hughes contributors were John Fay, Program Manager; Ed
Anderson, Principal Investigator; J. Tull; R. Rawis; L. Long; R. Dunaetz; and H.
"Schwartz.

The work covered by this report was performed between 15 September 1978 and
15 June 1980.
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SUMMARY OF PHASE I TASKS

4 Materials assessment and selection of caneldate materials

-Industry survey

-Mater",z procurement

-Material selection and preliminary testing

* Process evaluation and optimization

-Qualification testing of materials

-Documentation of processes

* Projected cost value analysis

-Material costs

-Comparison with existing conformal coating processes

A literature review of technical journals and a survey of 16 suppliers resulted in
35 candidate ma.erials for initial testing. From the results of the initial tests, three
material candidates were selected for qualification testing.

The Hughes Space and Communications Group (SCG) developed process for appli-
cation and curing of the materials was documented. An attempt was made to qualify
each material by testing a minimum of four sample specimens to the requirements of
MIL-1-4605& Of the three material candidates, only one passed.

Data was obtained relative to the cost of coating printed wiring boards (PWBs),
using the material that passed and the developed process for application and curing.

2
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SUMMARY OF PHASE II TASKS

* Production facility was specified and documented.

* Production type PWBs were processed and delivered.

* Industry debriefing sessions were held.

A production line capable of producing 750 PWes in an 8 hour shift was specified
and documented for the coating of PWBs, using the technology developed under this con-
tract. Included was a process flow chart, production equipment specifications, and an
assembly floor layout. Ten typical production-type PWBs were coated and cured in the
Hughes 5•C facility and delivered to MIRADCO&M for their evaluation.

At the conclusion of the contract, two 1-day industry/government debriefing
sessions were held at Hughes SCG in El Segundo, Calif6rnia. The attendees were briefed
on the test data, results, and methodology established by this program.



SUMMARY OF RESULTS AND CONCLUSIONS

* Material selection resulted in only one material, Hughson RD 3650-21,
that met the objectives of a one part system, and passed the applicable
MIL-1-46058C test requirements.

* The application process developed used spray coating and UV curing.

* The conclusions arrived at from this evaluation were:

e UV cured conformal coating can be successfully utilized in
production.

*• UV cured conformal coating has the potential to save production
cost if the material use&

* Is a single component ready-to-apply system
* Does not require the addition of solvents
* Cures in seconds, including obscured areas

0 * There is no tangible cost reduction in materials and labor of the
Hughson material versus the present conformal coating.
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SECTION I

BACKGROUND AND 08JECTIVES

I. The Need for New PWB Conformaj Coating Techniques

2. Objectives of the Manufacturing Methods and Technology
Program

II
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1. THE NEED FOR NEW PWB CONFORMAL COATING TECHNIQUES

The methodologies presently used in industry for conformal coating of PWB
assemblies need improvements or changes in order to reduce the possibility of mixing
errors and accelerate the curing cycle to make it more cost effective. The application
of ultraviolet (UV) cured conformal coatings on PWB assemblies can meet this require-
ment.

MIL-1-46058 is the specification for Insulating Compound, Electrical (For Coat-
ing PWB Assembiies). Use of existing qualified coating systems on PWB assemblies
involves several disadvantages that UV cured conformal coating are expected to over-
come. These disadvantages are:

1) Requires slow curing which takes hours of oven cure (or parylene batch
deposition) cycles.

a) There is a strong possibility of contaminating coating during the curing
operation

b) A program schedule delay is built in for the original coating and for any
repair or rework operations that are needed

c) Allows coating to sag, providing minimal or no coverage over sharp
contours on the PWB assembly (i.e., trimmed component leads, flatpack
lead edges, and capacitor edges)

d) requires expensive paryiene batch deposition

2) Usually requires mixing of two (or more) part formulated coating systems.

a) Adds another manufacturing technician labor increment to the coating
process

b) Offerm the possibility of a mixing error

3) Usually requires soivent systems (thinners) to lower the viscosity of the
resin system for ease of application and to allow tailoring of the formula-
tion.

a) Normally requires explosion-proof exhaust systems. Also, local ordi-
nance3 may limit the amount of solvent vapors which can be exhausted
into the surrounding plant environment. ThPs could:

(1) Curta"l the volume of hardware coated per hour

(2) Necessitate a change in type of solvent system taed

UV cured coatings as specified for this study required no mixing of components
or catalysts by the user, UV cured in seconds, and were usually solvent-free systems.
The potential elimination of mixing steps and rapid cur-g make the U'V cured coating
process more desirable than conventioeal MIL-1-4605S coatings due to potential decrease
of rework and scrap, and en.anced possibility of using high speed, conveyor zed, and
sernmautomated processing.

1-2
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This Manufacturing .Mlethods and Tec"jiology ,MMk r) Program was conducted to

* Evaluate and quaLiiy UV coniormai coating material candidates

* Optimize cronlorrnal coating processing of PWBs

* Define a production line capable of coating and curing 750 PWBs in an 3-
hour work day.
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2. OBJECTIVE OF THE MANUFACTURING METHODS AND TECHNOLOGY PROGRAM

4 The program was devoted to the evaluation, selection and qualification of
materials suitable for coating (PWBs) using UV curing. The resultant PWBs coated with
these materiels must meet the requirements of MIL-I-46058 to be considered as
qualified.

Hughes SCG was awarded a contract for an MM&T Program on UV Cured Con-
formal Coating of Printed Wiring Boards. The contract ran from September 1978 to June
1980 and consisted of two major phases.

Phase I

* Material screening and selection

* Process evaluation and development

* Cost/value analysis

Phase I1

- Production line specification

e Two-day industry/government demonstration

"" Delivery of ten typical PWB assemblies

Phase 1(20 months) was a material and process evaluation effort with the goal of
selecting and qualif ying materials suitable for the conformal coating of PWBs using UV
curing. The PWBs coated by these prototype processes were to result in an acceptable
end-product (defined as meeting requirements of MIL-I-46058). The UV conformal coat-
ing process was to have reliability, good producibility, and be competitive in cost with
normal conformal coating processes. The technology also was to be readily adaptable to
current PWB productiri systems building U.S. Army hardware, with minimal conversion
costs.

In Phase 11 (6 month.), the objective was to specify a production line using the
optimized process developed in Phase 1. Finally, a government/industry debriefing
zession was to b,! held whereiin the results of this program would be disseminated to gov-

4 ernrhent and industry representatives at two l--day sesions.

4
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SECTION 2

PHASE I

Task 1. Materials Assessment and Selection of Candidate Materials

Task 2. Process Evaluation and Optimization

Task 3. Projected Cost/Va"ue Analysis

2-1
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TASK 1. MATERIALS ASSE5SMENT AND SELECTION OF CANDIDATE MATERIALS

UV coating suppliers were contacted to obtain coating samples already formu-
lated and ready for direct application (see Table I). These suppliers either submitted
materials for testing (Figure 1) or declined for various reasons.

Screening of candidate materials continued through June, 1979. Approximately
30 candidate materials were screened during this period. The preliminary tests were
chosen to weed out unsatisfactory candidates with a minimum of testing expenditures.

The initial testing resulted in the identification of two coating materials which
were fast curing, had few processing problems, and had the potential of meeting M!L..I-
46058C requiremerts (see Th-hte I1). The first was W. R. Grace's N8 XRCP-10526-51-I,
and the second was De Soto's Defolite 2353-7 with about 5 percent benzoyl peroxide (BP)
catalyst (Lucidol's I.perco ATC) mixed into it just before coating application.

Some processing problems were encountered with these two materials. The
Grace material had too high an initial viscosity (the cured coating thickness was about
0.016 inch). After about 2 months, it started gelling in its metal container. The De Soto
coating required teat BP be added just before appiying it to the PWB. De Soto did nol

i send their 2353-7 with the BP in it bc,-ause of the possibiiity it might greatly shorten the
shelf life of the material (i.e., it would cure in its shipping container before it could be
evaluated). The De Soto material with BP in it cured more slowly than the Grace
material, requiring twice the UV and thermal exposure time. Neither of these cured

* coating exhibited the required ultraviolet fluorescence.

During the selection period, five materials and modifications of two additional
materials were chosen for additional screening. Table III summarizes the results of this
screening. ApplicationS of the coating by spraying and by dipping were attempted. From

- these tests, three coatings, applied 'y spray and by dipping, were deemed satisfactory to
be subjectecd to MIL-I-46058 qualification testing. These were De Soto 2353-7 (+BP),
Grace 9332 (A&B) and Hughson RD 3650-21.

The decision was made to submit samples of each of the three materials, applied
by spraying, for MIL-1-46058 qualification testing. Tabie IV summaizes the character-
istics of the materials chosen.

In October 1979, all the tests required under MIL-I-46038 were completed for
three candidate materials (Hughson RD 3650-21, Grace 9332 (A&B), and De Soto 2353-
7). A urummary of the results is shown in Table V. The Grace 9332 (A&B) and De Soto
2353-7 materials were considered failures, since neither passed the thermal humidity
aging test (Appendix A) or the fungus tests (Appendix B). As a result of these failures,

* the 6 month shelf life tests for these two candidates were cancelled. The results of the
Q resonance tests are displayed with no pass-fall judgement added. This is because the

* @ candidate materials, which fall into either the acrylated polyurethane (De Soto and
Hughson), or polyene-thiol (Grace) class, do not fall in any of the existing classes of
materials noted in MIL-I-46058 (acrylic resin, epoxy resin, silicone resin, polyurethane
resin or paraxylylene).

%-2
.
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TABLE 1. UV COATING MATERIAL SUPPLIER CONTACT LIST

Company Name Candidates Supplied Contact Telephone No.

W. R. Grace 11 Charles Morgan (301) 531-5711
Dick Bush (301) 531-4000

De Soto 6 John Krajewski (312) 391-9441
Wally Brown (312) 391-9203

Hughson 4 Jim Fonda (814) 888-3611
Du Pont 3 John Wood (215) 896-2358
Conchernco 2 Jim Fischer (213) 222-5111
Dynachem 2 Larry Ernster (714) 551-6101
3M 1 Jack Oeviny (612) 733-6995
Celanese 1 Ken Zeliznak (201) 273-6600
Lilly Industries 1 Bill Richardsor. (317) 634-8512
Mac Dermid 1 Bill Adams !203) 754-6181
Thiokol 1 Betsy Peterson (609) 396-4001
B. F. Goodrich 0 Gary Koch (213) 386-7436
ICI Amerca 0 Joe Lombardo (302) 575-8422
Ini - nt 0 Bernie Howard (513) 841-6100
IYVEXS 0 Allan Puder (408) 737-2760

04
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After the thermal humidity aging test, Hughson RD 3630-21 on th0 test boards
appeared to have a light orange shade. It was agreed at the time ot the oral report at
MIRADCOM in October 1979 that it would be desirable to determine whi;ther the coating
or the board had changed shade by rerunning the thermal humidity aging test.

While preparing for this additional testing, three new candi%-ate materials, Grace
XRCP 432C, De Soto 2633-115-1 (+BP), and 3M L-4637 (a cationic epoxy system), were
received, evaluated, and passed initial testing (see Table VI).

The second thermal humidity aging test was conducted from January through
May 1980 with an uncoated board used as a control. In addition to the uncoated board,
and boards coated with the previously tested Hughson RD 3650-21 material, samples
coated with three new candidate materials were included in the test. 1oards coated with
Hughes SCG material (HP 16-170, Type I) an adaptation of Uralane 5750 (M&T Chemicals
Co.) conformal coating, was added as a control This coating iis routinely used at Hughes
to coat spacecraft production boards. Each type of coating specimen (three), plus a bare
laminate, were placed in their own separate container to minimize the chance of con-
tamination from the degradation of another coating. In the initial thermal humidity
aging test, all samples were run in a single dessicator which could possibly have caused
czrss-contamination of test samples.

T'e results of this test indicated that shade changes during the test period occur
in the coating, v;nce no shade changes were observed in the bare laminates (see Appendix
A). No reversion, -zoftening, chalking, blistering, cracking, tackiness, or !oss of adhesion
or liquefaction of either the Hughson coating or two of the three new can.didate
materiaLs was observed.

The 3M material samples showed evidence of liquelfaction as exhibited by flow
paterns (a nonuniform sag of the coating riused by gravity) acros• the specimen. The
coatings were also slightly tacky to the- touch .see Appendix C).

2-12
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TASK 2. PROCESS EVALUATON AND OPTIMIZATION

A complete process for application, curing and testing PWBs, using UV conformal
coating, has been developed (see Appendix A).

Application

Dipping was the first method used to apply the coating to the PWBs. The evalu-
ation was successfully redirected toward the use of spray application for the following
reasons.

I) Dip application usually requires more equipment (holding racks, holding
fixtures, tanks, conveyors, circulation devices), results in more coating
material waste (coating holding fixtures, as well as PWB assemblies, and
run or dripoff losses), and requires more cleanup after coating, than does
spray application.

2) Since the UV coating material would be inside a container during spraying
operations, instead of in an open tank as during dipping operations, there
should be the ability to spray under existing incandescent or fluorescent
lighting (UV spectrum emission filtering in production areas may not be
required).

3) Implementation of the spray process for UV wquld entail only minor
changes to the evaluated existing Hughes facility for coating PMts.

After thinning each material to approximately 175 centipoise, material was
applied with a Binks mc'iel 26 spray gun with a 785 nozzle. With the air pressure
betmeen 30 and 40 psi, the gun wsas held about 6 inches from the board and the box coat
aoplied (see Figure 2).

Curing

* Equipment

The UV curing equipment used for this Program was Interpress Corp., Model BP
720-1 SPL scan series (see Figure 3). This equipmenz was used because it was already in
existence at Hughes SCG, and has built-in features to protect electronic hzrdware to
prevent component overtemperature, electrostatic discharge, and scant-ing lamp

* interference. This curing equipment is set up in the Hughes SCG Digital Elect-rnics
Production Area near the exisiting PWB conformal coating and UV cured marking ink
process areas. UV curing Wameters for the oven were selected based on previous
experience with UV cu-red •mnkrinig presently used to identify electo•.•c assembiy
-hadware at Hughes SCG.

Horizontal and verticle holding fixtres were fabricated. The horizonta hoiding
fixture (HOFX) (see Figure 04, was selected so that the coa:ed board surl-ce could be
paced .n the foal plane of th*e larnp. Although same ture occurs with a vertical HCFXS
a ccatwng slump to the lower e-age of the board occurs and the focal pJane is
compromised, resulting in lack ofl uniform cure.

S



0) SPRAYING AREA (PHOTO 804M010)

II SPRAYING TECHNIQUE (PHOTO s048011)

FIGURE 2. UV COAT SPRAY OPERATION



a) DOOR CLOSED

FIUR 3. UTAVOE CUIN OVEN
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1.251 In.

I>

3 in

2 in.

