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PREFACE

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

This report was prepared by the Hughes Aircraft Company, Ei 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 [nvestigator; J. Tull; R. Rawls; L. Long; R. Dunaetz; and H.
Schwartz,

The work covered by this report was performed between |5 Septemper 1978 and
15 June 1980,
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SUMMARY OF PHASE [ TASKS
e Materials assessment and selection of cancidate materials
-Industry survey
-Material procurement

-Material selection and preliminary testing

e Process evaluation and optimization
-Qualification testing of materials

-Documentation of processes

e Projected cost value analysis
-Materiai costs
-Comparison with existing conformal coating processes

A literature review of technical journals and a survey of 16 suppliers resulted in
35 candidate materials 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-1-46038 Of the three material candidates, only one passed.

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




SUMMARY OF PHASE O TASKS
o Production facility was specified and documentad.
e Producticn type PWBs were processed and delivered,
e Industry debriefing sessions were held.

A production line capable of producing 750 PWBs 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 SCG facility and delivered to MIRADCOM for their evaluation.

At the conclusion of the contract, two |-day industry/government depriefing
sessions were held at Hughes SCG in E!l Segundo, California. The attendees were briefed
on the test data, results, and methedology 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 UY cured conformal coating can be successfully utilized in
production.

e UV cured conformal coating has the potential to save production
cost if the material used:

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

e There is no tangible cost reduction in materials and labor of the
Hughson material versus the present conformal coating.




SECTION |
BACKGROUND AND OBJECTIVES

l. The Need for New PWB Conformal Coating Techniques

2. Objectives of the Manufacturing Methods and Technoiogy
Program




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 cycie 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, Ele<trical (For Coat-
ing PWB Assemblies). 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) Regquires siow 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) Aillows 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 parylene 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} Otifers the possibility of a mixing error

3}  Usually requires solvent systems {thinners) to lower the viscosity of the
resin system for ease of application and w allow tailoring of the {ormula-
tion.

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

(1) Custail the volume of hardware coated per hour
(2)  Necessitate a change in type of soivent system used

UY cured coatings as specified for this study required no mixing of components
or catalysts by the user, UV cured in seconds, and were usually soivent-{ree systems.
The potential elimination of mixing steps and rapid curing make the UV cured coating
process more desirable than conventicnal MIL-[-46058 coatings cue to potential decreasa
of rework and scrag, and enhanced possibility of using hugh speed, conveyorized, and
semiautomated processing.

1-2




This Manufacturing Methods ana Tecrnology (MM&T) Program was conducted to
e Evaluate and qualily UV conformai coating material candidates
e Optimize conformal coating processing of PWBs

e Define a production line capable of coating and curing 750 PWB8s in an $-
hour work day.
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2. OBJECTIVE OF THE MANUFACTURING METHODS AND TECHNOLOGY PROGRAM

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 matericls 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 |
¢ Material screening and selection i
o Process evaluation and development
e Cost/value analysis

Phase Il

e Production iine specification
6 Two-day industry/government demonstration
o Delivery of ten typical PWB assemblies

Phase (20 months) was a material and process evaluation effort with the goal of
selecting and qualifying 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 cenformal coating processes. The technology also was to be readily adaptable to
current PWB productian systems building U.S. Army hardware, with minimal conversion
costs.

In Phase II (6 months), the objective was to specify a production line using the
optimized process “eveloped in Phase I Finally, a government/industry debriefing
cession was to b2 held wher=in the results of this program would be disseminated to gov-
ernment and industry representatives at two l-day sesions.
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SECTION 2

PHASE 1
Task L. Materials Assessment and Selection of Candidate Materials
Task 2. Process Evaluation and Optimization

Task 3. Projected Cost/Value Analysis




TASK |. MATERIALS ASSESSMENT 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 esther submitted
materials for testing (Figure 1) or declined fer 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 MIL-I-
46058C requirements (see Tah'e II), The first was W. R. Grace's NB XRCP-1052¢-51-1,
and the second was Die Soto's DeSolite 2353-7 with about 5 percent benzoyl peroxide (BP)
catalyst (Lucidol's Luperco ATC) mixed into it just before coating application.

Some processing probiems were encountered with these two materjals. 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 t..at BP be added just before applying it to the PWB. De Soto did not
send their 2353-7 with the BP in it be=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 IIl summarizes the rasults of this
screening. Applications of the coating by spraying and by dipping were attempted. From
these tests, three coatings, applied by spray and by dipping, were deemed satisfactory to
be subjected to MIL-[-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-[-46058 qualification testing. Tabie IV summarizes the character-
istics of the materials chosen.

In October 1979, all the tests required under MIL-]-46058 were completed for
three candidate materials (Hughson RD 3650-21, Grace 9332 (A&B), and De Soto 2353-
7). A summary 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 |ife tests for these two candidates were cancelled. The results of the
Q resonance tests are displayed with no pass-fail judgement added. This is because the
candidate materials, which fall into either the acrvlated polyurethane (De Soto ard
Hughson), or polyene-thiol (Grace) class, do not fall in any of the existing classes of
materials noted in MIL-1-46058 (acrylic resin, epoxy resin, silicone resin, polyurethane
resin or paraxylylene).




TABLE I. UV COATING MATERIAL SUPPL]ER CONTACT LIST

Company Name

Candidates Supplied

Contact

Telephone No.

W.R. Grace
De Soto

Hughson

Du Pont
Conchemco
Dynachem

M

Celanese

Lilly Industries
Mac Dermid
Thiokol

8. F. Goodrich
ICl America
lm - nt
‘JVEXS

11

OO0 22 ANNWE O

Charies Morgan
Dick Bush
John Krajewski
Wally Brown
Jim Fonda
John Wood
Jim Fischar
Larry Ernster
Jack Deviny
Ken Zeliznak
Bill Richardsor.
Bill Adams
Betsy Peterson
Gary Koch

Joe Lombardo
Bernie Howard
Allan Puder

(301) 531-5711
(301) 531-4000
(312) 391-9441
(312) 391.9203
(814) 868-3611
{215) 896-2358
{213) 222-5111
(714) 651-6101
(612} 733-6995
{201) 273-660C
(317) 634-8512
1203) 754-6161
(609} 39€-4001
(213) 386-7436
(302) 575-8422
(513) 841-6100
(408) 737-2760

FIGURE 1. TOATING SAMPLES (PHOTQ 79-806431
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After the thermal humidity aging test, Hughson RD 3630-21 on ths test boards
appeared to have a light orange shade. It was agreed at the time »f the oral report at
MIRADCOM in October 1979 that it would be desirable to determine whither the coating
or the board had changed shade by rerunning the thermal humidity aging test.

While preparing for this additional testing, three new candicate 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 matericls were included in the test. Roards coated with

Hughes SCG materiai (HP 16-170, Type I) an adaptation of Uralane 5750 (M&T Chemicals’

Co.) contormal soating, was added as a contrel. This coating is routinely used at Hughes
to coat spacecraft preduction boards. Each type of coating specimen (three), pius 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
cross-contamination of test samples.

Tre results of this test indicated that shade changes during the test period occur
in the coating, s'nce no shade changes were observed in the bare laminatas (see Appendix
Aj). No reversion, :nftening, chalking, blistering, cracking, tackiness, or less of achesion
or liquefaction of either the Hughson coating or two of the three new candidate
materias was cbserved.

The 3M material samples showed evidence of liguefaction as exhibited by flow

patterns {a nonuniform sag of the coating caused by gravity) across the specimen. The
Coatings were ajso slightly tacky to the touch .see Appendix C),
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TASK 2. PROCESS EVALUATION AND OPTIMIZATION

A complete process for application, curing and testing PWBs, using UV conformal
coating, has been deveioped (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:

1) 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 wquid entail only miner
changes to the evajuated existing Hughes facility for coating PWBs,

After thinning each material to approximately 175 centipoise, material was
applied with a Binks medel 26 spray gun with a 785 nozzle. With the air pressure
betwesn 30 and 30 psi, the gun was held about 6 inches from the board and the box <at
applied (see Figure 2).

Curing
Equipment

The UV curing equipment used for this Program was Interpress Corp., Made! BP
720-1 SPL scan series (see Figure 3). This equipmen; was used hecause it was already in
existence 2t Hughes SCG, and has built-in {eatures to protect electronic hurdware %0
prevent compohent overtemperature, electrostatic discharge, and scanning lamp
interference. This cuting equipment is set up in the Hughes 5CG Digital Elecirenics
Production Area near the exisiting PWB conformal coating and UV cured marking ink
process areas. UV curing parameters for the oven were selected based on previous
experience with UV cured ink marking presently used to icentily elecironic assembdly
hardware at Hughes SCG.

Tooling

Hotizontal and verticie holding fixtures were fadricated. The horizontzi helding
fixture (HOFX) (see Figure §), was selected so that the coated board surface could be
placed in the focal plane of the lamp. Although scme cure cCCurs with a vertical HOFX,
a ccating slump 1 the lower edge of the hoard occurs ang the focal piane is
compremased, resulting in fack of uniform cure.
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FIGURE 4. HORIZONTAL HOLDING FIXTURE
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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 flleting 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 tcuch. After the secondary thermal exposura, the leads of the second set of
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-[-46058), were isopropy! alcohel
scrubbed, Ajax scrubbed, deionized water rinsed, and oven dried for 2 hours at 200°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. Hﬁs was a preliminary screening test, since the meter's next-to-last division is at
20 x 10*4 ohms, and the last division is infinity, The boards were then coated and UV
cured and the insulation resistan¢e was measured again.