FIGURE 4. HORIZONTAL HOLDING FIXTU1RE
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Testing

"Cure Test Boards

The cure test boards (see Figure 5) were 2 by 3 inch pieces cut from Circuit-Stik
GP C8102 boards with. two groups of three, side-by-side, 0.25 inch long by 0.09 inch dia-
meter, carbon resistors soldered to the board sections. The lower surface of the resistors
were mounted to stand about 0.05 inch off the board. This area was hand filled with

- candidate material to simulate a maximum filleting condition under the components. To
- check the cure of coating in shadowed areas, the leads on one side of one group of

"*-. • resistors were cut after UV exposure and the resistors peeled back to see if there was
uncured coating material under them. This was determined by probing in the fillet, and
by finger touch. After the secondary thermal exposure, the leads of the second set of

*a resistors were cut and the resistors peeled back. The completeness of coating surface
cure was checked by rubbing with a dry Q-tip and by touch.

Insulation Resistance

Y pattern test boards, with about 2 inch long standard electrical insulated wires
soldered to them (similar to the boards called out in MIL-I-26058), were isopropyl alcohol

"*. scrubbed, Ajax scrubbed, deionized water rinsed, and oven dried for 2 hours at 200 0 F.
* They were then electrically tested at room temperature with a Model 1863 General
. Radio Megohmeter. All the boards produced resistance readings greater than 20 x 1012

ohms. Dis was a preliminary screening test, since the meter's next-to-last division is at
20 x 10 ohms, and the last division is infinity. The boards were then coated and UV
"cured and the insulation resistance was measured again.

Coating Thickness Measurements

Cured coating thickness measurements were taken using a micrometer on both
the cure test boards and the insulation resistance test boards.

Appearance Observations

. Visual observations were made, usually without magnification, for such items as
bubbles, transparency, color, and cracking using fluorescent lamp room lighting.

The coating was checked to see if fluorescence was exhibit.d when viewed under
UV illumination using a Black-Ray Model B-i00A (Ultra-Violet Products Inc., San

• Gabriel, CA) longwave UV lamp unit.

O

O
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•iI FIGURE S. CURE TEST BOARDS (PHOTOS 80-88122

ANO 80-M867)
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TASK 3. PROJECTED COST/VALUE ANALYSIS

An analysis-of the material costs to conformally coat a typical PWB using the
spray application method was performed. The Hughson material was the only material
that passed all the applicable MIL-I-46058 tests, and was, therefore, the only material
priced. A comparison was made between the coating costs using a CONAP Conathane kit
applied per Hughes specification HP 16-119 (see Appendix D) versus the Hughson
Chemical UV curing material. No cost advantage was determined for either system.
Results and calculations are shown in Table VII.

It is noted, however, that nonquantifiable advantages may be gained from spray-
able UV cured coatings qualified subsequent to this Program, such as:

o No component mixing (excess material can be reused)

* Usually solvent free

* Initial cure in seconds, including obscured areas

The savings that accrue are from the elimination of mixing and ease of handling.

TABLE VII. MATERIAL COST ANALYSIS

Cost/Gallon, No. PWBs Cost/Board,
Material dollar Coated dollar

CONAP Conathans Kit 43.10" 130 0.33
Hughson Chemical RD 3650-21

70% at $51.85 a $36.30
Butyl aceta:.

30% at $27.73 - S 8.31

Total cost $44.61 44.61 137 0.33

Source: *Hughes Tucson pricing
"Vendor verbal quota

(Telecon)

2-20
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SECTION 3

PHASE II

Task i. Production Facility Specified and Documented

Task 2. Delivery of Printed Wiring Boards

Task 3. Industry Debriefing Session Held
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TASK 1. PRODUCTION FACILITY SPECIFIED AND DOCUMENTED

A production facility capable of producing 750 typical PWB assemblies per 8 hour
work day was specified. A survey was made of two of the principal Hughes groups manu-
facturing military electronics systems containing PWBs, These were Hughes Missile
Systems (Tucson) and Hughes Electro Optical and Data Systems (El Segundo).

Personnel contacted at Hughes Missile Systems were Tom Sutherland and Bob
Knorr. Contacted at Hughes Electro Optical and Data Systems (EODS) were Earl Hoist
and Bill C. De Baca. These persons are knowledgeable and activeiy involved in conformal
coating processing of PWBs. The specified facility contains a series of batch-run

K. automated and semiautomated processing machines. This concept, rather than a fully
automated system, was chosen because of high initial implementation cost requirements,
and to minimize production losses due to individual machine outage.

Table VIII lists the materials and equipment required. Figure 6 is the work flow
diagram and Figure 7 shows the facility layout. Figures 8 through 11 are photographs
showing the individual equipment.

S

TABLE VIII. PROPOSED UV PWB COATING MATERIAL
AND EQUIPMENT REQUIREMENTS

No. Cost
Mateial/Equipment Req'd $K Model Solvent

Automatic cleaner 1 40 Electro Klean System: Trichloroethane
2004 In-Lint Solvent Cleaner:
EKS-503 Auxiliary Solvent
Cleaner: 7.5AF Inst.a Chill, with
stands, variable height load mod-
ule, DIGI-LO K controller, end
automatic refill system

Zicon automatic 1 40 Hughson Chemical Put No. 3650-21 Butyl acetate
coater or equivalent
UV cure system 1 20 Screen Printing Enterprises UV

Reactor Model 3P1-303 (modified)
or equivalent

Bake out oven 1 19 Spectra I R Model or equivalent
On4ine inspection 1 5 Conveyor-Black Light
Fume scrubber and 1 10
venting -

Total cost 134

3-2



(

CONFORMAL COAT- UV CU, Re T
LOT SIZE - 100.000 SOANDS MASK AUTOMATIC BATCH
RATE - 750 SOAADS/S hr SHIFT AND CLEAN AUTOMATIC
LINE SPEED/RATE - 134/hr LOAD0SPA

UNLOAD INSPECT 4 AKE U

"FIGURE 6. PROPOSED UV PWB COATING WORK FLOW DIAGRAM

400

"MASK AND LOAD SPRAYER S

AUTOMATIC UV OVEN
C'LEAN

30h3Ot

Ift OAKEOUT OVEN

NLOA I ,.,PICT
OEMASK S4LACK

ItWOR K LIGHTI

FIGURE 7. PROPOSED UV PWB COATING FACILITY LAYOUT
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FIGURE 8. AUOAI1CENR(UGE8OS

FIGURE 8. AUTOMATIC CLEANER (HUGHES TUCOS)
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FIGU1RE 10. ULTRAVIOLET REACTOR

C -

44

FIGURE 11. SAKE OUT OVEN (HUGHES TUCSOIN)
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TASK 2. DELIVERY OF PRINTED WIRING BOARDS

Ten production type PWBs, Hughes Part No. 867218, were procLssed with UV
conformal coating (Hughson) and deliverei. tn the customer (see Figure 12).

* 114

**

* hI1 GO'17M V19W tpHOTO "-*"I

FIGURE 12. PPINTED WIRING BOARD
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TASK 3. INDUSTRY DEBRIEFING SESSION HELD

As required by the contract, two 1-day sessions were held on 23 and 24 June,

1980 at Hughes Aircraft Company in El Segundo. Atnendees !rom outside Hughe! vere:

Name Ortanization Location Phone

James Blust Litton Guidance
and Controls Woodland Hills, CA 213-887-4801

Louis Boccia Lockheed Missiles
and Space Sunnyvale, CA 403-742-393Z-

Jim Brewer Interpress Duarte, CA 213-357-506l

Robert Brown USA MICOM Huntsville, AL Z05-376-5742

Waliy Brown De Sato Des Plaines, IL 312-391-9203

Dick Bush W R Grace Columbia, -MD 301-531-4566

Napoleon Celestine Boeing Military
Aircraft Wichita, KA 316-6,7-2653

anei Cherry Vought Dallas, TX 214.-266-2486

Bill Ciark Magnavox Electronics Ft. Wayne, IN 219-4462-4 L

Tom Clark Ford Aerospace- Newport Beach, CA 71 4.7}9-667 I

Tom C~avon Ford Aerospace Newport Beach, CA 71"759-3096

Irven Coppe-ner Vought Dalla, TX 21 "-Z,6-7355

lari Orlik Lockheed Missties
and Sjace Sunnyvale, CA ;0,.7r- 3.•f

rumes E:weU Lockheed .%i=Ies
a&n Space Sunnyvale, CA 4GS-74-989

I. Flinchbaugh Lilly Los Anseies. CA 21 3-722-731

lames F~orm H~h Eri. P i-S.

Alan Gersmunan Genrwal DyaMIC. Peromcna, CA 7 "1 *-5-6 2 4

F. Mc Daniei &-e in g %I" War y

Aircraft W4chata. KA 3466W-Z63

Dick Moe TRI T edonda beac!% C-A Z.3-5626
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Ben Nieswiadomy Vought Dallas, TX 214-266-3748

t Dan O'Halloran Ford Aerospace Newport Beach, CA 714-759-6351

George Phelps Ford Aerospace Newport Beach, CA 714-759-5674

Allen Puder UVEX3 Sunnyvale, CA 408-737-2760

B. Rocha TRW Redondo Beach, CA 213-535-2493

Richard Schecter Litton Guidance
and Controls Woodland Hills, CA 2L3-887-2160

David Selvis Raytheon Lowell, MA 617-230-0601

Maria Villa E. W. Dorm Gardena, CA 213-332-0300

3-4
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1. CONCLUSIONS REGARDING MATERIALS AND PROCESSES

The conclusions arrived at from this evaluation were:

1) UV cured conformal coating of PWBs can be performed successfully.

" 2) One material, Hughson RD 3650-21, met the objectives of one-part system
(no mixing), and passed all applicable MIL-I-46058 test requirements.

3) Minor shade changes during hydrolytic stability testing occurs within the
coating, but no detrimental effect has been noted, since the lettering on
components under the coating is clearly visible.

4) The material can be spray applied, UV cured, and oven post-cured (25
minutes at 2000 F) using a Hughes SCG developed process.

5) Two late arriving candidates, Grace XRCP 432C and De Soto 2633-115-1
(+BP), have passed all the tests run to date (cure, hydrolytic stability, flex,
insulation resistance, and appearance) and are potentlal candidates for
later full qualification testing.

4-2
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2. RECOMMENDATION FOR FUTURE MM&T EFFORT

It has been demonstrated that PWBs can be conformally coated with a UV sensi-
tive material and UV cured in a matter of seconds. An additional cure (conventional) is
required to ensure complete curing of the shadowed areas (areas beneath or adjacent to
components that are shielded from the UV source).

Recommendations:

* Solicit and test new material candidates to meet the requirements of
MIL-I-46058. This should result in material cost reductions due to
vendor competition.

& Develop combination UV/thermal one-step cure equipment. This would
result in less physical handling of production hardware, which would
reduce costs and reduce chances of damage due to dropping, etc.

a Develop rework and repair techniques for cured coating, including:
removal and replacing of components; patching uncoated areas; fixing
flaws, inclusions, bubbles; etc.

* Evaluate effect of stresses on coated glass body components. If no
sleeving prior to coating is required, the assembly price would be
lowered.

* Develop aerosol spray can coating application method to be used for

repair, etc.

* Develop optimized methods for covering sharp projections on PaBs.

* Evaluate benign reactive diluents as replacement for the resin thinners
used on this program to eliminate the need for solvent vapor exhaust
systems.

4-3
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APPENDICES

A. MIL-I-46058C Test Report - Hughes Technology Support Division
"B. Fungus Resistance Test Report - Truesdail Laboratories
C. Thermal Humidity Aging Report No. I - Delsen Laboratories
D. 120 Day Hydrolytic Stability Test Results - Specimen Photograph
E. Thermal-Humidity Aging Report No. 2 - Delsen Laboratories
F. Existing Conformal Coating Process - Hughes Tuscon
G. Existing Conformal Coating Process - Hughes SCG
H. Detailed UV Conformal Coating Process - Hughes SCG
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APPENDIX A. NUL-1-46058C TEST REPORT - HUGHES

TECHNOLOGY SUPPORT DIVISION
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TECHNICAIL IN~TERNAIL CORRESSONOENCE

ao . . av CATS: 12 November 1979
Ng1 761.2..33/213

su~CC:Final I~eport - Ev~al2uation VO:L. E. Lcmg
of Ultrwriolet (UV) 76-11-33
Curable Conformal Coatings
(Div. 45 Prime Program) . x.a. 33.6 MA4L- sLA. 3B.29

T. cc 5750 (A?)

Qua.1±itiction tests in accordance vitha KMC-1-46058 vere performed on thre-e dif,-
fereat ul1traviolet radi~ation curable conforzal coatizgs. Mhe tbhzee coating
materials verze 9332 A + B fram i. R. Gract Co., 2353-T plus benzoy! perroxide (B?)
from Zesoto, :ac., and MD-3650-21 f.-cm Sughson Chezice2 Co. Mhe W. 3. Grace
and Desoto coatings are two cccqonent materials and the Hughso coating is a
sizgle component material. Mhe WJ. R. Grace and Desoto materials did -not meet
the Mn-1-J6058 requirements for f"g,4s resistance =nd hdclt stabi.it7.
The Ilug!:son naterial me% &I! rq1.z±remen of .ý=.-1-60q08 with the exepticmc
of Q (resonnce).. The Eug~son cating, hove'wer, does zo-t fit into the fI'7e coat-
ing types spec-Ified in IML-I.A60 58. Iev Q (resonance) reuirezmezt "ealues for
th.is coatiag, or for U.11. citzred coatings in gneral, sboulz' be es-tablisted
in order- for ttls tnpe coating to be qual-I-Med to ~~.i08

WIG~ receimd a U.S. A--- Contract, DAAZ 1a0-T8.C-0272, 'to t*3st and evauluate
ultraviolet rad.±atinn c=rable conforzal coatinegs in accordance vith the requize-
Ments of )ML-t-Z--058- S&CG personnel czandcted a su-.ey of vwious coating
manu.act:.rtrs and procared sample coatings. After an ±.mmiti~al screeniag -r.--
cess, the thIree =s-t prazisiz& cand-Idate coatinzgs vere selec-ted for qalia
tion testin6 to %aL-AZ46058. Thze thr-ee candldat* coetizgs ve-e s-ubmitted by
V. 3. Grace Co.. Desoto, Inc., &-id Iu~j.3on- ChemC&L Co.

TSD personne prepaed a=- test apecinem.,, cozducted the tests, excvwt fcr
!*gus resitmance and !rydro.lr-tc stabil11t7, and evuultated t-he resiat.~....

?tngu mmsistaace test vas performed býy t-.4es3ai MAomtor-les, !45,lo
Angeles , &-d --he yj. szablitrr test vas ;erf*-.-ad jy 'Ieljaz ZTestiza
.aborvtorl es, Inc. , Z*--ds..e. S&CG persotnel aLed %I!~ cot an d per-

formed4 te OJ? ueprcdr.Tst deSCript4ons sad acc ition are sbova
iz Table :. "Me test spec-Ineoas vere naLrted vith the fo~lla.ring desipatl1mz
tz idatz.Ifr the t'=-e 41ifferent c~tizs: Z- (Desoto), = OW. 2. crace),
and ýM (3gisn. Te le;tter *S* £n each came stand-s for sprazr tailiclticz.

4 The lete~r des5gmat-Ion 'TLR ~", or 'MIR*~ an test sj~et`mens refers ta ..St
reptat, 2=d repeat apd ", rpeat respet-rel.j. 'te qpetimen vereo !dIi'ied
a.s atclfiei iz T-ae fe ý3-= -.. Is v: -:-;--re and sb4ected, intte
or-ter Sahcvn, --a 0!theiscin th:eL-" u&~
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0TIC 763.1.33/213 Pae. 2 November 1979

TABLE 1. Qualification Thspection.

Eamination or Test Test Me .- od

Cu, nAg.: time and t•pemprstu-.e--- .... .STD.141, Method 406i

Appeaxruce ...... .... Visua.i-10 ?over Magficacis m
Coating thic-Iess - - - - -- -- - -- Micrometer

F Zwesistance -....... ASSA a-a

Shelf lie-.---...
ApVpeaace......- - Vis'a.-10 Pove- Magnification
Insu.ation resistance - - - - -. - - N. -S-202, Me-.bod 302, Co=&. B
Dielectric vitbhszanding voltage- IUL-STD-202, Metbod 301

(--es ce) ........ --. ASA D150 & Pm•. 4.8.8
O The-ma1 seo----- -- -- MU-STD-202, Method 107, Cond. B-2

SAppear oe--- -... See I & U
Dielectric vlt •sand.ing voltage- See 11

Oro=t TV

Appegz-ace . -..------- See I & II
ITsul&atioz resistance---------. See I.
Mo±isu.- res±stance- .... . S-202, Method 106

.A~pe e ........... See I & 11
insulation: resist:ance---, .... ee =
Dielectric vitztandi± v.cl&ae- See U

.le.bii. y-----.......... .s• :1, Method 6221, V/8 .c.. .mn4e-

S3ydr--Wr.Iyc wtb.b•ty---.---- 220 Dans at 85 !1 C and 95 :4%
Rele3tlve aumidilvy

Eroun Vr_

Fle tsi.st.a~ce- "" •T-16, Meth.od 2021
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T'C T611.33/213 Page 3 12 Nove--ber 1979

The resul.ts of the quaslitcsat±c tests listed in Table I are shovw in Tables I"
through rX I. A suamm. of all test results is shown in Table -. Table X_.
lists the de-7 fi1'.ticknesses of all spec4ens bwhich ve-e subJected to tbhe
G-OUp = test schedule.

"Ta"LE II.. Su=a.ry Table of Results.

1'.I1-46-58 Test Reference I U.V. Cured Coating

Table 1 l esoRo W.R. Grace I3bSon

Grm I

Appe~ance ±Passed Passed Pssed
Coating Thiciness I • Passed Passed m"3ased

Group

Shelf Life VI Not Tested Not Tested • Passed
Appes-lrnce VI 3ot Tested No- Testhed Passed

siulazion Resista• e Vr Not Tested l ?Ot Tested Passed

Xelectric Withs-taading Voltage ti let Tested "ot Tested Ps3

;(.e-=-a�-ce).V=, V= , x, I 1/ J 1_ I /
ae.--a.l. Shock I ? I Passed Pused i Prased

Appearance Passed_____ Passe ý5 L. Imt¶ed
Selec••-•i --es+tstanAe a Voltage ______, __ I Pussed Pussea

-. _.:________ _. _........__ . -__ ____ _ _ _ _ ~ A eApe~~c ___________ P&3sed ?mLssed Pasd

___________________ on__Resistance___ImPUsed ?P;ased IPaSM3d
v ~ ois.5ut' ResistaCce I 7 2/ 2/ 1 assed.

A.pesre.e• .I , -'II, ="I I Passed I ?usedP I -,,________...__: ;+1 •. _______i +-,,= I P-u.:+
""......n !esis...m.c M .. 2 .. .. . 1 2//

ziellectric W4 hstandlzg~ 7oltage X.________ P&ssed P ~asse usPsied

___ VI IPassed Passed I?"ss d

A- 5
, ,I, ,



TIC 7611.33/213 Page 4 12 Novemnber 1979

4 _______________TABLE 11 (Continued.).

)xL-I-46058 Test Reference U.V. Cured Coating
Table Desoto W. R. Grace Hughson

Group VI

Eydrolyeic Stability I Failed Failed Fused

Group V__

, Flame Resistance X= Passed Passed PassedIt
1/ The requirement values for this test are different for each generic

co&ting typMe specified in )ML-I-46058. See discussion section of
report.

2/ This test vas ra three times. The Desoto and W. R. Grace coatings
"passed" once (2nd set) and "failed" twice (lst and 3rd sets). The
requirement va.lues are for NIL-1-46058 types AR(acrylic), SR(silicone),
UE(polyurethsne), and XY(parylene). The Desoto and W. R. Grace
coatinm "passed" and "failed" by a small margin in each case.

TA III. Cure and Ap-eearance.

Specimen CurIng Time and Temperwture Appe-rance
Desigation Test Result Requirement Tes. Result Requirement

:Ds 1-4 Time and Passed xrL-I-46058,
_. ..___._e___ Temperature Par.. 3.5

.V. Cured Plus ~ ede
25 Minutes I -e"

:Gs 1-4• 200 oy Air Supphe Passed
____-__ _ Cialat! Oe Supplver

A Pssed

11 Thea U.V7. =--s apps.-sus a Inta-T-press Sca Series 7-1_0-. Me
ligt sourte 4s a 200 Vatt/inch, loV inr.e --7. mercuary vapor l•ap. =Xe
part.s or s7pecimens are cured in the focal plane at a scan speed of
69 lczhes /mizte.

A-6



T 6a11.31/213 PW12 November 19T9

ZOAEL rV. PryYzZ Coati±ng Thick-ess (ZInches).

(Desoto 1 Ifi =S 2 -S 3 IM 4
0.0015 0.002 0.001 0.001

W. R. Grace IOS 1 108 2 -G8 3 103 4~

0.001 0.001&5 7 0.001 0.0031

ahigb cz IS 1 IRS2 IRS 3 =S

0.001 0.0015 0.001.5 0.00

Requirement__ 0.002 :0.001I

TAB2L 7. ?=Vs Resistance L_

Specimen Ra_____~ ting I/

(MIlter Piper)

= - 0 0 1 0

GS140 0 0 i 0
=S 1-4' G 0 0 0

I / Set attached t.est.ea~fc ~us~ .actiT:

2/ ~ Raig a moo a traces of gr~-h 2 a ligi
3 he~~vr7 Crva .u7

A;;esarace :Msulati= Resistaznce Ziellec.ri.c

Cbse.-Va:±OZ Req'uz't-e:¶- Rmls: Re~ equ4:-ea-- T est ResuJ-. -3e q, J ---t~

2 issed 1 015O i23Z-Z-e
P~sseI t 0s.u.'e

?sae4~~~ Pt*1. 0a.

3~ 1  
Tb

4-



TIC 7611.33/213 Page 6 12 November 1979

TABLE V=. (Resonace)- Values :

Speci=en Mea.s1urement Q Value
.- Con,--io- Fequency

DESOT0 I I=M R I11= 2R I 3R hhflS 4R Average Requirement

1 43.402 22.901 35.976 43.172 36.362 50
tIncostei5 50 73.504 73.097 71.972 71 .573 72.536 TO

"" - _ __O 77.329 83.6T8 89.4•T 68.89T 7 9.843 TO

1 54.396 57.623 57.623 56.T01 56.586 -
Coated 919 75.171 I T3.126 76.782 76.069 -

1 100 83. "9 80.,465 79.362 8L.L 81.303 -
coae= Spe- 1 42.306 35.694 38.2414 38.2I 38.622 -

te 24 Ir. 50 52.O16 46.70T7 47.656 49.774 49.038 -

"!n.-x at er) 10o___.38- --
W. 4. GAI ]B I G 2-R IfL=GS 3R :G 4R Average Requirement

I 46.T68 4 3.171I 46.7,68 37.2.14 143.480 I 50

Unoaed506T.688 1 72.930 74.633 71.972 1 7..8101 ToS Spec"'* [ I. 64.705 J7.496 67.94i 67?.941 67.771 1 TO

Cot~1 I55.318 55__31 53.1474 56.240 55-085ca- a0 7 -80.185 T4.IT1O 79.0914 75-.3T 77.297 --
100 86.173 8 4.593 89792 84.593 86.28
1•.e. 9A,. 1 38.244 27.006 27.008 38.244 32. 62 _

"-er 24 Er 1 "50 48._- 4T.122_ 48.715 4 39.T34 4 .. 2... .

I~r n 10 8.63 8.9 8833 79.6T6 82.900 ___ __

-d34352 26 .4T3 25. 1 ?.2.95 2_.62_ 50
Speimns50 74.653 T 2.6971 73.97 1 8561 -5.5C2 V_____

II .T i 6. 941 1 66.5.54 3390 68. i i 69. i___ To i

1 zo I 53.013 56.24o I 55.318 I36.879 50.362 I
1.0 I8.99 038Coated 40 307 080f ~ I~~ 85.0291______

Ica "n, 8 .9 I l. -79 iz _______nn

c-,,em s . 38.24L 3--690 3a -.69 0 41-665 35.e22 -

_. 51.362 5 0,
ter 214 ir. 50 ______ _49.__29 V c84

_i0_ 03_72 8T0.7 r5 0.7.5 j3g....8 96.32'T -3

* :1 f(es=&--ce) tesi.~ mg at~ I=~ asbe l-m:. c--.c5per
-, n-m: ,. 3 A,-r" 1979.

A-8
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'TIC 761-1.33/213 Page 7T 12 No'vember .979

~A3~ VI. (Rescna~cc) Vaslues -Add±4ticn&2

S_ -sn Specimens (3rd Set )i.

Specimen Measur-euet* 7~u
Cudt.Frequencyr_.-__'e8e~ '

1, 68.330 6833 7.020 7.024 71.7 50

Uhcoazed 
IT.2 40 TIT1

Specd O,•n, 50 89.824 a6.805 88.808 90..l4 88.895 TO

100 83.169 T6.41•4 76.988 81.802 79.60O TO

Coae I 56.2T7 86.753 58.325 5T.503 64.T,3

50 T0.369 6T.550 68.T84 3..68 69.51T -

S100 T78.359 T5.523 T6. 12.5 T4.253 T6. OTT -

Coated Spe-. 1 55.423 53.575 52.0651 42.375 51.006 -

m (A:- 50 6T.T02 68.658 -5.5542 73.96 T71.466 -ýezr 24. a.v
1=e.,-i00 68.881 68.881 71.306 6T.93i 68.999 -

!a• Vet er

./Sees Tasble 7--, fowote 1..

SABLZ 11. Q( eson=ece) 7alu.es - Addit-2...
sughsou Speci=*ns Mz- Set 2

Speci e nsur ________ q Value
ca;.iicn ?reqMC.

________ _______ 688,'..363 68.836 al.985 ~.16 .1.24 5

- Iml. . . . . . ..IC .' -m . 74' . T .3 -T6.6

=/~~~~T. 5e,, 0'•. ,: a,•• ,

I- -,,-, -79 IT a.C 60 7828 7.!;
506.0 a.ý 6.6'J.- 5
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TABL- X. Per. Che , ange in Q(Resonance) i/

Specimen Measu'reent Percent Change In Q
Cond-I:ion Frequency ...(Naz) • I-R IIZGS !-4R 1II 1-4R TTIE I-4RR IMI• 1-4?MRR :,equ:Lr-me~t:

2_/

Be eA 55.6 26.T 104.5 9.1 .1 9

Af ter 10 4.9 L .__13. 21.8 _.0_19

100 1.8 27.3 _ 5.0 4.4 13.8 9

Befor Ad I 31.7 40.8 28.9 21.2 1_.4 9
A.•ter 24+ ar. " ..

:ersion 50 35.5 37.0 39.8 2.8 8.9 5
Zn ;ater ' 100 1.1 3.9 4.0 9.3 2._ 7

if See Table V"1, footnote 1.
2•/ These reV--"e=em lues z--e for acryl-ic (Type AR) coati.gs =n17 (See 1%0,-4-46058

upon acceptance or rejecti= of these coatings to the Q(Resonance) test. A newgclass±?lcsatio, U.V. * should be established mnd nasri-tr q(BeSnnnnce) -4-.CteM~

A-10
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TABU• XI. Therm.l Shock V

Specimen Appeemance Dielectric Withstan•.dng Voltage
Mbse-vation qRequirement Test Result Require=ent

(_M__croreres)

DESOTO

II•S 13 Passed 4 0. 48

-. SIIS Passed j 0.50
rrfl 33 Passed 0.50

flD 1aR Passed 0.4-8a. R. GRACE

IflS in Passed 0.52
IhIGS 2. Pissed 0.52

,IGS 3B Passed 0.48

IIGS 41R PAssed 0. .0=- , l, , , ' •O D!ruptive
0 3U3S0N MILU-I-.6058, Discharge.

(2nd Set) Pars 3.5 Leakage Rate

=13S 13R Passed 0.50 ShbaL Not
.. Exceed 10

IT" 2R Passed 0.52 M-4'pe.-res
___33 Passed 0.52_ _
==s 4R 0sed.2

-(3rd Set)
-Ins L- Passed 0.__8

T1131 2! J1- Passed j .50
MIIS 3RP. Passed 0.50

,/tierza;. 52;oct '-esv vas =Zr CZ 3Pe--; Ze S -
Sz ,, •r ••

0
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E-4 X 4 )
to ,*

0 0 0* 0 .- s 0
rod. .

- ~. z -

1-4 m ?14 t4 H. +a qooýp X-4 x m4~ 0) * N
UlsUUs 1 U~I U )2 3

-f -% r.4 N - NvS

Nl cu CY cm N cu en 4,m tn. v
.43 f-S 4 v-4 r-4 0-4 H F -I r4 f 4 34 c a

E434 000 00 0 0 00

V $4 ~ ~ .m.3$

co4 u*4u 0 Hý 004

*Y %0N .0 *o *u cc: N

A_ 02 cc% u c 0 c 349t

a3 000~ 000 . .~
43 c4 -4 u 'Su- tn M-4 I S

-- U -T - 50%

-4 00 HO C4' 0
43 0O%% r4%O ,4 1,4 .0 0 Ep40
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TABLE ZV. Dielectri4C Wit'-Sta~d_±= Voltage1

Leakage Current (Microseres)

2nd Set 3rd Set Requirement

Spec-.en Test Specimen Test.
Result Result

DESOTO

Z 13 1.057 0D .4~8

z7D 23 0.86T 17D8 2 0.96"

43B 0.95T I 3 1.08

rvs" 4R .801:: =_ _ _S 4 0.50
| I

• . R.aP.ACZ14__ _ _

ZTGS 1. 1.082 XVGS I o. 48 So

IVGS 23 0.910 "VGS 2 0.f6 Discharge.
Leak.,e t•ae

330.6957 :::Gs 3 1.08 Shall1 Zlot
"---ceed 10

TG7 C R 4.pl Xl-c 4 i.12 Mcroa=peres

73 1i 1.01.T 1V 1 0.52

172• 0. 339 7-#S 2 0.58

41735 . 1.i58 1=5 3 0.54

S4 0.763 __.S _ .. 6 _

-/ T-e 714t.ec- : ",stacm!.zg ";oltage -uS =t= Ls-. set -of s3ec,.zei.