Coating Thickness Measurements

Cured coating thickness measurements were taken using a3 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 exhibited when viewed under
UV illumination using a Black-Ray Model B-100A (Ultra-Violet Products Inc., San
Gabriel, CA) longwave UV lamp unit.

2-18
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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:

e No component mixing (excess material can be reused)
o Usually solvent free
e Initial cure in seconds, including obscured areas
The savings that accrue are from the elimination of mixing and ease of handling.

TABLE VIl. 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 = $36.30
Butyl acetats

30% 21 $22.73 =8 831
Total cost €461 84.51% 137 033

Source: *Hughes Tuesen pricing
**Vandor verhal quote
(Telecon)

2-20




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 & 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 (E! Segundo).

Personnel contacted at Hughes Missile Systems were Tom Sutherland and Bob
Knorr. Contacted at Hughes Electro Optical and Data Systems (EODS) were Ear| Holst
and Bill C. De Baca. These persons are knowledgeable and actively involved in conformal
coating processing of PWBs. The specified facility contains a series of batch-run
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 1! are photographs
showing the individual equipment.

TABLE Vill. PROPOSED UV PWB COATING MATERIAL
AND EQUIPMENT REQUIREMENTS

No. Cast

Material/Equipment Reg'd $K Mode! Solvent
Automatic clsaner 1 40 Electro Klesn Systam: Trichloroethane

2004 In-Lins Salvent Cleaner;

EKS-503 Auxiliary Soivant

Cleaner; 7.5AF Insta Chill, with

stands, variable haight load mad-

ule, DIGI-LOK controller, and

sutomatic refill systam
Zicon automatic 1 40 Hughson Chemical Part No. 3650-21 Butyl acetats
coater of squivalent
UV cure system 1 20 Scraan Printing Enterprises UV

Reactor Model 3P1-303 (madified)
ot equivalant
Bake out oven 1 18 Spectra IR Madel or equivalent
On-ine inspection 1 5 Conveyor-Black Light
Fuma scrubber and 1 10
wnting —
Tom! cost 134
3.2




. CONFORMAL COAT = UV CURE R TOP §
LOT $IZE = 100,000 SOARDS MASK AUTOMATIC PIBATCH
RATE = 780 BOARDS/8 hr SHIFT | ANOD =i 2", o0 AUTOMATIC a
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BATCH
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FIGURE 6. PROPOSED UV PWB COATING WORK FLOW DIAGRAM
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FIGURE 7. PROPOSED UV PWB COATING FACILITY LAYOUT
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FIGURE 8. AUTOMATIC CLEANER {HUGHES EODS)
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TASK 2. DELIVERY OF PRINTED WIRING BOARDS

Ten production type PWBs, Hughes Part No. 867218, were processed with UV
conformal coating (Hughson) and delivere to the customer (see Figure 12).
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TASK 3. INDUSTRY DEBRIEFING SESSION HELD

As required by the contract, two l-day sessions were heid on 23 and 26 June,
1980 at Hughes Aircraft Company in El Segundo. Attendees from outside Hughes were:

Name

James Blust

Louis Boccia

Jim Brewer
Robert Brown
Wally Brown
Dick Bush

Napoleon Celestine

James Crerry
3ill Ciark

Tom Clark

Tom Clawson
[rven Coppenger

Jar; Drlik

James Swell

3. Flinchbaugh
lames Fonrca
Alan Gershman

F. Mc Daniei

Dick Mce

Organization

Litton Guidance
and Controls

Lockheed Missiles
and Space

Interpress
USA MICOM
De Soto

W R Grace

Boeing Military
Aircraft

Vought .

Magnavox Electronics

Ford Aerospace
Ford Aerospace
Vought

Lockheed Missiies
and Space

Lackheed Missiies
and Space

Lilly
Hughsaon
General Dynamics

Bceing Muitary
Aircralt

TRW

3.7

Location

Woodland Hills, CA

Sunnyvafe, CA
Duarte, CA

Huntsville, AL
Des Plaines, IL

Columbia, MD

Wichita, KA
Dallas, TX

Ft. Wayne, IN
Newport Beach, CA
Newport deach, CA

Dallas, TX
Sunnyvale, CA

Sunnyvaie, CA
Los Angeies, T2
Erie, PA

forncna, CTA

Wichita, KA

Redoncdo Beach, LA

Phone

213-887-4801

408-752-393¢
213-357-5061
205-876~5742
312-391-9203

 301-531-6566

316-687-2633
218-265-2686
21 9-462-%4:1
714-759-6571
714-729-3096
214-266-7835

408-762-1338

408-762-9833
213-722-7540
315.368-301.

719-620-851

3i6-687-2633
2.3-536-2.i36




Ben Nieswiadomy
Dan O'Halloran
Ceorge Phelps -
Allen Puder

B. Rocha

Richard Schecter

David Selvis

Maria Villa

Vought

Ford Aerospace
Ford Aerospace
UVEXS

TRW

Litton Guidance
and Controls

Raytheon
E. W. Dom

Dallas, TX

Newport Beach, CA
Newport Beach, CA
Sunnyvale, CA
Redondo Beach, CA

Woodland Hills, CA
Lowell, MA
Gardena, CA

214-266-3748
714-759-6351
714=759-5674
408-737-2760
213-535-2493

213-887-2160
617-230-0601
213-532-030C




SECTION 4
CONCLUSIONS AND RECOMMENDATIONS

l.  Conclusions Regarding Materials and Processes

2. Recommendazion for Future MM&T Effort
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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 noteq, 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 200°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 potential candidates for
later full qualification testing.



2. RECOMMENDATION FOR FUTURE MM&T EFFORT

It has been demonstrated that PWBs can be conformally ¢oated 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-1-46058. 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.

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

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

Develop aerosol spray can coating application method to be useq for
repair, etc.

Develop optimized methods for covering sharp projections on PWas.
Evaluate benign reactive diluents as replacement for the resin thinners

used on this program to eliminate the need for solvent vapor exhaust
systems.

L. . o
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MIL-[-45058C Test Report - Hughes Technology Support Division
* Fungus Resistance Test Report - Truesdail Laboratories

Thermal Humidity Aging Report No. | - Delsen Laboratories

120 Day Hydrolytic Stability Test Results - Specimen Photograph

Thermal-Humidity Aging Report No. 2 - Delsen Laboratories
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TECHNICAL INTERNAL CORRESFONDENCE

to: J. B. Fay oars: 12 November 1979
#5=30 mer:  7611.33/213

susJecr: Final Report - Evaluaticn rmom: L. E, Long

of Nltraviclet (UV) 76-11-33

Curable Conformal Coatings

(Ddv, 45 Prime Program) . sLoG. 316 waw sra. 129

=r. CC 5750 (AP)

ABSTRACT:

Qualification tests in accordance with MIL-I-46058 vere performed cn three dif-

fersat ultraviclet radiation curable conformal coatizgs., The three costing

materials vers 9332 A + 3 from W. R, Grsee Co., 2353-7 plus beazoyl peroxide (2P)
Tescto, Inc., and RD-3650-21 frem Bughson Chemicsl Co. The W. X. Grace

and Desoto coatings are two component materials and the Hughson coating is a

single componeant matsrial., The W, R, Crace and Desoto materials did not zest

the MIT-I-46058 requirements for fmgus resistance and hydzelyeic stadllisy,

The Hughson material met all requirements of MIL-I-36058 with the excapticn

of Q (resapance). The Hughson coating, hovever, dces not it iato the five coat-

irg types specified in MII-I-U6058, Yew Q (rescnance) requirement welues Zor

this coasing, or for U.V, cured coatings in genersal, skould be sstablished

in order Zor this type coatiag %o be qualified to MI-I-h30S8.

INTRODUCTION

8%CG received & U.S. Ar=y Contrsct, DAAK U0.78.C-02T2, to test and evaluate
traviolst radiation curable conformal coatizgs in accordance with the cequire-

ments of MIT.I-45058. Si4CG perscmuel coaducted a survey of various coating

nanufacturers snd procured sample coatings., After an ini%ial screening oroa

cess, tie three a5t promising cscdidate coatings vere selected for gualiica-

tica testing to MIL-I-hé058. The 4hrse candidate coatings vers submisted By

¥, 3. Gracs Ca., Jesoto, Izc., 21d 3ughscn Chemisal Co.

PROCEZURE

TS0 yerscomel prepared all test specinmexzs, conducted k2 Tests, excezt fox
fingus resistance apd Iydralytic stabilicy, and evaluated the resulis. The
fangus resistance test ves perforzed Sy Tmiesdail ladaratories, Izg., los
Angeles, azd the Yydrol7tiz stanilicy Test vas ferfarmed Yy lelsen Tesiizg
waborezories, Jac., Wendale. S4CG personpel applied all coatizgs and pers
for=ed the U.7, cure procedure. Test desceripticons and conditiczs are shown
ia Table I, The test specizens vere zarited vwith the fallowing desigzaticns
t5 {destily ke nhree different coatizgs: IS (Desoto), &S (W, 2. Grace),
and 5 {Zughscn). The letter "S” in each case s2ands for spray applicatiza,
The letter fesigngtisa 37, "RR", or "EIR" oz test specinens refers %2 13T
TepeAt, 234 repeat snd I-d repeat respectively. The specimen; vere divided
as specified in Tehie [ for Sroups Io3o VYOI fzslusive acnd sublested, Iz il
grder siova, 12 <he iznsjectizns for itlhelr particule® §TOVR.
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TABLE I.