A-0
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TAL X71. 'Flerbility Test.

Specimen Cbservuation Requi~rement,

* . vfS I Pa~ssqd

VDS 2 Passed

- VfS 3 Pa.ssed

VDS 4 Pa~ssed

VGS I Passed

VGS 2 Passed NO Crt,4l

VOS 3 Passedg or :razing

VGS 1, Passed

VES I. Passed

VW 2 Passed

Vo 3 2./ Faie, 13/V16 Ich ac_-

VHS I& Passed

M__________ Passed

2.1 "14s test specimen h*A a coatim.g tbhickmes of 0.005 inchesO
(5 mil.s) at: the edge ot the specimen vhert t.he :&!:-=I
ocic-rred.. Me coatizg th~ickess for types 2?(&sc_-yi c lI

* R(e~cxy), and W~poixurethane) stall be 0.002 zO.001 lzcý:es.
For -.7-e XYlf;&ryleue) , the couttifl tnick ess sha.Z be
0.0006 .--.007. I'Aches. For -.- e S(.±netbe coattim-
t.~.c:=ess shalL be 0.00C0 -0.003 i.zchies.

A- 16
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TABLZ XVI:. Eyd ortic Stab±1±ty 1

* Specimen -A_____ A eas/oe-uion _____________

DEOT After 28 ra~ys A:Me? 56 Dwrj After 84Days After 120 Days leurmn

vTIM 1 #4 Sli±ht1y Warse CoatingY~~
S i:tSligh~t Cor.03osi Crrson, tures, Cor-

mS2 Discoloration Tackiness, an~d Tac-leciess, a.nd rosion,
V=Ss o3A~so Lcss of Adhe- MIL-R-55182

sion esistor Mark~-

___________ Iing t11eg.-1

'r::S 4' Co~tt-.- Cotrti C cnt -. -Zicontrol]
4 . R.. aRC

VIGS 1 zxtreme Severe C~p1ete Ilever-. -- ~C
VTIG 2 sght orrsicn Corosio, sof Corrosion, Paz&. 3.15

VGS 2oraio COTackines MOTo, TA-551,82
Dicoos~n TLkm $S a~nd TiCk±~eSs, and ';esii'.pr mari-

VIGS 3 4Liquefaction Liquefaction I:-gs TJIlegibole
________ _________Of Coating of Czat±ag 3/

Gs 4 ContraI__________ Contr-31 I Cont.11 2/

SV-t 4 #t Add-±ticnal2 ~ Io Addltional' Ba~rko-4n
ýAxka-4 I De ~aion All Resistor

V:3S 3 IMarkng
I I Legi___ t~ble 3/

I Coztrol Control I C~ut-.- __________ ______

1/See &s--acze4 tert !tna fm Ze2sen. Teatin.; Ubartories, !zc.

2! 1-2s czt.-l s~pecizezx lu sl tz t ac~' to the tou~ch &ftw 120 dv3r V. 25 0C =
50 ;arcteat re.3..&±ie

V/ !.-er are. tvo 5--st~st = emch test spec±.zen. n~e !J-.A-3C4 -es-s.s'r is

A- 17
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TABTL2 XVIII. Flame Resistance.

Specimen JObservation Requirement

VIES 1.

VIES 21

VIIDS 2

%IIS 4

VIZGS 31 tr2 ~to,

VIGB 2 hn

V=Gs 3Afe2 gion

_G 44

SIS

A-18
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TABI,• • . Dr; 7-1= Thickness (Zches).

Specimen U2co&ted Total I Total Avproxizate
Specimen Thickness Coati±ig Coating Thickness
•±ickness (Both Sides j =kTh ess Per Side I/

______ ______ _____ __ _ Cocated) _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

L, 0.059 0.060 0.001 0.0005

= 2s mo.o61 0.0625 0.0015 0.0007

Iz 33 0.063 0.064 0.001 0.0005
II7 4R 0.060 0.061 0.001 0.0005 1
W. R. GRA__ _ ___ ___CE_____
TZGS ., 0.0o8 0.059 0.001 0.0005

I,=GS 2.R 0.060 0.062 . 0.002 0.001

=IZG• 3R jq.59 0.06. 0.001 0.0005

_I_ __ 4_ 1 0.062 1 0.063 -0,001 0.0005

Zs ý13 0.059 0.060 0.001 0.0005

* :S 23 0.c62 0.063 0.001 0.0005
S. 3R .6o 0.0615 0.0015 O.007T

I ~s 4R 0.062 0.063 0.001 O.0005

3 L 0.058 o0o.0 0.002 0.00.1

Z-S 23a 0.059 .0•5 0.0025 0.0012

ýS33 .w 0.61 0.002 0.001
= R' o.o6,, o.o63 0.002 0.001

ox3 .6.1 0,06245 0.0035 0.3017,

3•- :.:61 o.c6 o.0oo03 0. 015
=S 33 0.062 0.0645 0.0025 0.0o1

4 - 0.062 o.o645 0. oIJoC21 0_____== ___

" b/ The d?."4 '- t. easi o "--of e -cn eat side :- .e Sp,-f-a

4 wsV 2Ot =-euViQd seA.-Mte.7. =:e t.otA ¶, !=s CI O.O
sides vas =eszured acd ± '4T.ed t wvo. ths, e co:. -

A-.-9
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DISCUSSION.

The Desoto and W. .. Grace U.V. cured coatings failed the %ungus Resistance,
and Eydrolytic Stability Tests. These tvo coatings, therefore, are not accept-

- able for inclusion into ML-I-46058. The Hughson coating met -'1 requirements
of MIL-I--46058 with the exception of Q(Rescnance).

The U.V. cured coatings do not fit into any of the five coating types speci-
"fied in MIL-I-46058. The "percent change in Q" values for these coating types
vary considerably from one to another. Ney Q( Resonance) require=ent values
for the U.V. curable generic type of coating should be established for quals.-
Sfication purposes. The Rughson and Desoto coatings are based on a urethane-
acrylate resin system and the W. R. Grace coating is based on a polyene-poly-
thiol resin system. The Q(Resonance) values for the Desoto, W. R. Grace,

"-" and Hugson uncoated specimens in Table VII did not meet the mini- m Q require-
ment at I.ýE?: for the MC-P-3.3949, Type GF laminate =in.erial vhich was used to

Smake the test specimens. The "fpercent change in Q" values (see Table VII),
before and a;ter coating, for the 11=S 1-4R, ziZGS .-4•R, and IIIS 1i-4R speci-
mens are, therefore, not significant at 2 Mn.

The Desoto and W. R. Grace coatings were not retested for Q( Resonance) nor tested
for shelf life cha-acter-stics because they failed the hydrolytic stability
test. Two additional sets of Rughson Group III specimens, .S 1--MR and
II'2.S 1-4MRB, were prepe-red and subjected to the Q(Resc6.ance) test. The "Per-

* ce-t change in Q" values for the =13S 1-RER set of specimens at I Mz, before
and after coating, and before and after i=e-sion in vater should be corrected
because of an inconsistemt Q value for one of the four specimens in that group.
The Q value for coated specimen I= 2M at I ME-* is much higher than the
Q value for the Other three specimens at 2 M•z (see Table V=-). This Q value,

S86• 53, should be deleted and the other thr-e-e Q values averaged. Mhe cr.- •ted
*. average Q value vill then be 57.366 instead of 64.,-3. "Me cor-ected "percen-.

c-hang.e in V" value for the 1=M -1 -HR. set of specimens at 2. 1 z before and
" after co&--tg v4.ll be 19.4 percent instead of 9.1 percent. The corrected "per-

cent change in q" value for the Z=S I-..R set of 3pec'-ims at 1 M before
and after i~ersion in vater will be 1.1.1 percent instead of 21.2 percent.

SThese correct-ions reflect more accurate values for this set of H-,ghson speci-
meas . .1- is not unccon to get large variations in Q values due to ccnta•na-

-'=n or moisur.e effects. t is reccei-ded -ha ar. least two sets of four
3 s*ecl-ens each be used for futwre q(Rescnance) testing to c=persate for spe-

-mens vith %iordi-ate" Q values relevnut to =st of the other Q values vithin
the group. Q(Rescn-nce) testing at 100 )ZO has been le-.1imated fr- . Z-,.-I_6058
per Amendan•t 5, 3 ApLW.1 19T9 , and should no longer be 4-.clud"ed for a&= 7'--

_O vcrk.

• t has been stated that the 1ugso U.7. coating passed the htdro.13tic sa&.-
* bill-"7 test elve a£bzu the coati.ng d.-rkened (tur-ed amber) after the 120 dAX

aest (see photo) . rL--4•.058, paracrw. 3.15.2, states that %€diticaTr4•
-s= tlnot cause coating discolratian greater tWha any discolorastio of te

• cantral panel". "Me Project Hs.aaer, J. R. Fay, sh'aued the exposed by•-roltic
stsab±.2 ty• test specileens to the co ui~ant U.S. Ar.- person.el. .1--e U.S. A.M

"" positian vas- tha the exp-sed Bughscz coat4 g exhiblted a "sh-ade ch•age" and
not A. COC CtI.ge. This shade c•-ege or dr-ealz of the caatijVs co=s1d-
"ere-d Lc:e7tch.e to U.S. A.--V revlevwi=; personel.

A-20
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The U.S. Ary requires at least two approved sources of U.V. cured conforzal
coatings qualified to MII-,I"6058. Future york rill include tbe evaluation
"of an additional U.V. cured confor=al coating submit-ed by W. R. Grace. The

i Hugbson coating may also be retested for hydrolytic stability. The foregoing
activities are predicated on a time/cost extensl of the existing pro-am
contract.

Approved:*..R. A. Duinaetz, Head
i• Adbezivt. & ?Iz~ihes Sectio

LZ.:dlb

A-21Si
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TRUESOAIL LABORATORIES. INC.

Alai N. FIOIUKROA STRtE
,.HgMISTS - MICROSICLOGIST8 ENGINEERS L oa 0ANOCLES 9006

CAA COOC 213 * 225 - #ad,

C A 16CI ?A UCLA&

NugJes Airczaft Company
C~nT Cntial an ToleDATE July 16, 1979

Culver City, California 90230
AT7NI: Mr. George Acosta Bid g17, M/SJU32, RECVED/ ?Iay 30, 1979

SAMPLE Lynn Lars, Bldg 3160 M/ 12 L.ABOATR NO. 26840
Tresots of coatad glass (four specimans each)

* Cant-act No. DAMK40-79-C-0272
P. 0. No. S4-403253-Ft~

ThVESrXGATION Funguzs R.esistance Testing (AS=1 G-21-70).

RESULTS

* ~Fifteen day cultures of the iollowi~ng pure cultur* fugi -mere hax-astesd,
V213hed amd thair spore counts adjusted to 1,000,000 L+ 200,000) per 21.

Qm~nism ATCC W~ber

Asperaillus niser 9642
penicii li= fmimculos= 9644
Chaetc~iix globosizm 6205
Triclhode-=a sp 9645

~dua~apulluI.3ns 9348

The spore suspe~nsions were c~bined anid sprayed onto the sarples d
coatrols which were placed an ster-ile muzz.1-enc Salts agar. The scmPles 'wcra
incubsatd at 30% for 23 days and ext-ne4 ve-Ql. Te =11%11ts are g-ven bell~:u

S&=tC Defzl~t~icr 7 davs 14 davs 21 lavs 1-8 d

*1.. rli;tchon Class panaL~s, 0 0 0 0
M, 1.-4

2. Desoto G1.ass-?anals. 0 0 1 1.

3.Grae qlass 22anls, 0 0 0 1

*4. Ccut~rols (~iilta= apcr) 44

B-3



TRUESDAIL LABORATORIES. INC. -2- Laboratory No. 26840

*Rst•uig: 0 g no gmowch, 1 traces of growth, 2 light gr-erh,
3 " oderate growth, 4 a hampy growth

Tha saP•31o are being returned by separate cover.

"Resp&Ctfully submi tted,

b' ~~UESD&! L TABM Oa&S, lc

Lori".. Schiller, it. s.'~f V hiaef Microbiologist

_A



APPEN'DIX C. THERNLAL HUNIMDITY AGING, REPORT
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A
. a:'1%iT TESTING LABORATORIE.S, INC. (213) 247-4106

131 FLOWER STREET a GLENDALE. CALIFORNIA 91201 (213) 24.'L517

"TEST REPORT

HUGHES AI.•_-AFT 10/,5/79 1 ! 4
Cantinela and Teale WXaIft P.O. Y4

Culver City, CA 90230 T 16459 S4-4032547

As noted 27273

THEI4AL-FL.ID ITY AGMNG

DESC=.-T06N : Twelve (12) specimens, identified below, were sutmitted
for The.al-humidity aging per MiL-I-46058C, Amendment 4,.
paragraphs 3.15 and 4.8.12.

GROUP 'SEZR= NumEMS

"I VI GSI, VI GS2, VI GS3, and VI GS4
II V1 DSI, VI DS2, VW DS3, and V1 DS4

III Vt ESl, V: a52, VI HS3Z and V: HS4

Speciman 4 of each group was maintained at 250 C and
50 pe:cent relative humidity as a control.

=TST M.THOD : MiI-4q058C, Amendment 4, paragraphs 3.15 and 4.8.12;
Fed-Std-141a, Met-hod 4061.1.

* M 3.15 Thermal-humiditv ac4inc. When tested as sp.:1d
in 4.8.12, tie co•atian maer-".als shall eet tie' follow
requiremen-s:

3.15.1 Hydroyi-ic stab.iitv. There shall ba no evidence
of revers-ion as indica:ad S•y so•fen_4ng, chalking, b!iste'ing,
cracking, tackiness, loss of adhesion, =r !ique-act•on.

3.15.2 Discoloration, The examiznaticn shall deter-mine
legibility andd isr..uishabi2ty ie
and colqr cedes used to ideti..-ly -arts. Cnd4.4oni.- sh.all.
not cause coating discolcration greater than any d.scooraticn
of t.he contzl 'panel.

As 4 .t v wwostc^ %* aoft.. e w *adRwe m" oq *t " -I wo

4ma411. U" *0 lu,% 'w~)q.* -A."4 w -a on". W ot ea, wo ev-cf fts ~
-- M W# W % *Wf tW- . W* C~0Gd C..w.'...

IPSA*C POWO OtWA't1 *t1d



' D3EX-wMM2W TESTING LABORATORIES, INC. (213) 2474106

it M1 FLOWER STREET * GLENDALE, CALIFORNIA 91201 - (213) 245-8517

j-T T 16459 p, 2 O 4 ,

. ROCEDURZ- 4.8.12 The-mal-humidit• aging (see 3.15). One panel shall
be maintcained as a control at 25 0C and 50 percent relative
humidity. Three panels shall be subjected to 120 days at
85* + 1*C and 95 + 4 percent relative humidity, and examined
as f~llows (using-normal or corrected 20/20 vision):

(a) After 28, 56 and 84 days of exposure, the panels
shall be returned to 256C and 50 percent relative
humidity and held for 2 hours. The panels shall

*O be examined following each exposure and then
returned to the chamber for continuation of
conditioning.