Qualifrication Inspecticn. '

Examinatien or Test

Test Me..od

Group I

Curing time and tempersture~=w-—-
APDEATENCE ~ e e e o e
Coating thicknessr e me—mcca—m-
mgus resistancte—w e e m o co -

Group 11

Shel? M2t mmcmc e = e —-
Appearanttcmmmm e = w e ———
Insulation resistanct~=—=cacma
Dielectric wvithstandicg voltage—

Group II1

Q(rescnance) === = e me e -
Thermal SHOCk= == = = = = e e
ADDPOATENCE = o m e e et e
Dielectric withstanding wvoltage-

© Group IV

ADDEBTANCE ~= == ne o o e e
Irsulatiocn resistanCtm e e e e
Moisture resistance~ == o o w—— -
ADDEATANCE « «m vm o o o e o e e
Iasulation resistance—em— o e
Tielectric vithstanding veltage-

Group ¥
flexibilitymmmmm e c oo -
Group v

Group VIC

Flame resislance — —w—=—ow= e o

FED.STD.141, Method 4061
Visual-l1l0 Power Magnificatiun
Micrometer

ASTM G=21

Visual-10 Power Magnification
MIL-STD-202, Me:bed 302, Cond. B
MI1-STD-202, Meubod 301

ASTM D150 & Para, 4.8.8
MI1-STD-202, Method 107, Cond, B2
See I & I

See IT

See I & II

See I

MI1~STD-202, Method 106
See I & 1I

See I

See IT

FED-STD-241, Method 6221, 1/8 Ilack Mandrel

120 Days &t 85 21 9C azd 95 242
Relative Tumidivy

FED-STD-406, Method 2021

A-4
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¥ RESULTS

The results of the qualificatiocn tests listed in Table I are showvn in Tables III
through XIVIII. A summary of all test results is shown in Table II. Table XX
ligts the dry film thicknesses of all specizens which were subjectied %o the

Group IIT test schedule,

" PABLE II.. Summary Table of Results.

MIZ=I-L6058 Test Refarence U.V. Cured Coating
Table Desoto ¥. R. Grace Hughson
Group I
Curing Time and Temperature = Passed Passed Passged
Appearance Iz Passed Passed Passed
Coating Thicimess v Passed Passed Zassed
Tungus Hesistance v Failed Failed - Passed
Group I
Sheif Life VI Net Tested | Not Tested | Passed
Appearance I Yot Tested Jo= Tested T Pessed
I=sulation Resistaace VI Not Tested | Not Tested | Passed
Dlelectric Withstanding Voltage vI Net Tes%ed Yot Tested Pacsed
Grewp IIX
Q(Rescnance) vIX, VIIT, X, X Y 1/ by
Ther=al Shock xx DPassed Passed | Pessed
Appearancse x Passed Passed Jassed
Dielectic Withstanding Veltage = Passed Passed " Passed
Group IV
AppesTanics I, iz, v Passed Passed Passed
Tosulation Resistancs I, [T, v Passed Passed Sassed |
Moisture Resistazce I, e, oov 2/ 2/ | Passed |
AFpearance N I, oI, o7 Pasaed Passed Passed
Insulstion Resistance ‘XTI, X, v 2/ 2/ Passed
Sielecuzic Wit stmd.‘.:é Teitage v Passed Saszed Passed
fasszed Paszed

P N ST N . " N
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PABLE II (Continued),

MI1-I~-L6058 Test Reference U.V, Cured Coating
Table Desoto W. R. Grace Hughson
Group VI
Eydrolytic Stability XviI Failed Failed Passed
Group VII
Flame Resistance VIII Passed Passed Passed

1/ The requirement values for this test are differeat for esch geperic
coating type specified in MIL-I-h6058. See discussion section of
report.

2/ This test vas mum three times, The Descto and W. R. Grace coatings
"sassed” cncs (2nd set) and "feiled" twice (1st and 3rd sets). The
requirement values are for MIL-I-46058 types AR(acrylic), SR(siliccame),
UR( polyurethane), and XY(paryleme). The Desoto and W, R. Grace
coatings "pessed" apd "failed" by a small marzin in each case.

TABLE IIZ. Cure and Apvesrancs.

... . . .
. . e - . .- . . R .
h o T U R e W e e P o A e e T e e w. ae @i mae AP it tatleta & ata -

Specinen Curing Time and Tempersture Appearance
Desiguatica Test Result Requirement Test Result Requirement
1IDS 1-4 Time and Passed MIL-I-46058,
U.V. Cured Plus | peperatue Pare. 3.5
25 Minutes Iz cgn ende
IGS 1-4 200 % Air ? ¢ : Passed
Circulsting Qven upplier
1/
IS 1-4 } Prssed

i/ The UT.V, cure apparatus is an Interpress Corp. Scex Series T20.l. e

light source is a 200 vatt/inch,
parts or specivens e&re cured in

69 ianches /ni..:mte.

Jiov lnteusity sercury vapor lssp. The

the focal place at a scan speed of

A-b
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TABLZE IV, Dry Film Coating Thickness (Iaches),

Desoto Ins 1 IIs 2 s 3 IIs &
0.0015 0.002 0.001 0.001
P —
W, R. Grace I 1 Ics 2 58 3 IGS b
0.001 0.0015 a.001 0.001
Hughson IZs 1 IBs 2 s 3 s b
0.001 0.0015 0.0015 0.001
Requizrement 0.0C2 20,0C1
TABLE V. Fuogus Resistancs 1/
{ Specizeg Rating 2/
ey After Afser T uer Reguirement
T Days 14 Days 21 Deys 28 Cays
Ccnt:ﬁh h h { b L -—
(Filser Paper)
s 1 0 b
IGS 1-4 h
HES 1-4 ¢
. 1/ See atiached test report from Truesdail Laboratoriass, lz:z.
2/ Rating: 0 = 20 growsh, 1 = traces of gmovih, 2 @ light goowel,

3 = zoderate grovik, b = neavy growtk,

TABLZ VI, Shell Life
---._-...——...-—s‘.:
(—Sges‘.:e: AzTearstce Izsulation Resistazncs Tielaceri
et
l ! f Vitkstandizg Yoltege
% . ;Chsern oa Requrye= Tegt Hesult ‘-Xequ:.*-“" : Test desuis [ Hequireness
: ! , (Ce=s ) {Qems Minimem: ' (Micrsacperss;! [Micsgar-erass’
=S | Passed i j |3z 10%% | i ST E Jo damepaive
s : = h ; b- ch"' 2.
=== 2 . Passed ey znea |9 2 1053 E : 0.32 { discharge
| NI oT.u60%8 - 1.5 x 032 | Leaxage e
o3 | Pasaed Para. 1.5 biox 20 - ! = t 6.7k shall act
! . ; , Y
T=§ . Passet | | r 10l g.16 | Sxemed i
: | 1 i Y : zisroesnares
Rrerage I -— I — P2.% x 2538 2.5 x 1322 | -~ | —
= Tse Zugoson ctoating ves the guly zaterial tested T3 tymisal shell Life chavagcterigti:c .
e aTeC3ge 37 e lzsulatios resistance o7 the <cated spezizens zzall e a ziziwuem of
2.3 2 10+ zozms. Tme insulsliss resistance for eack cfsated specinas sZall te sut Less
~az .52 "‘-2 2r=s
AT
i .- " . - 5 ‘WMM
R RPN S, S S AP . Cha i S -~ b -
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TABLE VII. g (Resonance) Values 1/

Specimen Messurement Q Value
Condition Frequency
(MBZ)
DESOTO IIIDS 1R | IIID 2R |ITICS 3R |IIITS 4R | Average | Requirement
(Minimmam)
1 L3, ko2 22.901 35.976 43,171 36.362 50
Uncoated
Specineas 50 73.504 | 73.097 | T1.972 | T1.573 | T2.536 70
150 T7.329 83.678 | 89.uéT 68,897 79.843 70
1 54,396 | 57.623 | 57.623 | 56.701 | 56.586 -
Coated ™ >
specs &0 79.197 | 75.171 | 73.126 | 76.782 | 76.06% —
100 83, k9 80. L4865 79,362 81.935 81.303 o
Coated Spe- A
cimens (A% 1 42,306 | 35.694 | 38.,2u4 | 38.2uk | 38,822 -
\ ter 2b Ar. 50 - 52,016 | 146.707 | L7.656 | b9.TT4 | L9,038 -
° fjifif’;‘ 100 81,273 | 79.676 | 79.45% | 81.133 | 80.36% -
- 4. 2. GRACY] 111GS 1R | 111GS 2R |IZIGS 3R | IZI05 SR | Average | Requirement
(Minizem)
1 46,768 | 43,171 | 46,758 | 3T.23k 7| L3.L80 50
Uncoated ' e
Specize 50 67.688 | 72.930 | 7&.653 | T.972 | TR.810 70
100. 64.705 | 70.u96 | 67.9k1 794 | 67T.TTR 0
Coated . -
Speciz 50 80.185 | Th.270 | T9.09% 75 T | T17.297 —
100 86.173 84,593 89.792 8k, 593 86,288 —
Q] Coated Spev 38,24k | 27.008 | 27.008 | 3@8.2uk | 32.626 -
‘ cimens (A2 : : ' i :
ter 2h Er. 50 38,715 | uLT.722 | LB.TA5 | 49.T34 | L8721 -
mersion i =) 830 | 79.676 | 62500 | —
St ' T | LaiB5 18 | otd5 OR leoois o CTHS uR | Average | Aeguiresent
> : (x-;m)
2 | su3s2 | =87y | 28.n13 | 795 | 223 o
e 50 | .653 | 72.697 | 73.097 | @1.561 | 75.5c2 i 70
. 100 Sr.oky | 66.55% | 73.39c ! 68.380 ! 89.im 10
‘ b1 1 53.013 | s6.2u0 | 55.338 | 36.878 | S50.362 -
* Caated s¢ 80,87 80.870 | T9.09k |102.483 | 8%5.829 -
. Sp.e:“.'ﬂ. < ) L] ' - - ‘ - - . Y . - -
100 | 84,583 | 84.5231 | 50.308 [:bi.879 106 33 -
Seveatrel 3 | sszw | meso | moeso |uagss | 3sge2|
Ter 26 Er. 50 si.98c | sa.362 | svoi | ue.3zp | osiére]  —
* e 200 ENES e N EE

=/ Q{lescrarce!} zestig 8t 100 Mz 2es heex eliziznated from Mo-I1-<6C58 per
Azenézest 5. 3 April 197%.

P T V. AU, T L TN U S S o
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TABLE VI-I, £(Rescnancs) Values - idditionsl
Bughson Specimens (3rd Set) 1/
Specizen Measurement q "alue
Condition Frequency
(ME2) I2I3S AR | ZTTXS 283 | III=S 3RR | IIIES LAR| Aversge | Requiremez:
(Minimom)
1l 68,330 68,330 Th,024 T4, 024 T1.177 S0
Uncoated
Spect 50 89.82L 8.805 | 88,808 90.14k | 38,895 70
100 83.169 756,442 76.988 81.802 | 79.600 T0
1 56.2T1 86.7%3 58.325 57.503 6k, 713 -_—
Coated 50 70.369 | 67.55 | 63.78 | Ti.363 | 69.517 -
specm . . . {dma «Jb
Costed Spe-|. 1 55.L23 53.575 52,451 42,375 51.006 -
cdwens ->
sar 24 g‘ 30 67.702 63.658 75.542 73.567 T1.L66 —
Twmersion ic0 63.381 53.881 7,306 7.1 43,599 -—
L 1= Vater |
i/ See Table VI, fcotacte 1.
TASLE IX. Q(32edonerce) Talues - Additicnal
Buz=sor Specizens (4Th Sat) L
Specinen | Measuremest Q Value |
Cazditicz Frequency ’ ; :
(MEz) IZTES 1RAR | IT1ES 28R | ITIS IR TTTES L3RR | Average | Bequiremesnt!
(“{-(--n) »
T g
) 1 93.43% 28,363 48.363 8137 | 36,36 58
&ca“:ed - -g Q4w - - -, » N
sge:“‘n 5‘- iu-osé 761891 .5.89: t“‘|53 ?6.5‘8 1 ';.ﬂ f
; 0 2g.425s 31,363 13.232 2.349 »3.330 ! 70 :
§ : 19.207 | dc.006 | 76.360  78.208 | T35 | = .
Coazed - Y . v an s va
Specizens 50 6%.208 28.03% 87.06¢ §k.2.2 85.12 | ~—
L l o0 §7.563 Ti.536 £8. 386 §7.385 | 63.447 | - *
| Ccazed Spe- | X 88.150 85.3595 88.150 88.25¢ | 5 | - ;
< ~o - P Y ES -n Qe :
:;fg: E_f‘ : 50 43.502 +2.318 69649 2.l °3 2T i -
Immersice e 66,275 §5.352 76.3k0 £g.36" Ts.u38 E -— :
ts Gazer: | 5 ;
v/ See Takle I, fogstoete L.
-9
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TABLZ X. Percent Change In Q(Resonance) 1/

Sara, 3.11).

A aew

Specizmen Measurement Percent Change In Q
Condisi Frequency
(Miz) IIIDS 1-LR{IIIGS 1-LR|IIIBS 1~4R|[IIIZS 1-4RR (IIIZS 1-4RER | Requiremesnt
: ( Mexime=)
2/
1 55.6 26.7 104,5 9.1 .1 9
. 3elore And ,
After 50 L9 1.6 13.7 2.8 15.0 19
5 Coating
100 1.8 27.3 u5.0 L4 13.8 9
@& [eore i 1 1.7 40.8 28.9 | 2.2 1.4 9
sver 24 Fr,
Ix=ersion 50 35.5 37.0 39.8 2.8 8.9 5
Iz Weter
100 1.1 3.9 4.0 9.3 2.% 7
o
. 1/ See Table VI, footaote 1.

These requiremest velues are for acrylic (Type AR) coatizgs anly (See MIT-I-L8058,
These values are shown for reference only szd should met de bindinag
upeR acceptance or rejecticn of these coatings to the Q(Hesanance) test.

classification, U.7., should be established and maxizmm Q(Rescoance) jerszeters
desigrnated.
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TABIE XI. Thermal Shock 1/

Specinen Appearance Dielectris Withstanding Voliage
(bservation Requirezent Test Result Reguirement
(Microamperes)
DESOTO
7 IIIDS 1R Passed 0,48 ‘
IIIDS 2R Passed 0.50
IIIIS 3R Passed 0.50
IIIDS LR Passed 0.48
! ¥. R, GRACE | _ | |
IIGS 1R Passed 0.52
ITIGS 2R Passed 0.52
IIIGS 3R Pasged 0.:8
ITICS 4R Passed Jl 0.5 %o Disrptive
HUGESQN MII-I1-%6058, Discharge,
(214 Set) Para 3.5 Leakage Aate
IS 1R Passed 0.50 e
IITES 28 Passed Q.52 Miorcemperes
ITE5 3R Passed Q.52
I2TES LR Passed B Q.50
HUGESQR
(3rd Set)
IIIES 1M Passed 0.43
ITTES 2 Pasaed 0.50
TITES 3R Passed 0.50
TTIES 4aF Passed $.50 !

A

.

P VT, W P PG PRy T G L gy W S Y ol B B B B

1/ Thermal Stock Test vas 20T TN &8 3pecinens TUES l.eR33
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TABLE XV, Dielectric Withstanding Voltage 1/

leakage Current (M{croamperes)

2ad Set 3ird Set Requirement
Specizen Test Specimen Tast.
Result Result
DESOTO
IS 13 1.057 I7S 1 0.48 ]
VDS 22 0.867 IVTS 2 0.96°
IVDS 3R 0.957 IIIIS 3 108
IVIS 4R 0,80k IIITS L 0.50
W. R. GRACE
I76s 12 ' 1.082 - Ives 1 0.48 Yo Dismpoive
Ivas 23 0.910 vGs 2 0.6 ii:;‘::g;;,_e
73S I 0.657 11765 3 1.08 ?;:ﬁd“i‘o‘
|_z7es s 0.7h1 TGS b i.12 Microamperes
TUCESON |
IVES 13 1.017 IVas 1 0.52
IVES 28 0.339 T7Es 2 0.58
I7Es IR 1.158 IISS 3 0.54
VIS 4 0.763 pppuci I 1.26 ]

1/ The Tisleceiis Vithstanding Voltage vas not Tun oo lst set of specizens
due 30 izadsguate oumber of specizens availshle,

*
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TAELE XVI. Flexibility Test,

Specimen Chservation Requirezent
DESQTO

VDS 1 Passed 4

VDS 2 Passed

VoS 3 Passed

VDS b Passed

W, R. GRACE

b

vGs 1 Passed

‘VGS 2 Passed No Cracking

VGs 3 Passed or Zazing

VGS L Passed o
EUGESON '

VES 1 Passed

VES 2 Passed

VES 3 1/ Failed, 1 3/16 Inch Crack

VES b Passed

. VES LR Passed !