(b) After the 120-day aging period, the panels shall
be returned to 25*C and 50 percent relative
humidity and held for 7 days. The panels shall
be examined and compared with the control panel.
The panels shall also be tested for tackiness in
accordance with method 4061 (Dry-through for
varnish, lacquers and enamels) of Fed-Std-141.

*. ZSULTS

EXCR7Z 'PrRZD ESULTS
(-DayS)

28 All nine specimens met the reqiu.ieme•ts of
paragraphs 3.15, 3.15.1, and 3.15.2, except
all were slightly darker than the control

a spe~imens.

5 36 (1) Specimens GS1, GS2, and GS3 showed ext-reme
corrosion, tackiness, and liquefact.icn. The
resistor color codes a&d identifications were
readable.

(2) Specimen~s DS1, DS2, and DS3, showed slight
corrosion, tackLness, and lcss of adhesion. The
resi.s-or color codes and identi-icatins we•e
rearada-ble.

u .. 01 0.6"~ s aft owem. ta...s.. Mae"M a ?wt. - aw a% u* "Sot .o a'o < M.b" eado

-0.00 ,i,- 0- , . - "W. M. o V" o•e",. e W&WW wo . W060% wtaf.v i+~. -Vftmm VFW

TEST04C & MESEA3C14 &NO DIV9LOPUENT

* i.J. : • . .. +° . .



303EX-•L6=2W TESTING LABORATORIES, INC. (213) 247-4106
.1I IFLOWER STREET * GLENDALE, CALIFORNIA 91201 -,(213) 2455-8517

C

1 ... T 164S9 IP.3 4

.MS.TS (cont-inued)

=OSUIRE PE.If RZS13LTS
W(ays)

56 (3) Specimens HSI, ES2, and HS3, met all the4 requirements of paragraphs 3.15, 3.15.1, and
3.15.2, except for additional darkening of the
coating.

All nine specimens exhibited measling of the
base material.6

84 (1) Degreda-.ion (including corrosion) of
specimens DS1, DS2, and DS3 was slightly worse
"than that noted afte.r 56 days.

(2) Specimens GS1, GS2, and GS3 were severely
corroded and showed seve:e liquefaction and
tackiness.

(3) Specimens HSI, HS2, and HS3, showed no
additional degredation since the 56 day level;
except for additional blistering of the base
material.

120 All nine specimens showed addi-.icnaI deg-edat,-4on
fom •that noted after 84 days.

-20 days plus
7 days at 250
S and 50% R.H. (1) Specimens HSI, HS2, and 1!3 met all --he

requirements of paragraphs 3.15, . nd
34.15.2, except for --he slight darkenr.ng of h.e
coating,afte-r the tackiness test of Fed-Std-1431a,
Method 4061.1.

mon aw W "' ft dm0w p.M . d Of" .i..* C,..p -Wwww* V"W .0. ft 0mto 664 -."% -W WOOw WM n* 01-a
oW-00W *o0 4W- ý W $%%* &WN% ftM~t on our OU~ft W ww tf-**M P"W %"Vft 0 -

• . - , - " :1 • :+++ . . - p-+ , ... - ""

*N R, -IANCH o&S.40 -1EVIELOPuattl



3M3MX-"MM:2C TESTING LABORATORIES, INC. (213) 247-4106
10M1 FLOWER STREET * GLENDALE, CALIFORNIA 91201 (213) 24548517

T 16459 4 4

'...SULTS (continued)

DOSURZ PERIOD RESULTS
(Days)

120 days plus
7 days at 2S"C
and 50% R.H. (2) Specimer-s DSI, DS2, and DS3 met the

requirements of the tackiness test. Fractures,
not associa,;d with the tackiness test, were

* also noted on all three specimens. The markings
of the MiIl-R-55182 resistor were totally illegible.
Also, the conitrol sample, DS4, was slightly tacky
to the touch.

(3) Examination of specimens GS1, GS2, and GS3
Sat 40X magnification showed the coating had reverted

and dripped from the surface,; only a thin, dis-
continuous, tacky film remained.

Photographs of one specimen from each group were
sutmitted to Ed Anderson, Hughes Aircraft Co.,
after 68. 84, and 120 days exposure.

All twelve (12) specimens were retu.rned to client
for fur-.her evaluation.

Res-pectfully sumilritted,

V--os 00 0-w a* P01 OW *a&* ri P- W. ow -"" *-0 9W we 6a e b. -a de.- ft *"a 4 0 m

- -. • •,•m C.•Om.wO. - , a

C -6
TESTING R USEARCI MO DIVELOP6EMT

• S i .. . ,1 •• .•:• . . . . . ... . .. . ... ". . . . . , . . . .,.. ..



APPENDIX D. 120 DAY HYDROLYTIC STABILITY
TEST RESULTS -SPECIMEN PHOTOGRAPH
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CONTROL EXPOSED SPECIMENS

'' -

HUGSONCHEMICALS RD-3650-21

DES' INC 2537 LU B

AIN

9k~

W . GAE O 9332+
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APPENDIX E. THERMAL-HU.MIDITY AGING REPORT

NO. Z - DELSEN LABORATORIES
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3=M Cj4S : TESTING LABORATORIES, INC. 231245-8517
*1031 FLOWER STREET *GLENDALE, CALIFORNIA 91201 (213/247.4106

TEST REPORT

*~ HGE AIRCRAIFT 01 //0Jq i7~g

Centinela and Teale
*Culver City, CA 90/230 T 17157 28-716201LBN

4whtian

As noted None

TH~EP UAL-HUMIDITY AGING

DESCR'IPTION: TIwenty-five (23) specimens, identified below, were submitted
for Thermnal-humidity aging zer MIL-I-46058C, Amendment 4,
paragraph 3.15 and 4.8.12.

* GROUP SERIAL N!JMBER

I MS-i, MS-2, MS-3, YMS-4, MS-S
17L GST-1, GST-2, GST-3, GST-4, GST-5

III HSR-1, HSR-2, H'SR-3, HSR-4, H3R-5
IV DR-i, DR-2, DR-3, DR-4, DR-S
V 11P16-170-2., HPIS-l7O-2, a?16-2.70-3,C EPI6-170-4, HP16-170-5

Specimen 4 of each group was maintained at. 251C and SO
percent relative humridity as a control.

Specimen 5 o! each group was an uncoated control exposed to
* ~the Thermal-Hiumi~dity Aging along with specilmens 1, 2 and 3.

Three speci~mes of each coated tyvpe plus one each .Lncoated
specimen (the con11trol for that part4-icular ccati~ng group) were
placed in an individuall dessicator us-ing a dif'ferent dessicatc:
for each of the five different- coated material specimens. A
total of five dessicators were uszed. Except for t~he Teflon

* specimen hol.der, no other mater-ials were in the dessicators.

S. ýqus e-4.0ýa te. f0T.Oia "a ~
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0O No

i T 17157 PC" 2 of 7 peo

TEST M.ETHOD MIL-I-46058C, Amendment 4, Paragraphs 3.15 and 4.8.12;
KcFED-STD--41A, Method 4061.1.

.•QUIRE.MENTS: 3.15 Thermal-humidity aging. When tested as specified in
4.8.12, the coating materials shall meet the following
requirements:
3.15.1 Hydrolytic stability. There shall be no evidence of
reversion as indicated by softening, chalking, blistering,

cracking, tackiness, loss of adhesion, or liquefaction.

3.15.2 Discoloration. The examination shall determine
legibility and dIsti.n1uishability of identification markings
and color codes used to identify parts. Conditioning shall
not cause coating discoloration greater than any discoloration
of the control panel.

FROC-DUKR : 4.8.12 Thermal-humidity aging (see 3.15). One panel shall
be maintaained as a control at 250C and 50 percent relative
humidity. Three panels shall be subjected to 120 days at
850 + 1'C and 95+ 4 percent re-ative humidity, and examined
as f~llows (using normal or corrected 20/20 vision):

(a) After 28,56 and 84 days of exposuze, the panels

shall be returned to 250C and 50 percent relative
h~umidity and held for 2 hours. The panels shall
be examined following each exposure and then
returned to the chamber for continuation of
conditioning.

(b) After t-he 120-day aging period, the panels shall
be returned to 256C and 50 perceunt relative
humidity and held for 7 days. The panels shall
be examined and compared wi th the control panel.
The panels shall also be tested for tackiness in
accordance wit-h Method 4061 (Dry-through for
varnish, lacquers and enamels) of YED-S.D-141.

Otlcb. 33-~pn jet V' 1A,1 -to". whtIPfte, 0% W M. :Al Ot C; One t**%I c& E- rlv I~fC tetvw f --C shy adon 0
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RESULTS:

A. Visual examination after_28 days exposure

Group I:

-4 MS-1, MS-2, MS-3: Light yellow-brown streaks were noted along
the length of the specimens on both sides. These streaks appear
to be where the coating is thicker. Otherwise, the specimens
have discolored only slightly. Al1 other requirements were met.

Group 1I:

GST-1, GST-2, GST-3: Only slightly discolored. Meets all
recuir•ements.

Grbup IlI:

C€ HSR-l, HSR-2, HSP.-3: Only slightly discolored. Meets all
requirements.

Group IV.

DR-1, DR-2, OR-3: Slightly darker (brown) than HSR and GST
specimens.

Group V:

.P2.6-170-l, HP16-170-2, HHP16-17C-3: Moderate brown with slight
orange tint. Meets all other requirements.

NOT-S.

All five bare l!ainates showed a ver-; slight darkening .n color
(darker green).

A& a 0"W ' aflce "3 the0 auh one Zet -f t .*'Aba*~tzo -C. ift-t '#:m" ý2 0#t_ -4% of, .. cko V*q A9 Is~
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B-. Visual Examination after 56 days exposure.

Group I:

MS-I, MS-2, MS-3: All three coated specimens showed additional darkening
of the yellow-brown streaks previously noted at the 28 day exposure level.
MS-i and MS-3 showed a'sliaht loss of legibility of the MIL-R-55182
resistors. The MIL-R-55182 resistor of MS-2 was completely faded away.
7There does not appear to be any change in the coating in the area of the
resistors which would be attributed to an interaction between the marking* ~ ink and the coating (when examined at normal (corrected) vision). There
was no loss of legibility of the MIL-?.-39008 resistors. All other require-
ments were met, except for a slight amount of corrosion along all conductors

Group II:

GST-l, GST-2, GST-3: Only slightly discolored. The markings of all three
MIL-R-55182 resistors were completely faded away. Meets all other require-
ments, except for a slight amount of corrosion alor.4 the conductors of
GST-3.

Group Ill:

FSR-l, HSR-2, HSR-3: Only slightly discolored. The markings of all three
M..L-R-551S2 resistors were completely faded away. Meets all other require-
men.ts, except for a slight amount of corrcnian along the conductCrs of H$R-3

Group -V:

DR-1, DR-2, DR-3: All three samples con.tinue to be slightly darker t•thn the
RSF and GST specitmens. All markings cf thne M: '-R-55102 resistors are
c=.P-eel•y faded away. ?Meets all other requirements.

Group V:

HP16-170-1, HP16-!70-2, HP-16-!70-3- All arkings on all resistors are
ca-pletely legible. The coatings are somewhat darker. The OY" pattern
seems to be darkened, also. Meets all other requirements.
NC-4O: All five hare laminates showed a veny slight darkening in color.

(shift alnost i;.,percept able).
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C. Visual Examination after 89 days exposure.

Group I.

MS-i, MS-2, MS-3: All three coated specimens showed additional darkening.
The markings on the MIL-R-55182 resistors on MS-1 and MS-I were only
slightly legible and completely gone on MS-2. The markings of the MIL-R-39
resistors were totally legible, except for the gold band. MS-2 showed
considerable corrosion on one lead and terminal of the MZL-R-55182 resistor
There was additional corrosion of the y"Y pattern conductors. All other
requiremeunts were met.

Grou2 I!:

GST-'. GST-2, GST-3: A-l three coated specL.¶ens showed a slight amount of
corrosion along the "Yf conductors. The gold band was partially gone on al.
thiree specimens. Otherwise, there was no apparent change or difference fro.-.
the 56 day level.

Group il!:

ESR-L, HSR-2, ESR-3: Slight corrosion of the MIL-R-39008 resistor leads wa•
noted on HSR-I and HSR-2 'A moderate amount of corrosion was noted on the
MIL-R-39008 resistor leads on HSR-3. The gold band was partially gone on
all three snecime.ns. Otherwise, there was no apparent change from the 56
day level.

Group ITV

ZR-I, DR-2, DR-3: Slight corrosion of the MIL-R-3900:1 resistor leads was
noted on all three specimens. Also, all three specimens were slightly
darker in color. Only the orange and yellow bands were legqibe on the th-re
specimens.

Group V:

HPl6-170-1, HPE6-170-2, HP-16-U70-2- Slight corrosion of the M:-:-R-3900e
resistor leads was noted on all three specimens. All &zee specimens were
signifi...cantly darker, making all rmarki.ngs essent-za "

NOTE: All five bare lanina res showed only slight additional darkening.

ear -tnr~t'e "I, tZ>0't MWO'4 tA~y iJ '"t ~rbf'p 'qtnlv s*nd -I ',*t"aCl*~Wt.ýV-dC31:lV I% 4&."-ett azzC*#'"Vt-v 4*~
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D. Visual exLination after 120 days exposure..

Group I:

MS-l, MS-2, MS-3: All three coated specirnens showed evidence of lique-
faction as exhibited by flow patterns ( A non-uniform sag of the coating
caused by gravity) across the speocimens. All MIL-R-39008 markings were
totally illegible; all MIL-R-39008 markings apparently were not degraded
further. Additional corrosion of all conductors (*Y* pattern and resistor
leads) was noted. The coatings were slightly tacky to the touch.

Group II:

GST-1, GST-2, GST-3: No apparent change from the 89 day level.

Group III:

ESP-!, HSR-2, HSR-2: The M:I-R-39008 resistor lead of HSR-3 show additiona:
corrosion. There was no other apparent change from the 89 day level.

Group IV:

DR-I, DR-2, DR-3: The MIL-R-39008 resistor leads on all three s-ecnens
showed additional corrosion. There was- no other .i-icn change ý;ýz
"the 89 day level.

Group V:

HP16-170-!, HP16-170-2, HP16-170-3: Addiio.nal corrosion of all :esistor
* leads was noted. There was no evidence of corrosion on the "3--pattern.

All ;.hree specimens were notably darker than the 89 -ay level colors. Ther.
were apparently no ot-her changes.

;,I-A five bare laminates showed little or no adii
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z. Tackiness test after 120 days Thermal-Huzmidity aging plus 7 days at 23*C

and 50% relative humidity.