1/ T™is test specimen had a coating thicktness of 0.005 inches

ocourred,

(5 mils) &t the edge of the specimen vhers the Zailure
The coating thickmess for types AR(acrylisz),

ER(epoxy), and UR(polyurethane) skall be 0.002 20.001 izches.
For type X¥(parylene), the coatiag tiickness shall be

0.0006 26,000 iaches.
shiceness skall be (.005 20.303 iaches.

s
-

A-ié6

PR, JV SR AP WL, NP AP T WL P

P

Tor type SR(siliscme), the coaticg

el At RS Pat Sntadsmnte wedrtnn aca. el at.
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TABLE XVII, 3Bydrolytiz Stabilitry 1/
Specizen Appesrance/Cbservation L
DESOTO After 28 Days | After 56 Days ~cer 84 Days | After 120 Days [Requirement
S .
[ D Teace
virs 1 . f‘ Slight Corresica, Slizatly Worse | Coating Frac
¥I0S 2 Slight mackiness . and Corrosion, tures, Cor-
Discolorstica :n a3 of Aé.he sion Tackiness, and | rosion,
VIDS 3 Loss of Adhe- | MIL-R-55182
sion Resistor Mazk-
l. ings Illegi-
ble 3/
TS 4 Comtxol Contral Centzol Control |
¥, R. GRACT ! '
1
IS 1 { Ixtreme Severe anplzte Rever- | MIL-I-L6CS8,
Siigas Corrosicen, Corrosicn sion, Coryosiocn,| Pars. 3.15
vies 2 Discoloration | Tackiness, and Td.cldness: and %gégg;léﬁr -
VICS 3 Liquefacticn Liquefaction | izgs Illegitle
of Coating of Coating ! 3/
7IGS b Contxol Cantrol Coatrol | comtzal 2
—_— - — -

FucEscn | !
VIZs 1 $ Slight j
vas 2 light Additicnal Jo Additional | Carkening - |

Dackening Daskening Degradation A2l Resissar |
v3s 3 Markings !
: Legible 3/ !
[ T3S 4 Contzal Centrel Cantrol Conzrol I
1/ See atzachad test report from lelsen Testing Laboratories, Iac.
3/ "mig coatrol specizen was slightly tacky %o the scuck after 120 days at 25 OC a=d

-
3/ Tuare
—

50 persert relstive Zuidivy.

are V0 ra23istars an each %test Specizen,

™e MIT.3-36CC8 resigter is

20.8T coded and the MITR-55132 resistor i35 mumerically coded.

e s e e
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-

TABLE XVIII. T7lame Resistance,

Specimen Observation Requirement

DESQTO

ViIDs 1. . )

VIiIos 2 :
. Self.Extinguishing
VIIDs 13 .

VITCS U

W. R. GRACE ’ .

VIIGS 1

VIIGs 2 Self.Extizguishing
Self-Extinguisning or Non-Buzaing
VIIGs 3 . After 2 Ignitiens

VIIGS b

i EUGHESON

e
vIIES 1 : 1

VIIES 2
SelfaBrtinguishing
VIIZS 3

VITES b K !

’

A-i8
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TABLE XIX. Dry M 1n Thickness (Tachas),

Specizmen Uhcoated Total Total Approximate
Specimen Thickness Coating Coating Thickness
Thickness | (Both Sides | Thickzess Per Side 1/
Costad)
DESOT
IIIDS 1R 0.05% 0.060 0.001 0.0005
IIIIs 2’ 0.061 0.0625 0.0015 0.0007
IIIDS 3R 0.063 Q.06 0.001 0.0005
IS LR 0,060 0.061 i 0.001 9.0005
N |
17765 13 0.098 °| 0.05 ~0.001 0.0005
IIICs 27 0.060 0.062 . 0.002 0.001
IIIGS 3R 0.959 0.063 0,001 0.0005
ITIGS LR Q.062 0,063 0.001 0.0005
BUGHSCY l | i
IEs 1’ 0.059 0.060 0.001 0.0005
s 0.cé2 0.C83 0.001 4.0005
IS 3R 0.060 0.0615 0.0015 0.0c07 - °
IZT3s LR 0.062 ¢.083 0.001 3.00C5
orEs 12 0.058 -0.060 0.002 0.001
T3S 2R 0.059 0.0615 0.0025 0.0012
IITES 3RR 6.5 0.061 9.c02 0.001
ITTES LRR 0.062 0.063 0.002 0.001
I2I3S 13FF 0.c61 0,0645 0.0035 0.0017
IITIS oNET 2,262 2.26L 0.003 8.0C23
T35 3R Q.062 0.C6L5 0.0025 Q.0012
IITES LaeR 0.062 0.9645 0.8028 g,%0:2
3/ The dry fil= thickress of the 238Ilng oo each side 32 te specizen
vas 20t measured sepamately. The total coatisg thizimess of totl

aides vas zeasured and

Airided Yy two. Thus, tle coating ik

dess per side i3 cnly ao approxizatics,

-
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DISCUSSION -

The Desoto end W. 2. Grace U,V, cured coatings failed the Pungus Resistance,
and Eydrolytic Stability Tests, These two coatings, therefore, are not accept-
able for inclusion into MIT-I-L6058., The Eughscn coating met all requirements
of MI1-I-L6058 wish the exceptior of Q(Rescmance).

The U,V, cured coatings do not 2it into any of the five coating types speci-
fied in MII-I-46058, The "perceat change in Q" values for these coating types
vary considerably frcm one to ancther. New Q(Rescnance) requirezent values
for the U.V, curable generic type of cpsting should be established for quali-
ficaticn purposes. The Hughson and Desoto coatings are besed on a urethane-
acrylate resin systexm and the W, R. Grace coating is based on a polyene~poly-
thicl resin system, The Q(Rescnance) values for the Desote, W. R. Grace,

and Hughson uncoated specimens in Table VII did not meet the ninism Q require
ment at 1 Miz for the MIL-P-13549, Type GF laminate material vhich vas used %o
make the test specimens, The "percent change in Q" values (see Tadle VIII),
before and afler coating, for the IIIDS 1-4R, IIIGS 1-UR, and IIIIS 1-LR speci-
mens are, tharefore, Dot signifisant at 1 MBEz,

The Desoto and w. R, Grace coatings wvere not retested for Q(Resonance) nor tested
for shelf life characteristics because they failed the hydrolysic stability
sest, Two additionsl sets of Eughson Group IIT specimens, IXITES 1-URR and
IIIZS 1-LRAR, vere prepered and sudjected to the Q(Reschance) test, The "Per-
cext change in Q" values for the IIIIS 1-LRR set of specimens at 1 MEz, before
ané after ccating, and defore and after immersion in vater should de corrected
becatse of an inconsistent Q value f£or ane of the four specimens in that group.
The Q value for coated specizen ITIES 2WE at 1 ME: is much higher than the

Q Talue for tis other three specimens at 1 MEz (see Table VIIZ). This Q value,
82.793, stould be deleted and the other thres Q values averaged. The csorrected
average Q value vill then be 57.366 instead of 6L,T13. The carTected “percent
cnange in Q" velue Zor the IZIZS 1-UAR set of specinens s 1 MEz Yefore and
aefter coating vill be 19.4 percent instead of 9.1 perceat. The corTected "per-
cent change in Q" value for the IIIES 1-4AR set of specimens at 1 MH:z before
and after i=mmersion in vater will de 11.1 percent instead of 21.2 percent.
These corTections reflect nore acsurate values for this set of Hughsan speci-
mens, It is not wicemmmn to get larze wvariaticns in Q wvalues due to contaminae
tian or noisvure effects, It is recomwended that al lesst Svo sets of focur
specizens each de used for future J(Tescnance) testing to campensate 0T spe~
gimess vith "inordizate” Q values relevens o most cf e other Q values within
the group. Q{3escnsnce) sesting at 100 Mz has heen elimizated from MID-I-L6058
per Amendment 5, 3 April 1975, asd should 3o losger be izgluded for azy Sunure
vary,

It has deen szated hat the Bughsan UV, coating passed the hydrolytic stae
Bility test even ghangh the coating darkened (twmed ander) after the 120 day
test (see photo), MIL-I-480S8, parsgraph 3.15.2, states that “conditicuning
shall 20t cause costing discoloration greater than any discolorsticn of the
conirci panel”, The Project Mazeger, J. R. Psr, sboved zhe exposed hydrolytic
STAbLilivy test specizens s the cogmizant U.S. Avmy perscmnel. The U.S, Arxy
position vas thati the expesed Eughscon ccatizg exhidited a "shade change™ and
20% & coler change, This shade chenge or darrering of the czating vas cgosid-
ered acceztable o U.S. Ar=y revieving perssunel,

A-20
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FUTURE WORK

The U,S. Army requires at least two approved sources of U.V, cured conformal
coatings qualified to MIL-I-46058. Future vork will include the evaluaticn
of an additiopal U.V, cured conformal coazing submitted by W. R. Grace. The
Hughson coating may also be retested for bydrolytic stability. The foregoing
activities are predicated on 8 time/cost extension of the existing program

cocatract.

2.E Foy

L. E. leng

6/

R. A. Dunaetz, Head
Adhesives &4 Finishes Section
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APPENDIX B. FUNGUS RESISTANCE TEST REPORT - TRUESDAIL
LABORATORIES
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TRUESDAIL LABORATORIES, INC.

410! N. FIGUEROA STREE
LG8 ANGELLES 9006
ARLa CT0C 213 ¢ 223-156
CABRLEC: TRUZLAGS

CHEMISTS - MICROBIOLOGISTS - ENGINEERS
(I3 1YY 1 1. 4 » OEVYELOGPMENT - TCETINOG

HBughes Airezaft Company

QIENT Centincla and Teale DATE July 16, 1979
Culver City, California 90230
ATIN: Mz, Georga Acosta Bldg 17, M/SJ132, " RECEIVED May 30, 1979
Lynn Lovs, 3ldg 316, M/S R 129
SAMPLE Three sets of ccated glass (four specimens. each) LABORATORY NO. 26840

Conteact No. DAAR4Q0+79-C-0272
Po 0. NO# 54‘403253-5'31

INVESTIGATION Fungus Resistance Testing (ASTM G-21-70).

RESULTS

Fifreen day culturss of the following pure culture fumgi were harvested,
washed and their spore councs adjustaed 2o 1,000,000 (+ 200,000) per =ml.

andism ATCC Number
Aspergillus niger 9642
Penic{lliim funiculosmm i 9644
Chaeromium globosum 6205
Irichoder=a sp 9645
2:1lulazia pullulans _ 9348

The spore suspensions vere coebined and sprayed sato the samples and
coatrols which wvere placed on starile nmucTient salts agar. The saples were
{acubsctaed at 30°C for 23 days and examined uveakly. The zssulls are given delow:

Jbsarrarigns (Ratine’

\‘
Sacole Desismztion 7 davs 14 davs 21 davs 29 davs
1. Oughson Glass Pasels, 0 0 0 0
78S 1-4
2. DeSoto Glass- Pamels, 0 4] i i
s 14 N
3. Grace Glass Psnols, 0 0 0 1
165 14
4. Coatvols {£ilter paper) A 4 4 4
B3
THat trrmaed Pomeomt dmie o e LRI PO R 1 STeRMNETIAG e 4 WM WAt KA e M e gusnfp b e e < eprme it
AL e caST Mt amis AN B Ttuturl Beom _my £330 3 N Bealai 6w dleRe LSTQNEIMS®  tap Tt ) [ENRIET Y S e
SN I PRt ® wa€ cq UaP AT a minwer o o8 S tpplaad gl e MW Lcucaimel that a2 8 T e 3t gWRE B wews o f o DBTR. ma ee-f

Wie At ans A Sl ilg At S Hllendt g ined S IPTA SUEIIMIISbee Do DsEUE 3o sty

A v N e e v e e " sl v bt L Z "‘ . L ; b ram tma R "....'\-..-4;-'.
TR A PR AT W R GG VIR W VR SR ST SHIT St SCAT %, 10 NE AR SORF WP LIE R SR S S et S DUV NP N QPR 3 -t




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

L 4

*Rsting: 0 = no gzowth, 1 = traces of growth, 2 = lgh: growth,
" 3 = moderate growth, 4 = hecvy grouwth

The sazples are being zeturned by separaze cover.
Respectfully submizted,
TRUESPAIL LABORATORIES, INC.

Lag, L] LA

Earl ¥, Schiller, ¥, S.
Chief Microbiologist °
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APPENDIX C. THERMAL HUMIDITY AGING REPORT
NO. 1 - DELSEN LABORATORIES
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DEISTEIN TESTING LABORATORIES, INC. f
1031 FLOWER STREST o GLENDALE, CALIFORNIA 91201

(213) 2474106
(213) 2458517

TEST REPORT

nmm: . o e
Page o , P
EUGHES AIRCRAFT e 10/15/79 e 1 4
Cantinela and Teale " -
Culver City, CA 90230 T 16453 S4-403254FZM
puhchon Swow
As noted 27273

THERMAL-ECMIDITY AGING

DESCRIPTION : Twelve (l2) specimens, identified below, were sutmitied
for Thermal-humidity aging per Mil-I-435058C, Amendment 4,.
paragraphs 3,15 andé 4.8.12.

GROU? SERIAL NUM3ZRS
I VI GSl, VI GS2, VI GS3, and VI GSs4
Iz VI DSl, VI DS2, VI DS3, and VI Ds4
III VI EBES1, VI ds2, VI 8S3, and VI ES3

Speciman 4 of each group was maintained at 25°C and
50 pezcent relative humidity as a control.

TEST METHQOD : Mil~I-4/40S8C, Amendment 4, paragraghs 3,15 and 4.3.12;
Fed=-Std=1l4la, Method 4061l.1.

REQUIREMENTS: 3.15 Thermal~humidisv acing. When %tasted as spaciiiad
in 4.8.1l2, =ahe coating materials shall ameet the Iollowing
requirements:

3.15.1 Hydrolvytic stabilitv, There shall ba ac eviiencs
¢of reversicn as indicastac Oy softening, chalking, blistering,
cracking, “ackiness, lcss of achesisn, or liguefaction,

3.15.2 Discoloraticn, The examinaticn shall determine
legibilicy and aistanguishability of idenzificacion marking
and color codes used to identily pares. Conditiening shall
not cause coating discoleration greater than any discoloratic:
of the contzol ‘panel.

As ¢ Buteal wererian W Clwett, e Belix ted 7 amv Corpartroms, et rUGEM 4 WS Aed v T g4tieired e W by clewt e waam @ @
Sdrasued. This /eert Gouiet SAIT 10 g WSS IL] Wirg Gnd @ S0 WEMINIY “dustan o S gotuiut * WOSrUAY Leder o Gestae
Products. Ute of i Se0ert, riethad m W & 6 SEYY, W (1 SR ORI W Glaglew G-t Tl PEEPTI, & GAY PFEPLN] o SutEKITY @O W,
WGt e e GERerUates o Oetuma CorEreien 4 v odebesin.

RERLARCK An0 JIVYULOPmiNT . TLITING

UL PO 107 C-3




. DEISEIN TESTING LABORATORIES, INC,

. 3 } (213) 2474106
" @1 FLOWER STREET o GLENDALE, CALIFORNIA 91201 -4 (213) 258577

w.Q. Na.
T 1€459 foge 2 of 4 Poges

PROCEDURE: 4.8.12 Thermal-humidity acing (see 3.15). One panel shall
be maintained as a control at 25°C and 50 percent relative
p humidity. Three panels shall be subjected to 120 days at
L 85° + 1°C and 95 + 4 percent relative humidity, and examined
] as follows (using normal or correctad 20/20 vision):

(a) After 28, 56 and 84 days of exposure, the panels
shall be returmed to 25°C and 50 percent relative
humidity and held for 2 hours. The panels shall

M o be examined following each exposure ané then
. returned to the chamber for con<inuation of
conditioning,.

(b) After the 120-day aging period, the panels shall
- - be returned to 25°C and 50 perceat relative
: huridity and held for 7 days. The panels shall
C! be examined and compared with the centzol panel.
The panels shall alsc be tested for tackiness in
accordance with methed 4061 (Dry-through for
varnish, lacquers and enamels) of Fed=-Std-l{l.

XE=SULTS ¢
~‘u IXPLOSURS PTRIDD RESULTS -
' (Days)

28 All nine specimens met the recuirements of
paragraphs 3.15, 3.15.1, and 3.15.2, exceps
all were slightly darker than the control

o spezinens.

36 (1) Specimens GS1, G352, and GS3 showed extreme
corrosicn, tackiness, and licuefacticn. The
resistor color codes and identifications were
readable,

o

3 {(2) Spec.mers D51, DS2, and Ds3, showed sl-gu.

! corrosion, tackiness, and less of acdhesion. The
resistor color codes and iden%ificaticns were
readable,

®
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RESULTS (continued)

EXPOSURE_PERIOD RESULTS
(Days)
56 (3) Specimens HS1, BES2, and HS3, met all the

. requirements of paragraphs 3.15, 3.15.1, and
3.15.2, except for additional darkening of the
cecating.

All nine specimens exhibited measling of the
bage material,

84 (1) Degredation (including corrosion) of
specimens DS1, DS2, and DS3 was slightly werse
than that noted after 56 days.

'(2) Specimens GSl, GS2, aad GS3 were geverely
corroded and showed severe liguefaction and
tacxiness.

(3) Specimens HS1, HS2, and 253, showed no
additicnal degredation since the 56 day level;
except for additional blistering of the base
material,

120 All nine specimens showed additicnal degredation
£rom that noted aftar 34 days.

120 davs plus

7 days at 23°C

and 50V R.EH. (1) Specimens HS1, #52, and ES] met all h
requirenents of paragraphs 3.13, 1.135.1, and
3,13.2, except for the slight darkening of the
coating,after the tackineas test of Fed-Std-ldla,
Method 4061.1.
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RESULTS (continued)
EKPOSQ§$ PERICD RESULTS

(Days)

120 days plus

7 days at 25°C

ané 50% R.E. (2) Speczimens DS1, DS2, and DS3 met the
raquirements of the tackiness test. Fractures,
not associaced with the tackiness test, were
also noted on all three specimens. The markings
of the Mil-R-35182 resistor were totally illegible.
Also, the control sample, DS4, was slightly tacky
to the touch,

(3) Examination of specimens GSl, GS2, and GS3

at 40X magnification showed the coating had reverted
and dripped f£rom the surface; only a thin, dis-
continuous, tacky £ilm remained.

Photographs of one specimen £from each group were
submitted to E4d Arde'son, Bughes Airecraft Co.,
after 68. 84, and 120 days exposure.

All twelve (12) specimens were returned to client
for further evaluation.

: Respeczfully submitted,
- .429// e%ézﬁéjz~ﬂ’/(
] . :
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APPENDIX D. 120 DAY HYDROLYTIC STABILITY
TEST RESULTS - SPECIMEN PHOTOGRAPH
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APPENDIX E. THERMAL-HUMIDITY AGING REPORT
NO. 2 - DELSEN LABORATORIES
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L DEYX.SEN TESTING LABORATORIES, INC.
1031 FLOWER STREET ¢ GLENDALE, CALIFORNIA 91201

213/245-8517
213/247-41086

TEST REPORT
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HUGHES AIRCRAFT : | 6/3/80 e 1 o Pares
" °  (Centinela andé Teale ¥0 No ™ —
‘ Culver City, CA 90230 T 17157 28-716201LBN
iGentifcaton Suooer N
As noted None
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THERMAL-HUMIDITY AGING

DESCRIPTION: Twenty-five (25) specimens, identified below, were submitted
for Thermal-numidity aging zer MIL-I-46058C, Amendrment {,
paragrapgh 3.15 and 4.8.12.