IMETHOD:

MIL-STD-141, Mehtod 4061

RESULTS:

Following the tackiness test, there was no additional degredation of any
of the materials (specimens) when compared to the 120 day results. All

iii five coatings were hard to the touch with no evidence of chalking, Llisteri
* tackiness, loss of adhesion, or liquefaction.

E Respectfully submitted,

DE.TSEN TZSTING LAB30RA.ORO.S, INC.
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HUGHES STANDARD

1. SCOPE

1.1 Scope. This Specification covers the requirements for the application of
polyurethane coatings to electronic assemblies operating in the temperature range of
-65 to 212 OF (-5L to 100 0C) (219 to 373 K) (see 6.1).

1.2 Classification

1.2.1 Types. The process shall be one of the following types as specified accord-
ing to tne type of material used:

Type 1 Using HM S 16-1533, Type i, one-component,
nonelastomeric compound. Solvent resistant,
atmospheric moisture cured.

Type Ii Using HMS 16-1533, Type II, two-component,
nonelastomeric compound. Solvent resista-nt.

Type III Using EMS 16-1533, Type III (MIL--1-46058,
Type UR), two-component, nonelastomeric
compound. Solvent resistant.

Type IV Using MM-I-L6058, Type UR, two-ccmponent,
elastomeric compound. Not solvent resistant.

Type V Using MIL-I-46058, Type UR, one-component,
nonelastomeric compound, solvent resistant.
Curing is moisture independent.

1.2.2 Grades. Type IMI and Type V coatings shal.l be one of the following grades
as spec;.fied according. to the environmental protection required:

Grade A Some protection aeainst condensing
moisture.

Grade B Handling protection, with minimal
environmental protection.

1.3 Sunersedinq data. When existing dravingsca•.-l out Type MI and do not

specify grade, Type I.', Grkde A, shkl be used.

F-3
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HUGHES STANDARD

2. APPLICABLE DOCtMMTS

2.1 Government documents. The folloving documents of the latest issue in effect

form a part of this Specification to the extent specified herein:

SPECIFICATIONS

Federa.l

0-A-51 Acetone, Technical

TT-I-735 Isopropyl Alcohol

* TT-M-26: Methyl Ethyl Ketone, Technical

Bapbtha, Aliphatic

""T-X-916 Zylene (For Use in Org•n•c Coatings'

Military

MIL-E-T125 Ethylene Glycol Monoethyl Ether Acetate

* MIL-I-46058 Insulating Compound, Eectrical (For
Coating Printed Circuit Assemblies)

-ML-C-81302 Cleaning Cowjound, Solvent,
.ri chlorotri fluoroethane

STANDARMS

Military

MIL-STD-105 Sampling Procedures and Tables for
Inspection by Attributes

2.2 Other Dublications. The folloving do,-enats of the latest issue in effect
form a part of this Specification to the eXtent specified herein:

Hughes Aircraft Company

Hms 16-153" Coating Compound, Pclyuretnane Corform-,
Electrically Irsualti.n6, Reversior.
Resistant

XM5-20-1737 Tracer Material, Fluorescent,
Conforma.l Coating

Em.s 16-1963 Epoxy Adhesive, Te=perature Curing,
Flexible

1T 9-2L Solder F1ux Reicva_, .os*n Base

PAGE RE VrTION
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- HUGHES' STANDARD

-3. EQUImP lTS

.3. End Droduct requirements

"3.1.1 Workmar.ohi,

3.1.1.2 Applicable to all coated areas. Coating shall not exhibit grcss film de.
~'.ts, such as frothy areas (massive bubbles), blisters, or peeling. Normal pull bac.
Crterm sha.-p edges and points shall be permitted.

3.1.1.2 Applicable to coatin•s over underlying circuitry. The coating shal:
o.±hibit no pinholes, cracks, brdken iunfilled) bubbles, craters, or voids whioh expose
underlyinC circuitry. There shall be no bubbles (broken or unbroken) larger than
a8:prox!mately 0.03 inch (O.76 millimeter (m)) in diameter bridging more than 50 percen
-f the distance bet-ween circuitry. The coating shall be free of foreign par-ticles.

3.1.2 Cured coating thickness. The cured coating thickness shall be as follows.

3.1.2.1 Type I, Type II, Type III Grade A, and Tyme IV and Ty,,e V Grade A. The
cured coating thickness shall be 0.003 to 0.006 inch (O.07b to 0.15 nt).

3.1.2.2 Tyne III Grade B and Type V Grade B. The cured coating thickness shall
be 0.001 to 0.003 inch (0.025 to 0.076 mm).

3.1.3 Surface condition. Types 1, 11, III,and V coatings sha.l bedryto touch anc
shall exhibit no softness or tactiness. Type IV toating shall be dry and resilien.
with a rubbery feel.

3.2 Facilities and equipment (Not Applicable)

3.3 Material. The materials used for coating in accordance with this Specifica-
tion shall be as specified in Table i.

F-.5 PAGE OZ
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HUGHES STANDARD

TABLE I. MAT--IALS

.Material Source

Primer (JR228-1) IZI.S 16-1963, Class 1 or 2

Methyl ethyl ketone (1K) TT-M-261

Coating:

Type I EMS 26-1533, Type I
Type 11 E4 16-1533, Type J

-'ype III Em 16-1533, Type III and
?maL-i-J6p58, T-yve tuh

* (Conatha~ne cE'1155)
m "Type IV .'IL-i-L6058, Type UR

(Uralane 5750)

Thinner-

Butyl cellosolve acetate. Union Carbide Corp.
* (polyurethane grade) New York, New York

or

Cellosolve acetate MIL-E.-7125
(polyurethane grade)

SType V M,-I-46058, TYpe UR

(Huimsea.l T7pe 1A33)

Thinner

Xylene TT-X-916, Grade A
(Humisea.1 thinner #33)

* Ultraviolet tracer E4S 20-1707

3... Procedure

* 3.1.3 Surface Dremaration. The surfaces shall be cieazed of fore.z. =a-er
S =nner tha. wiZ! make bhe- receptive to con, rmal coatini in accordance ±-n-
Specification. Areas intended to be free of coa.ing sball be masked by any convenient
..ethod that w'22 leave no residual products.

3.4.1.1 Circuit boards. Circuit boards shall be cleazned in accordance with
"i 7 9-24, Grade B, except that the requirements for insulation resistance sha2l he

:eleted. Boards shall be sufficiehtly dry (cleaninr solvents and moistur tevarrat'dl
.o prevent voating imperfections during applicaion :and t:ur,. An n v.,ti ,.y . ,,ay t,.,
--p•=oyed, but the drying schedule shall not exced t:j& cure :chi•3.

F-6 p!-"
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HUGHES STANDARD

1.4.1.2 Other assemblies. Assemblies other than circuit boards shall be cleaned
with one of the following solvents: a combination of 50 !1i parts of isopro;yl alconc'
:onfdrminG to TT-I-735 (grade optional) and 50 ±i parts of naph-ha conforming to

TT-N-95, Type I, fluorocarbon conforming to MIL-C-81302 (type and class optional) "?C",
"or "77" %masnufactured by E. I. du Pont de Nemours Co, Wilminr*-on, Delavare,' or

vapor degreased in Freon "PC", "TE" or "TF". If these solvents are not compatible
with the assemblies of the surfaces to be coated, only isopropyl alcohol shall be use.•
After solvent cleaning, the assemblies may be dried in a forced air oven, but par-.
temperature shall not exceed 160 OF (71 OC) (344 K).

3.4.1.3 Eandling cleaned surfaces. The cleaned boards or assenblies shall be
handled and stored prior to further processing in a manner that wiZ prevent contanin
tion or absorption of excess moisture.

3.4.2 Primer vreraration. Application of primer shal be optiona. as approved
by the cognizant Process Engineering activity. Primer specified in Table I shall be
mixed as specified in Table I1.

TABLE II. MIXING ,RATIOS FOR PRLZ-'R

6I.•S 1963 Material Concentration, Parts
Class by Weight

1 JR 228-1 Resin 10

JR 228-1 Hardener 12

- Methyl ethyl ketone 20 to 60

2 JR 228-1 Frozen premix 10

Methyl ethyl ketone 5 to 8

o
3..2.- ?rimer u.Lre. The primer shall be air dried for o.es :am mn. e

at. roor. emnera.- before conformal coating is appliez.

F- -E
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HUGHES STANDARD

3ý4.3 Coating material preparation. Coating materials specified in Table ICj• shal. be mixed as specified in Table I1I.

TABLE II. ?'IX!NG RATIOS FOR COATINGS

HP 16-119 Material Concentration

I Hms 16-1533, Type I (PC 18 Std or 100 part.s by veight (pbw)
PC 18 M (fluorescent))

"Thinner As required
"Ultraviolet tracer dye 1/ 12 drops or 0.6 cc per

100 grams of coating

II KMS 16-1533, Type II (PC 15 Std) 2 par.-ts of Component A to
(See 1 part of Component B by

Table I) weight

Thinner As required

III MIL-I-46058, Type UR 100 parts of Component A to
(Con-thane CE 1155) 70 pa.-ts of Component B by

weight

Thinner As required

IV xCL-I-46058, Ty-Pe UR 100 parts of Component B
(Uralane 5750) 18 part•s of Component A by

.- • weight

Thinner As required

V Mi.L-I-6058, 2Ype UR 100 parts by weight
"(Humiseal type IA33)

SThinner As required

/ hen Hysol PC 18 Std is used, the ultraviolet tracer dye shan• be added. licwever,

no tracer dye add-Iion is necessa.j for PC 18 M (fluorescent,.

* 0 .*i'
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_.31.4 Coating application. The coating shall be applied to achieve the coa-in;
thicknLss range specified in 3.1.2. To achieve the thickness range specified, it may
be necessary to apply the coating in more than one application (see 6.2). The primer
specified in 3.4.2 may be used as an initial coating application over difficult-to-wet
areas. Mhen so used, the primer shall be applied sparingly, so as to avoid excessive
fillets.

3.4.h.1 DrTing time-. (.es 1, I!, II. IV). All coatings shall be air dried for
not less than 10 minutes at room teperature before being placed in s.n oven, whether
the coating application is betveen coats or as a final coat. Between a;z!i:ations., t-.e
coating shall be dried for a period confor--ing to Figure ', CýLrve A, bu, noo- to excee-
Curve B. Type V coating material shall be dried for a period confor--ims to Frigure 2,
Curve A, but not to exceed Curve B.

At elevated temperatures, the coating shall be dried in a ventilated cirt"ulating air
oven ox vettilated infrared oven. Infrared heating, when used, shall provide for an:-
form heating of the -.arious coated surfaces and shall be controlled to ;roduce the
required surface temperature.

F- PAGE
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( 3.14.5Curing

3.4.5.1 TyMes 1, 1I, 111 and IV. C-'.. ng shall be accom;lished in a~czrdance
v•th Figure 1, Curve C.

3.4.5.2 Type V. Curing shall be acco=plished in accordance with Figure 2,
Curve C.

NOTE: Cure may be interrupted at any point after Curve B (minimu=
cure time for hamnli-ng', and final cure may be completed a-.
room temperature concurrent with inspection or continued
processing. For Tpe 1, the roo temperature curing time
shall be doubled if the relative huiidity is less than
50 percent. For Type I, an open container of water (plain
tap vater is satisfactory) shall be maintained inside the
oven during elevated temperature curing.

3.4.6 Touch-up. Small uncoated areas or structually impaired coating shall be
t touched up or "spotted" by brush application of the material. Dirying and curing shall
be as specified in 3.4.4.1 and 3.4.5.

"*- 3.4.7 Cleanut. Excess material shall be removed in a manner that will not
damage or detrimentally affect the coating, circuit board or a3sembly. Uncured excess
""=aterial shall be wiped off with a solvent such as rothyl ethyl ketone (ME) conforming
to TT-M-261, acetone conforziig to O-A-51, or butyl cellosolve acetate (see 3-3).
C'ured material filling terminal board holes, in which soldered connections are to be
made, shall be removed by touching the'eyelets with a hot solderiz& iron tip, caution
being taken to avoid overheating and lifting of the film adjacent to the beated ar'.".
Coatiags that have aged longer than I' days vill be more difficm2.t to remove. All four
types of coating can be removed using a hot knife. Cured Type IV coating is readily
softened by solvents (see 6.1).

3.4.8 Stormae. Dhinned Type I material remaining al'ter the spraying operation
may be stored, %.= tightly sealed 3am-s or cans for periods from 1 to 2 weeks preferably
at 40 to 50 0o (4 to 10 °C) (2T7 to 283 K). Akl other activated =aterials icoav-ng
:Ypes z:, I. l*V primer) shall be discarded after 4 hours fro-m the time of -2.x.
excert sealed bottled material (for toucb-up pur-oses vwhich shall be dIscar-ded a.
the end of 8, hours. wpe V material !t'&' be d.sca-rded when i-s vt•scos:ty exceeds
250,000 :entipoises, or after 6 months fram time of f?.st usage.

" ~~~~F-12 " r• '
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. C.•JALITY ASSURANCE P.OVISIIONS

4.1 Oualitv cofornrince inc! -tion. Quality conformance inspection com;rinr:- a2.;
Of 1.111C j:'prformed on individual lo.; wvicn have been submitted 1"Qr ace;,L;Anct;.
"The tests are described in the following suhporagraphs.

.1.1 Sa-moling for quality conform-ance. All parts sha.1.2 be inspected 100 percen.
-- e cognizant Quality activity may, in lieu of 200 percent i-n-%etion, select a sa-.,i-.,
plan in acccrdance with MILLSTD-1Or. "rhere applicable, sampling of lot:: processe! on a
line flow basis to achieve the required sampline leve: may be accinzlisned by selectinr
i: randor. require.. number or partz or specimens during he lot.-
aceumsiaees a a ihe end opo sehe lioe.

e .q.2e t ll fobmation. A lot shall consise of all parts vd eimilar congiaurauios
coaied at one time by the sam e catin o tesai e processing activiny usone she =a.e
batch of coating materialp in accordance with this Specification and submitted ae onetime. The determination of sLmilarityt shall be the responsibility of the cogniza~nt
7Process Engi eering activity. Parts processed on a line flow basis using automated
equipment shall be considered processed at one time provided the coating mat•erial used
is from the same batch and the coating opera•tion does not extend beyond one shift and
"the operation is not inter-rupted for equipment maintenance or significant adjustments.

4.1.3 *Insnection. Inspection of the sample specified in 4.1.1 to determine
compliance with the characteristics specified in Table IV shall be in accordance wvth
the corresponding test and inspection pmragraphs.

TABLE IV. QUALI"TY CONF-OCFAWCE INSPECTI0N

Characteristic Requirement Test and Inspection

Paragraph Paragraph

Workmanship 3.1.1 4.2.2.1

Coating thick-necs 3.1.2 4.2.2.?

Su.rface conditions . .1.2.3.2

-sckaginr and nackidn1 5.2.

F..3 PAG E
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4.2 Test methods and mrocedures

4.2.1 Test specimen preparation. Coating thickness shaLI be determined on
specimens that are representative of the york being inspected and shall be prepared and
coated concurrently vith the representative units. For "floy line operations", one
specimen shall be prepared at the beginning, one at the middle, and one at the end of
the run. For "batch type operations", no less than one specimen shall be prepared
for each batch.