. GROUP SERIAL NUMBER
2 MS-1, MS-2, MS-3, MS-4, MS=§
II GST-1, GST-2, GST-3, GST-4, GST-5
III HSR-1, HSR-2, HSR-3, ESR-4, H3R-3
v DR-1, OR-2, DR-3, DR-4, DR-3
; v HP16-170-1, HP15-170-2, #?16-170-3,
€ BP16-170-4, H4P16-170-5

Specimen 4 c¢Z each group was maintained at 25°C and 30
percent relative humidity as a control.

Specimen 5 of each group was an uncoated control expcsed to
the Thermal-Humidity Aging along with specimens 1, 2 and 3.

@

[

uncoated
roup) were

Three specimes of each coated¢ type plus one e
specimen(the cecntrol for that particular coa gz
placed in an individual dessicator using a di rent dessicater
for each of the five different cocated materilal specimens. A
total of five dessicators were uysed. EIxcept Zor the Teflon

3

bt $o
'H 3 0N

(L3 S

3
-

L specimen holder, no other materials were in the dessicators.
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5: TEST METHOD : MIL-I-46058C, Amendment 4, Paragraphs 3.15 and 4.8.12;
FED-STD-141A, Method 4061.1.

\

r“

- REQUIREMENTS: 3.15 Thermal-humidity aging. When tested as specified in

‘! 4.8.12, the coating materials shall meet the following
requirements:

E 3.15.1 Hvérolytic stabilitv. There shall be no evidence of

i reversion as incicatec oy softening, chalking, blistering,

i cracking, tackiness, loss of acdhesion, or liquefaction.

; 3.15.2 Discoloration. The examination shall determine

v legibilIty and cdistinguishability of identification markings

] and color codes used to identifyv parts. Conditioning shall .
; not cause coating discoloration greater than any discoleration
0f the contrel panel.

43
Y

QCZDURE : 4.8.12 Thermel-humidity aging (see 3.153). One panel shall
be mainTained as a control at 25°C and 50 percent relative
humidity. Three panels shall be subjected to 120 days at
85° + 1°C and 95 + 4 percent re.ative humidity, and examined
as f0llcws (using normal or corrected -20/20 visien):

(a) Afcer 28,56 and 84 days of exposure, the panels
shall be returned to 25°C and 50 percent relative
hunidity and held for 2 hours. The panels shall

. be examined following each exposure and then

. returned to the chamber for continuvation of

) conditioning.

. (b) After the 120-dav aging period, the panels shall
be returned to 23°C and 50 percent relative
humidity and held for 7 days. The panels shall
. be examined and compared with the contrecl panel.
® The panels shall also be tested for tackiness in
accordance with Mezhod 4061 (Dry~through for
varnish, lacguers and enamels) cf FED-STD-14l.

-
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RESULTS:

A. Visual examination after 28 days axposure

Group I:

MS-l, MS-2, MS-3: Light vellow-brown streaks were noted along
the length of the specimens on both sides. These streaxs appear
tc be where the coating is thicker. Otherwise, the specimens

have discolored only slightly. All other requirements were met.
roup II:

GST-1, GST-2, GST-3: Onl¥ slightly discolered. Meets ail .
sTeguirsments.

Group III:

HSR-1, HSR-2, HSR-3: Only slightly discolc¢red. Meets all
requirements.

Group IV.

DR~1, DR-2, DR-3: Slightly darker (browm} than HSR an¢ GST
specinans.

Group V:

-

HPL6-170-1, HPl6-170-2, HPL6-17C-3: Moderate brown with slight
orange tint. Meets all cther requirements.

NCTE:

All five bare laminates showed a very slight darkening in color
{darkar green).
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3. Visual Exanminaticn after 56 davs exposure.

Group I:

MS-1, MS-2, MsS-3: All three coated specimens showed additional darkening
of the yellcw-brown streaks previously noted a: the 28 day exposure level.
MS-1l and MS-3 showed a’'slight lcss of legibility of the MTL-R-55182
resistors. The MIL-R-55182 resistor of MS-2 was completely faded away.
There does not appear to be any change in the cocating 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-2-39008 resistors. All other require~
Tents were met, except for 2 slight amount of corrosion along all conductors

-

Group II:

GsT-1, GS8T-2, GsT-
MIL-R-53182 resist
ments, except for
G57~-13.

i Only slightly discolored. The markings of all three
rs were completely faded away. Meets all other reguire-
slight amount of corrosion alory the conductors of

» O o

-

MIL-R-33182 resistcrs were completely faded away. Meets all cther reguire-
ments, except for a slight amount of corrosien along the conductsss of ESR-3

ESR-1, HSR-2, HSR-3: Only slightly discolored. The markings of all three
T

Group IV:

OR-1, DR-2, DR-3: ALl three samples continue to be slightly darker than the
HSR and GST specimens. All markings of the MIL-R-~35182 resistors ar
comp.etely faded away. Meets all other requirements.

‘ nw - > 3
¥Pi€~170-1, HP16-170-2, ¥P-16-170-3: All markings on all resistors are
conpletely legible. The coatzings are somewhat darker. The “y* pattern
seens tc be darkened, alsc. Meets all other reguirements.

NCTE: All five bare laminates showed a very slight darkening in color.
{shift alimost imperceptable).
|
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Visuyal Examination afier 89 days exposure.

Group I:

MS-1l, MS-2, M5-3: All three coated specimens showed additional darkening.
The markings on the MIL-R-55182 resistors on MS-1 and MS-1 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 MIL-R-535132 resistor
There was additional corrosion of the “Y" pattern zcnductoers, All other
reqguirements were met.

Group II:

GST-L, GST-2, GST-3: All three ccated specimens showed a siight amount of
corrosion along the "Y¥" condyctors. The gold band was zartially gone on all
three specimens. Otherwise, there was no apparent change or difference I-er

cthe 3§ day level.
Group IIX:

ESR-1, #SR~-2, ESR-3: Slight corrocsion of the MIL-R-39008 resistor leads was
noted on ¥SR-1 and ESR-2. A mcderate amount of corrosion was noted on the
MIL-R-39008 resistor leads on HSR-3. The golé band was partially gone on
all three specimens. Otherwise, there was no apparen: change Irom the 38
day level,

GQroup IV:

5R-1, DR-2, DR-3: Slight corrosion of the MIL-R-33003) resistor leads was
noted on all three specimens. Alsc, all three specimens were siighuly
darker in color. Only the orange and vellow bands were legible on the threc
specizmens.

Grgup Vi

HPl6-170-1, HPLlE~-170-2, HP-16-170-1: light corrosion ¢f the MIL-R-31%008
resistor leads was noted on all three specimens. ALl three specimens were
significantly darker, making all markings essentlially unreadab.e.

NGTE: All five bare laninates showed conly slight additional darkening.
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D. Visual examination after 120 davs exposure.

Group I: .

MS-1l, MS§-2, MS§-3: All three coated specimers showed evidence of ligue-
faction as exhibited by flow patterns ( A non-uniform sag cf the coating
caused by gravity) across the specimens. All MIL-R-39008 markings were
totally illegible; all MIL~-R~-39008 markings apparently were not degraded
further. Addéitional corrosion of all conductors ("Y" pattern and resister
leads) was noted, The coatings were slightly tacky to the touch.

Group II:

GST-1, GST-2, GST-3: No apparent change from the 23 day level.

-

Group IIIi: .
HSR=-l, ¥SR-2, HSR-3: The MIL-R-39008 resistor lead cf HSR-3 show additiona:
corresion. There was nc cther apparent change from the 83 day leval.

Group IV:

DR-1, DR-2, DR-3: The MIL-R-39008 resistor leads on ail three spec.mens

showed additicnal ceorrosion. There was no other significant change Iiom
the 8% day level.

Group V:

HPL6-170-1, HPl6-170-2, HPLE-170-3: Additvicnal corzosicn of all resistor
leads was noted. There was no evidence of corrgsion oh the "% pattern.
All .hree specimens were nctably darker than the 89 day level colors. There

ware apparently nc other changes.

NOTE: All five bare laminates showed liztle or no additional darkening.
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E. Tackiness test after 120 days Thermal-Humidity aging plus 7 days at 23°C
anc¢ 50% relative humidity. -

METHOD:
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
five coatings were hard to the touch with no evidence of chalking, Llister:
tackiness, loss of adhesion, or ligquefaction.

-

- *

Respectfully submitted,

[
DELSEN TISTING LABORATORITS, INC.

.
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—— .- HUGHES ' 'STANDARD

ol e’y sme el meeny

1. SCOFE
1.1 Scope.
=65 to 212 OF (-54 to 100 °C) (219 to 373

1.2 Classification

1.2.1 Types.

ing to tne type of material used:

Type I

Type 11

Type III

Type IV

Type V

1.2.2 Grades. Type

as spec.lied according. to
Grade A
Grade 3

1.3 Suverseding data.

F-3

This Specification covers the requirements for the application of
polyurethane coatings to electronic assemblies operating in the temperature range of

K) (see 6.1).