. 4.2.2 Tests
4.2.2.1 Visual Lusection. The coating shall be visue.a2y inspected,, vithou

ma•nfication, for conformance to the vorkmanship requirements in 3.1.1 and for con-
formance to the packaging and packing requi.-ments in 5.1.

4.2.2.2 Coating tbi-ckness. Coating thickness shall be mat.ed using a micro-
meter caliper or euivalent measuring dizice to establish conformance to the require-
ments of 3.1.2. The co. ted part or test specimen shall be measured directly in flat
areas at least 0.25 inch !,L. wz fr•Q a.4ponent bodies, conductor paths and board

* edges.

4.2.2.3 Surface condition. The coatizg shalil be subjeý_ted to the scratching or
abra-Ing actIon of heavy fingerunal pressure or simlwar pressure applied by an un-
treated orsagestick to establish conforzance to the applicable requiemnme=t of 3,1.3.

* ~5. P'A1RATION FME DZVX1

5.1 ._Pscka•in and cackinS. The coated and f4n4shed asse=b.its soa.Z be placed
in pclethbylene Uap or other sultable containers as approve4 by -he c -og-ian. Pcess
Zxgineeri - activity to prevent dA&- e or cc -.ianat4o, If the f.nlshe. asse=blies are
stored or sb~pped prior to usage.

0

PS
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6. zios

6.1 Intended use. The procedures described herein are intended to ;rovide a
physical and environmental protective barrier agaInst abrasion and conrtaz.inaticn cf
electronic asse-blies. This process will not always provide a continuous coating .or
coverinC sharp points, corners and edges. The coating may for= a fillet vith
co=ponent bodies at circuit board interfaces, depending on the proxi-ity of the
component body to board surface.

NCTz.: These coatings should not be used on printed vi-ng boards
where moisture can condense or for tle protection of high.
inpedance circuits iz a moist at.&sphore.

Type coati-g requires extended periods of time for curing where the humid.i:y of
the env.ron-ental- air is below 50 percent. Types IT, IU V and V coatings may be cured
vhere -.he h.idity is below that level.

Tyne IV coating is preferred where modules may undergo prolonged therna! cycling or
where zialnum stress to the component body or soldered .:oint is of pa.rmount
importance. However, !e IV coating should not be used where resistazce to stronag
solvents is required.

NCT_: Solvents, such as, 1, 1, l-trich.oroetbane, trichloroethylene.
toluene, and methy2. ethyl ketone viU. soft•e and swell- the

y'Tkpe 17' coating a.rter a few mLnutes at room teperavure. Hot
Freon ?? or Freon =-, naphtha, and alcohols have little e*ect
4 and su effect. is n*z--aL! reversible upon d-yiza.

6.2 Coatint unifornity, Coating umIfority withln -the specified th.4c=ess
range (see 3.1.2i cam ftea-n be i=proved by the aptlication of hi '..tip-le cwat.s
rathe. ti:&z a 'W%4cker sia6;e coat.

S *' *~e ~ ~ - e eW* f

6., ýFn refer!~enc .~ 2RIX .. uz ty-ee :Z"- or
I.3 recoe& e ,atd .. e.., a; be.veen .a.-.s-boaded ax. a.• .ad ;.=onsent. "e.,
'L.z~es' cat-ac~'ors! .z .he pr-lated vAtr?.g bioard --r a4.alcent C=nCn~e=:; be ý='v

-t.a rst~tirng f'ronc= .~ thick~ness cestin; and r ~of' -.on e ~oe.
-n extesz =÷ t:s e.fu *-a= be r.=emved by ue of e sol an-.- stene. -

F-115I
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• .EEASS AIM PEVZ.=ION •XCo.':-

R e v A u t h c r i t y .1e c nc r p i.i :, D a -, .

- - Initial release as HP 16-119. 3/8/65

A
thb.-u - Records of changes are cont&ined in the docu-

K ment history file.

L C!. 51154 P-1. Revise Para.. 1.2, and adde .. 2.1, 1.2.2,
and 1.3 to add Grades A and B.

F3: ,erase Prra. 3.1.2, rdd 3.1.2.1 a-d
3.1.2.2.

P6: Deletea Par&. 3.4-.4.1, .7.1gure 1, ren~ber
3.4.4.2.L

"n10: Add Para. 6.3. 5-31-77 G. Sypher
VtL-Q c'260 P8 and P9: Sectior 4 completely revised for

clari•icatior and to address the
d ifferences between batca processirgI
and time flow processing. 9-12-77 Y. Moriwak!

N CMER 18092 Pl; ýbvedTýye listing from 1.3 to 1.2.1.
P3: Rev'isedpura 3-1.1.2.
PS: Revised pa 4.1.1.2, added 4.1.i.3.
P9: Revised para 4~.2-.1.
Minc- edd4toril.l changes throughout. 12-14-7 Y. morivu i

7 VW 21'1a PI: Revised scope by correcting temperature
range and deleting last setence.

.2: Added W1L-ST1D-i05 to doc,=ent section
PIO: Added note to 6.1 10-038 C. Pussei!--=,-: - .... T p- -."'t --. ..

C2.• 22538 Specificatiot bhs been revised to add Type V . COPcoatin& process a.nd primer curi (3,..2.1., "•
__ ......_ _ r .se •.2.2 (Grade?' ad -. (Sa.-n 311/74 . derse:

F - F-!6P ,,t] ,
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RESTRICTE)D USAGE - APPROVEI PROGRAM.

T7.- PROCESS DESCRIBED EREIN SHALI BE USED ONLY FOR THE PROGP.g!, LI:- - '
PROCESS2ING TO T-".. DOCMIr FOR ANY OTH3 USAGE IS PROHIBITED =EXCPT W!T -
?RIOR APPROVAL OF THE C 0MPON1-TS AND MATERIALS LABORATORIES.
APPROED' PROGPXAS: SPACE AXD C0101UNICATIONS P!ROGRA•S

i. SCOPE

1.i This specification covers a process for the application of an elazt-one.-e', •"
jre-hane, con'formsa coating system to electroni? assemblies. This process nr- nn!.2

l-tn ,,Iica:ions st tmnneratures from -65. to 200 o- (-I5 to 93 0C) (29 ",.

..2 Cassification

.2.n. The process shall be one of the following types specified in accor.-

ance vi.h the use of ,moatine system.

Type I Two step conformal coating system
providing good coverage

Type II One step conformal coating system
providing adequate coverage

i.- Sunersedin; lata. tihen no type is specified on an existing drawing, :.-jpe
shal.1 be used.

2. APPLICABLE DOCST."S

2.1 Government documents. The folloving documents of the lates: issue in effec:
.orm a part: of this specification to the extent specified herein:

" ~SPEc:FIcA.,:c:;

4 Federal

.•T.-T-SI, • ~Toluene,.e-r~lc-

Xylene (For Use in Crgawn.- Czau-: s

MI L-E-T125 •thylene 13ycol Monce.hy. r' ner Ace-ae

'4;L -; -L " :• ~insuia :/ng- c ampoun d , . c ~ a o

Coa*.Ing Printed 'ir- Assem=.. .es

• , • , ,-* . .. . . ...

G-3 :
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2.2 Other nublications. The following documents of the latest issue in effect

for. a part of this specification to the extent specified herein:

Hughes Aircraft Company

HS 16-21C5 Coatinh, o-ornulaticns for Fiectronic
Assembl y

vs 20-1802 Talc, Powdered

1MS 20-1966 Accelerators for Resin Systems

HP 9-L7 Cleaning of F-lectronic Assemblies

3. -EQU:P--TS

3.1 and product requirements

3.1.1 Work1anshiv

3.1.1.1 Attea-ra.ce. The cured coating shall have the folow-ing appearance:

a. The etched circuitry and components of the electronic assembly
shall be visible after coating.

b. A fillet shall be required around each component.

c. The coating shall have no blisters, cracking, or peeling. No pinhole,
foreig particle, or bubble (broken or unbroken), or combination of
these, shall bridge beween different circuits. No pinhole or broken
bubble shall expose conductors. There shall be no bubbles (broken or
unbroken), larger tham 0.045 inch (1.11 millimeters (mm)) in diameter
bridging more than 50 percent of the distance between circuitry.
Bubbles .bridging more than 50 percent of the distance between circuitr:.'
are permitted if t'.jey are filled.

d. The coating tb.-t is in contact with conductors sba.2. be free of foreig
p.rticles.

e. Bubbles shall be perm.itted in the fillet area ad,'&cen: to cc,-ponen:s
Sprovided "ha* they occupy not --cre than 3I per:en% -f the flle.e

perlmeter.

. .1.....2 "-''" Assemblies shal.l' be oc;!etely coated exce-t as I: .
- . " " .:ad v.tb the follovwiag exceptions:

a. Areas -:der fl& -bottomed co.poren-t which L.- d are •h
the wiring board need not be coated.

S. Areas turroundin, a mc'nt.--.n stud nay re-a.n . coated pvidi-•
.here is at least 0.010 inch ?01.25- =1 of accee:aZle catinj
i..suia ang a cn circuitry :rn, the •.nc~a'ed a-eas.

"L. . be.-.*•. .. - :cleteiesS :: cliee.-,u:. S'.-.i na .-. er:&.L5 an •'-,S, reSi•-e sha.... be

_azz--L Thela: .-- t

C;4~
S ',ee.:tnte ' it .ae•.aa.h r-:• •



"HUGHES STANDARD

3.1.2 Coating thickness. The total coating thickness shall Le 0.007 -. C- .
(0.178 :0.102 mm) per side when measured on the flat areas of the board.

3.2 Facilities and eaui.ment

3.2.1 Processin. areas. Silicone mold release avent or silicone grease shal: nct
be allowed in the immediate processing area where coatings are applied (see '.2:.

3.• Material:;. The materials used in accordance with this Specification shall U
a:: :;pe1cfied in Table I.

.ABLI :. MATE'I-.I:S

Materials Material Description Source

Polyurethane resin Uralane 5750 3/A KIL-I-46058, lype "?
and curing agent

Accelerator Dibuty.•tin dilaurate 1S 20-1966, T•re

Fillers Talc ?YS 20-18C2

Colloidal silica ...L-S-. 729

7hinners Cellosclve acetate X= -E-- 2 5
(ethylene glycol mono-
ethyl ether acetate),
urethane grade

IToluene 5--

Frozen ;r.vx Commlte fruli: o. M -2 i.
(see ::ble 'J

Isee Tide :: j
s-. y- -cn!-c : - .hcs a=..ntned

herein. ,

4 i i I
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1. .rocedure

3�.'. !Handling. All cleaned board- shall be handled only vith clean no.lcntar-.-
:.a.Ied A-ves Cr ,eandllng aids.

3.L.2 Assembtly zre-aration. Prior to coating, surfaces shall' be clean,:- ý
acccrdance vwth !iP 9-47. !rz for not less than 2 hours at 150 to 21-C C' to C 9"

239F to 372 K).

3.-L.3 p'=kin. . Components, contact areas, jacks, switches, e:c, specified on :h
az -cahle draw.ing as requiring no protective coating, shall be suitably masked with
-a~e 2r =asking covers. T.he masking material shall be in close ccntact with tine ster-
fi:ý 'n order -o prevent the coating from seeping under the maskine =aterial during

..-. •Czatin_ with •e ! material. Type : conformal coating system shall
-onsis- f. net less than one spray coat (Formulation I) followed by no- less tnan one

cr -your coat (Forzulation I1).

G-6
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3.4. 5  Coating fcrmulations. The polyurethane coatings shall be formulated in
accordance with Table 'I:

TABLE II. COATING FORMULATIONS

Coatings (Parts by Weight) ./

Material _ _ __ pe i ype 1
"Formulation i Fomul.ation IFor-mulation I

Spray Dip or Pour Touchup

:.ralane B 100 -i.0 100 ±1.0 100 !1.0 100 !1.0

Jralane A 18 ±0.2 18 10.2 18 t0.2 16 ±0.2

Accelerator, 1 per- 1/ 0.7 -0.1 0.7 ±0.1 0.7 :0.1 0.7 :C.!
cent solution

Talc filler 2/ 4 T .0 -- --
S

Co.loidal silica 2/ 0- 0 to ito 2
filler

Solvent blend of 45 01.0 0 to 29 - 0 zo Z
50 percent toluene and
5C percent cellosolve
acetate, by volume

-/ ?repare 1 percent solution by adng 4( rops of accelerator to each i 1
- toluene conforzing to TT-T-548 or r/lene cofnor-m :o .T--96. Grae A.

-•/ 2r- 2.ller in air cir atiang oven for not less t!art I hour O't '50 066 .

t 200 7 (93 OC) (366 X) prior to nizxing.
S,- " value (see 3.4.6-1, Formuiation. t31".

. . o cepnoneflts may be premixed. except UrL.eLC A a4. sredstore at .o= te--er;.- .

for .4; to six -Wmurehs. =es-.- be degassed prier to sto.-Ing.

-/ A.:.. ese -.7- :es and fo.--1ations are wav.1able s I.-ozer '.r=xe "
S- ) 2•33 r.' cr as ",o-ccmponen: 41is (see MIS

7

* ___
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B..' Mixin_ . The materials specified in 3.L.-5 shall be thoroughly mixed unti- the
mixture is smooth and free of _uips. Type I, Formulation I coating shall be mixed using
a :h±gh speed mechanical stirrer (such as Lightnin Mixer Model F, from qixing Ecui-meun
( Zpany, Rochester, Nev York). The other formulations may be machine-.mixed :r han.-mixed.

3.-.6.1 Detailed mlxing instructions

a. TIype :, Formulation I

(1) Weigh out all components exce;t the accelerator and blend tc a
hcmogeneous mixture.

(2) Add the accelerator to the mixture and thoroughly blend in.

(3) Add additional solvent blend if needed to facilitate spray
application. (Typical spray viscosity is 175 centipcises
(0.175 pascal-seconds)).

b.Type , Formulations I1 and 111,and Type II

(1) Weigh out all components, except the accelerator, and blend to
a homogeneous mixture.

(2) Add the accelerator to the mixture and thoroughly blend in.

(3) Mixture shall be degassed to eliminate entrapped air. De-
gassing shall not be prolonged; it shall be sufficient only
to cause first foaming to collapse.

3. .7 Wcrk life. The mixed polyure-thane coatings sha:_ be applied vithin 1 hour
- er mi..nZg

3..• $:ra-. azz2,ication. The Tym-e :, For-=•lation coating shall be sprayed on
ea-:h side of the assembly as described belov and shall cover a:., visible -nasked ex-
. -te. surfaces. Additional solvent (toluene-ce2losolve acetate b end) may be added

;en using frozen premix to obtain a sprayable mixture. (,yrpisll spray "zsc-sity is
c cenzi poses (32.75 pascal-se-conds)).

a. Spray t:h coating onto the assemtly using clean, dry &ai

a- a pressure sufficient to provide good atomization.

b. Spray one pass across the entire surface of the assbly.

V. Rcat-e t-e &ssenmtly 9C defrees anw repeat b.

a. Rotate .he assembly 90 degrees more and repeat h.

e. Rotate the assembly 9C de~rtes =ore and re~ea't t., sc
:nt-. one puas tas been apmled frro t"ur directions,

f. Repest procedures a. t..rough e, as necesSar za cover in-
cnMletely coated areas. %ay Parti:ular a-entorc to $'.-faceS
such .as .eads,, lead tips, •nd other :nducctor areas.

* %_2e tae coated assmbly In at:ortantevith3

4i& ý".-ere a surface IS inarce~ssble r i.a.esta
&;,llatlan, , brush a: a~ncr

aj~l --8
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3.4.0 Dim or pour application. Unless othervise specified on t*h er,,neertne
draving, the entire assemhly shall "ne dip coated or pour coated as fol..ovs:

(Dip the entire assembly into a container filled vith •ype 7, or--u.a-
tion II, or ?Zrpe I coatings and remove the assembly at in extr-:tion
rate of 2.0 ±0.5 inches (51 !12 mm) per m±inute or pour the coatings onto
the surface area to be coated, or pour and brush where dr.-anage cannot
be performed vell. if necessary, spread the coatings over the s-rface
by using a soft bristle brush to obtain complete coverage and generous
fillets. Allow the coated assembly to Lrain for at least 3 m-inu:es or
until the coating stops running. Reposition the assembly severs- times
during the draln cycle to maiatain un4.orm coating build4up and gener-us

fillets.

"""•10: Additional solvent (toluene-ce-.iosolve ace-tate blend) may be
added when using the frozen premix to obtain a dippable or
pourable mixtu~re. (Tprpica!l pour viscosivy is :?, centipoises
(0.525 pascaL-seconds)).

3.C.i0 -n. A drping cycle is recot ended pricr to curirg "which ".lL 'e1:
reduce r.he amount cf buhtles which can occur in t•e cured coating. 7.e C7olcw'n -,
ing =ethods may be used:

Method Place the assembly in a vacuum cven a:
150O to _'! cT(6 to 312 OC: ý3!9 ti ~35 K:
and 5 in4c.es of mercury absolute -'t.3
kilopasca!s) or lover ;ressure far

to •E• nutes.

Method Air zL--, the zoated tsse-ly far nct -'e33
than 4 hours.

T7e :Oated a.sse~ilLies s.:a.Z be vured; in accordance -4"-h .-+".•re" " us: a :et e
-ea: sc..r~e. Coated aaeo.smy -~Ceed to nei: :rese s

* a~e? m~n~muncure. Rievever. c-.l..cre is reqju-'ed pri 3r W.Y - : . ts~g

7u-cn u; as ov-er efils, * er:t...i Ar t

*I + " ". " +. : . • -:r ~ec u re . .'.e :nPuc .up •p +ro ere,°• - • h l b e aa C n.% 1 •"s :

a. *z.,:.c-.e "t:'e -tone c.C =-, es us:-• a Cib-er;;.aaa -. :... :•rz.-:, ,,:..•.

*a''.i i.s .

c. tc~.~ee'a..ma • a s wme. -m twe . •.:r. ..

t ce .0at sal, anutc oun e rd- :- a;e

C* ta~coa: Fe-eva -ay a t2 &111f ý.r ý :

*:f~ ::.ne c agn- :..2:e I

I-t rt l,
*'Ca .,

* I9
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2001\4.*t.

*L 16) . i57,

MINIMUMC CUR

140 (TACK FREE TO HANDLE)
4 cr (6O) - -- - -

(49

(IaOI

.6H I I
IIIU~ ii - 4-:l

~ S~a - e ~r-h. thei t!'Z *c cur s a ,:

~t ~v&ef ~ :~i ~ b *~~~ Pnau RE% .2Z? 4~
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3.4.12 Reviacina coating. When a component must be replaced, the c"ta:,; s.ae2"
be removed and the area touched up as follovs:

a. Soften the coating'under and around the component by ;reva=rgn
the assembly a: 150 to 210 OF (66 to 99 °C) (339 to 372 X) for
at least 10 minutes. Using an orange stick, remove the :oating
before it rehardens. The coating removal may be assisted by the
local application of a small amount of toluene or I,-'.1-trichIoroethar~e
applied under the supervision of the cognizant Process ýineering
activitY. As an alternate procedure, the coating may be reoved
earef%2..Zy tisizg a hot kaife,.vith or vithout prea.x-mimzg of the
assembly.

b. Repeat step a. as necessa.-- and remove the component.

c. Clean assembly in accordance v-th 1. 4.2 after the component has
been replaced.

d. Coat the uncoated area and com-onent by b."ish applicat.•-or, of
Tpe :, .ormmiations ", Z, or ype 1Z coatigs.

e. Cu're the coating In accordance vith 3.4•.10.

3.4.13 Maska&n% re=mova and :lean-n. A•er the cca-ti=g has Oee= cu-led, as.Cng
=ater-a&. and adhesive residue sha3 . be completely removed. All f.lash znat-eria s-h-s. b,
t-r!4ed off to t!he requ4red catour and shar. or ragged edges removt-d. Care shal-L L e
"taen to avo.id cutting or dxmA&Ing the assezbly or peeling .he edges of the cozazig.

. UAL ASStA';CE. ?SC'rS:0!1S

S•. ,2-:.'c-nf.orance ins•-ecti)n. Zual&-:ty onfo-mance i.spect2.on z=prtses aZ
2t. t.e tests perf.=.r d oc .. d. al.ots v_:ch have been su•bi.ted for accea-a.cV.
... o .est3 are descri..e- I= .he fo2..,vizg Su,,;par%9.ugrab-

za-.--o e zinrvzrmane. A;.; ;Arts sha:! 'be 1M perten; . 4sp-ec~et.3

. :n;ze1%1-,.. :-.:=e3n; c ta !ete.-:e co.ance 'c=. t•. =I:tner':3*:5
s~e:'-."bee: ;---Ttei e :s stoel.=e .l-,., t.-.ie Cor'eo..•,.-ce ''
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".2 Tes: methcds and procedu~res

4a.22.- Visua! examinaticc end insp~ection. T'he assetblies shall. be sa.y
inszected fcr conformance to tte vorkinanship requreents in 32.1. an- '~
requiremen: specified in 5.1. In addi-ior., inspection for comtletencA c.1cs--n

;Ma Z be -erfor=ed by examining the assembly und'er ul~traviolet .li6*t !- a dark area.
* Zoated arets v-1-1 have a blue glov. Areas to be inspected sh&I2. Inc' de -_-;onent
* .eals, ?~±y and solder tips and joints.

4.2.2 Coating thickness. T~he coaetizg thickness shall1 be me .ured using a
za~litrated too!- Q.r izst:-.=eut. (such as a micrometer :allIper or :. '.Iht section micro.-
scape; t.o estatl3~4 h conformance to the requirements of 3.1.2.

A. ? IR'AAZT_ O~fEI

5. ________ h caedad ~ize assemblie~s s~zal_2 be -olace! 4_2 a tLlasý

0.- .-. ene use. This process is inteaded to praride a finished and =;red
ctatrng that vi."-- prvide flex~ibility vith good adbesion and instulation cnarferlstics -1
-he c-cating lends iself to retair wirth hot knife technilques and may be remmoved
S'ý..:±Icemt4 from sollerable suzrfaces for subsequent saider-icn by prior heating of t."
loint. The toatiz& =ay be applied directly onto ~,asbodied ccm-pcoents 'eithout the
needi fo sleving the c=ponent. Cured coatring Is not resistant% to solvents suc:-As
acetone, zet:'y. ethyl ketone. tolueme, 12,.1~ 2-tr'itc.lorcethane andti ohyec
: =er-s1o for 2 minutes v4*-! osuse cloat ing to svtl and lose uidhes ion.

yZ-Pt :. F-c-_CAtiCa : is for geatra.' a;; cstlc'O by spray to secure overs,!l u.niorm
zcveraev a-e f:&t M-f~teeS &S veil* 43 Over PrOt:-1d:1 Usrf&Cez S=h " 104,4 &-!,-
c=;nent 12odies. :t does nort 411-m a w-etaound c=mpoez*t bee.ies. This t!.n

serves &3 az uzdercoat nf or Fo~uation 11.

-' f.~ : . or aeaeral app=,..... h .";'Ppig or por'f Zt .. gt aoe ew
zcveralt Over fl.&t Sur'&Oces amna fanu .n excae.Uem t:2et erousd -,*entoie.~

I ;::%-.-*O. su~ rfae~s vel%ý*. c.. att". ser-e3 3LZ an ovverzoa :-:er

=V~c z~e &w ;rtl.= S.fact does na ;v 44 ig.*oe a z~Ve:ae
&s -.. t catting svstan= over cc=_posnt Ie.4a art bo~di es.

e~ s ~~ce: ::eS.se or *.hese nerta a:tsr4&~s~l ~±
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Rev Auth'rity Descriplion AeJ ea:',,Dalx Ajpp?.ov'.Ii

A - Records of changes are contained in the document -

thr- history file.
B

C COR 175047 Extensively revised to incorporate Type Ii
coating system. 7-27-78 D. Guritz

C C--: I T7806 -2: Para 2.2, added V'S 16-2105. Revised 3.1.:..
F3: Table i, added frozen premix, two-component

"kit, and note !/. Renumbered following pgs-
P5: Table Il, added note 5/. Revised footnote 2/.
P6: Para 3.4.8, added provision to add solvent.

Revised 3.4.6.1.
:,7: Revised 3.4.9 and added note.
P9: Para 3.4.12a, added "or trichloroethane". h-25-79 a.McUness
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1.0 GENERAL

1.1 Scope

1.1.1 This MEI describes the process for the UV cured conformal
coating of exposed circuitry of electronic assemblies. The
application method described is spraying.

1.2 End Use

1.2.1 This MI is not for use on production hardware. Only
Manufacturing Engineering Laboratory personnel are
authorized to perform this process. The coating
described here is in the development stage and is not
approved for use on space hardware.

H-6 PAGE REV
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2.0 PROCEDURE

4 2.1 Assembly Preparation

2.1.1 If required, place the printed wiring board (PWB) assembly in
holding fixture.

2.1.2 Degrease the assembly per M-I 1.9.1. Do not touch areas to be
coated. When handling clean parts, wear clean gloves or clean
finger cots, use clean handling aids, or pick up the parts by
their rigidizing fixtures or areas to be masked.

2.1.3 Place the clean assembly on a clean Kaydry tissue and cover
with a second Kaydry tissue to avoid airborn contaminants.

2.1.4 Using the following materials, mask areas not to be coated as
specified on the applicable assembly drawing: frame, masking
cover, tube caps, tape or PC Flex Mask.

2.1.5 If the PWB assembly is in a rigidizing frame, adjust the frame
to mask the edge areas that are not to be coated.

2.1.6 Irregular areas or terminals may be masked with PC Flex Mask.
Apply and cure as specified in Table 1.

Table 1. Cure Time for PC Flex Mask

"Temperature Cure Ti-e

Ambient 60 minutes minimum

160 +100F 30 minutes minimum

200 +10 F 15 minutes minimum

2.2 Coating Preparation

2.2.1 NOTE: Al mixing must be done in spray booth. Use a metal or
plastic stir rod, or tongue depressor to blend material.
"Do aot degas.

Forz1lace the coating using the mix ratios listed in Table 2.

H-7 PAGE REV
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Table 2. Coating Formulations

Material Amount Formulated

Hughson RD3650-21 100 pbw

Butyl Acetate 27 pbw

Using 27 pbw as the starting
point, add additional butyl
acetate to facilitate
spraying.

2.3 Spray Application

2.3.1 CAUTION: Put on rubber gloves, protective smocks, and eye
protection. Spraying must be done in spray booth.

Set air pressure to 30 +10 psi and adjust spray gun to fine
light fan. Hold the assembly at about 450 and spray across
the assembly u-ith slow steady sweeps. Spray rear of PNB only.

2.3.2 Rotate assembly 900 and repeat the spray operation. Continue
until all four sides have been coated.

2.3.3 Spray the PNB from vertical position.

2.3.4 Visually examine the coated assembly and spray As necessary to
completely coat requ!-ed areas.

2.3.4.1 Air dry 15 +2 minutes.

2.3.: Cure rear of assembly in accordance with 2.4 minimum handling
cure.

2.3.6 Coat the front side of assembly. Repeat 2.3.1 through 2.3.4.r

2.3.7 Cure front of assembly in accordance with 2.4 minimum handling
cure. Full cure per 2.4.

2.Z Curina of Coated PB'B Assecbl"#

* 2.4.1. Cure for minimum handling by using oven scan setting 5 (low
intensity). Repeat for second side.

2.4.2 To achieve full curR of shadowed areas cure in air circulatig
oven for 30 minutes •inimum at 200 +10 0.

• •.4.3 Alter full cure. remove all masking =aterials with tweeters.

H-8 PAGE REV
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2.5 Component Reolacement

2.5.1 Cut component leads close to body of component.

2.5.2 Remove the 'illet of conformal c,.ating from around component
body with a hot knife. Scrape off residual coating with
orange stick.

2.5.3 Remove component from PWB.

2.5.4 Insure that solder pads are free of coating material. Remove
per 2.5.2.

2.3.5 Install the new component onto the assembly.

2.5.6 Clean the assembly per MBI 1.9.1.

2.5.7 Dilute small amount of tV conformal coating material per 2.2.1
and Table 2.

2.5.8 Brush on small amount of material and cure per 2.4.

H-9 PAGE REV
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3.0 REQUIR £ENTS

3.1 General

3.1.1 When measured on the flat areas -f the board, the thickness of
the coating shall be 0.0015 +0.01l inch.

3.1.2 The coating shall have no blisters, peeling, or bubbles.

3.1.3 Continuity azd coverage may be determined with the use of any
ultraviolet light. Required areas shall be coated.

3.1.4 Areas under flat bottomed componen:s which are mounted flulsh

with the circuit board need not be coated.

3.2 Equipment

Oven, air circulating Blue H Electric Co.
Blue Island, IL

Oven, Ultra Violet, Interpress Corp.
Model BP720-lSPL Duarte. CA

3.3 Product Materials

UV conformal coating, Hughson Chemical Co.
Hughson 3650-21

3.4 Process Materials

Brush #2. camel hair tMO N70-0404

Butyl acetate KCS BXI750

Cotton smock Conercial

Hot knife Co=ercial

Orange stick 4RO '60-2714

PC Flex Mask, 02 heavy Contronic Services
West-.Ister. CA

Rubber gloves XSO N60-1260

Stirring rod Co=ercial

Tape. Toflon Co=ercial

Tcngue depressor SO N60-1010

H-10 PAGE REV
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HUGHES MANUFACTURING ENGINEERING INSTRUCTION

4.0 APPLICABLE DOCLHENTS

4.1 4EL Specification.

MEI 1.9.1 Cleaning of Electronc.:
Parts and Assemblies

MEI 2.1.28 Operaoion of Ultraviolet
Curing Oven
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