Using HMS 16-1533, Type I, one-component,
nonelastomeric compound. Solvent resistant,
atmospheric moisture cured. ’

Using HMS 16-1533, Type II, twvo-component,
nonelastomeric compound. Solvent resistant.

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

Using MIL-1-46058, Type UR, tvo-component,
elastomeric compound.

Using MIL-I-16058, Type UR, one-component,
nonelastomeric compound, solvent resistant.
Curing is moisture independent.

II1 and Type V ccatings shall be one of the following grades
the envi;onmental protection required:

Some protection against condersing
moisture.

Handling protection, with 2inimal
environmental protectiorn.

When ex}sting drawizgscall ocut Type III and do not
specify grade, Type III, Grade A, shall be used.

Kot solvent resistant.

The process shall be one of the following types as specilied accord-

ramee =
CLATING,

ey A am
RL~A-AAU..

CONFZRAMAL, POLYURETHANZ TYPZ, REVERSION
FUR ELIZCTRONIC ASSEMELIFS, APPL
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2. APPLICABLE DOCUMENTS

2.1 Governmen: documents.

SPECIFICATIONS

Federal
0-A-51
T7-1-735
TT-M=262
TT-R-95
TT-X=-916

Military
MIl-E-T125
MI1~I-46058

MIl-C-81302

STARDARDS
Military

MIL~STD-105

Bughes Aircraft Cempany

EMS 16-153232

HMS=-20-1727

’

EMS 16-1963

HP 9-2L

The following documents of the latest issue in effect
form a part of this Specification to the extent specified herein:

Acetone, Technical
Isopropyl Alcohbol
Methyl Ethyl Ketone, Techniral
Baphtha, Aliphatic

Xylene (For Use in Organic Coatings)

Etbylene Glycol Mopoethyl Ether Acetate

Insulating Compournd, Electrical (For
Coating Printed Circuit Assemblies)

Cleaning Compound, Solvent,
Trichlorotrifluorcethane

Sampling Procedures and Tables
Inspection by Attributes

2.2 QOther vublications. The folloving dovuments of the latest issue in effect
form & part of this Specification %o the extent specified herein:

Coating Compound, Pzlyurecnane

Electrically Izsualiing, Reversiorn

Resistant

Tracer Materiasl, Fluorescent,
Conformal Coating

Epoxy Adhesive, Tezverature Curing,

Flexible

Sclder Flux Rezcval, Resin Base

for

~ » e
LOLIOTZaL,

PAGE
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3. REQUIREMENTS

.
»

3.1 End product reguirements

EN ! Workmanchip

3.1.1.1 Applicable to all coated aréas. Coating shall not exhibit greoss film de-
wets, such as frothy areas (massive oubbles), blisters, or peeling. Normal pull bacr
from sharp edges and points shall be permitted.

3.2.1.2 Avvlicabls to coatings over underlying circuitrv. The c¢ocating shall
2%XRi%it no pinnoles, cracks, brdken unfilled) bubbies, craters, or voids which exposs
underlyine cireuitry. There shall be pno bubbles (broken or unbroken) larger than
acproximately 0.02 inch(0.76 millimeter (mm)) in diameter bridging more than 50 percer
~T the diszance betveen circuitry. The costing shall be free of foreign particles.

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

The

. e I, Type I1, Type III Grade A, and Type IV and Tyve V Grade A.
cured coating thickness snall be 0.003 to 0.006 inch (0.076 o 0.15 mj.

3.1.2.2 Tyoe III Grade B and Type V Grade B. The cured coating thickness shall
ve 0.001 to 0.003 inech (0.025 to 0.076 mm).

3.1.3 Surface condition. Types I,II, III,and V coatings shall be dryto touckh and
shall exhibit no softness or tacziness. Type IV coating shall be dry and resilien:
with a rubbery feel.

3.2 Facilities and eguipment (Not Applicable)

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

’
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TABLE I. MATERIALS

Material
Prizer (JR228-1) BMS 16-1963, Class 1
Methyl ethyl ketone (MEX) TT-M-261
Coating:
Type I EMS 16-1533, Type I
Type IZ BMS 16-1533, Type II
Type III B¥S 16-1533, Type IIT and

(Copathane CE'I155)

Type IV MIL-T-546058, Type UR
(Uralane 5750)

Thinner
Butyl cellosolve acetate. Union Carbide Corp.
(polyurethane grade) Nev York, New York
er )
Cellosolve acetate MIl=E-T125
(pelyurethane grade)
Type V MI1-I-46058, Type UR
: (Bumiseal Type 1A33)
Thinner
Xylene TT-X=-916, Grade A
. (Humiseal thinner #33)
« Ultraviclet tracer ' HMS 20-1707 .

3.« Procedure

3.4.1 Surface brevaration. The surfaces shall be cleaned of foreizn zmaswer :o :
zanner ipat will make thex receptive to conformal coating in accordance wil tnic
Specil i.amion Areas intended t0 de free of ccating sball be masked by any conveniernt
wetpod that will leave no residual products

3.4.1.1 (Circuit boards. Circuit boards shall be cleaned in accordence with
¥ S«2L, Grade B, except that the requirements f{or imsulation resistance shall de
seleted. Boards shall be sufficiently dry (cleanins solvents and mcisiure evarorated)
*o preveni coating imperfections during application and wure. An oven dry cyeio miay e
- =mloyed, but the drvying schedule shall not exceed tue cure schedule.
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2,4.1.2 Other assemblies. Assemblies other than circuit boards shall be cleaned
with one of the following solvents: & combination of 50 21 parts of isopropyl alconcl
conforming to TT=-I-735 (grade optional) and 50O 21 parts of naphtha conforming tc
TT-5-95, Type 1, fluorocarbon conforming to MIL-C-81302 (type ané class optional) "®¥C",
"TE" or "TF" (manufactured by E. I. du Pont de Nemours Co, Wilminrzon, Delaware) or
vapor degreased in Freon "PC", "TE" or "TF". If these solvents are not compatidle
with the assemblies of the surfaces to be coated, oanly iscpropyl alcohol shall Le useid
After solvent cleaning, the assemblies may be dried in a forced air oven, but part
temperature shall not exceed 160 ©F (71 °C) (3kk K).

3.4.2.3 Esndling cleaned surfaces. The cleaned boards or assexblies spall %e
handled and stored prior to further processing iz a manner <hat will prevent contamin
tion or absoryiion of excess mocisture.

3.L.2 Primer preparation. Application of primer shall be opticnal as epprcoved
by the cognizant Process Ingineering activity. Primer specified in Table 1 shall be
m;xea as specified in Table II.

TABLE II. MIXING RATIOS FOR PRIMER

™S 1963 © Material Concentration, Par<s
Class by Weight
— ————reer ——
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 t0 8
*
3.4.2.2 2Primer sure. The primer shall Ye air dried lor nct l&ss tnan D0 minutes
AL roorm tamperature before conformal coating is applied.
F-7 PAGE . REVISICH
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3/4.3 Cbating material preparation. Coating materials specified in Table I
shall Ye mixed as specified in Table III, N

TABLE III. MIXING RATIOS FOR COATINGS

EP 16-119 ' Material : Concentration
Type '
I BEMS 16-1533, Type I (PC 18 Std or 100 parts by weight (pbw)
PC 18 M (flucrescent))
Thinner As required
Ultraviolet tracer dye 1/ 12 drops or 0.6 cc per
100 grams of coating
II HEMS 16-1533, Type II (PC 15 Std) 2 parts of Component A to
(See 1 part of Component B by
Table I) wveight
Thinner As required
I1I MIL-I-4€058, Type UR 100 parts of Component A to
(Conuthane CE 1155) 70 parts of Component B by
weight
Thinner As required
Iv MI1~-I-46058, Type UR ‘ 100 parts of Component B
(Uralane 5750) 18 parts of Component A by
- weight
Thinner As required
v MT1-I-L6058, Type UR 100 parts by veight
‘(Humiseal type 1A33)
Trinner As required

1/ Woen Hysol PC 18 Std is used, the ultraviolet tracer dye spall be added. iicwever,
no tracer dye addition is necessar; for PC 18 M (fluorescen:,.
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3 b b Coatinslgbnlication The coating shall be applied to achieve tLe c¢oating
thicknkss range specified in 3.1.2. 7o achieve the thickness range specified, it ray
be necessary to apply tne coating in more than one application (see¢ 6.2). The grimer
specified in 3.L.2 may be used as an initial coating application over difficult-to-we:
areas. When so used, the primer shall be applied sparingly, so as %¢ avoid excessive

fillets. .

3.4.,L.1 Drving time (Tvoes I, IT, IIT, IV). All coatings skall be air dried for
not less than 10 minutes at rocz texmperature before being placed ir an oven, whether
the coating application is between coats or as a {inal coat. 3Detweern agtlicatisas, ine
coating shail be dried for a period sonforming to Figure 1, Curve A, Dut pe: 1o axceed
Curve 3, Type V coating material shall be dried for a period conforzing ts Figure 2,
Curve A, but oot to exceed Curve B.

At elevated temperatures, the coating shall be 3iried in a ventilated cireculating air
oven o: ventilated infrared oven., Infrared heating, vhen used, shall provide for uni-
form heating of the various ccated surfaces and shall be controlied S produce the
required surface temperature.
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3.L.5 Curing

3.4.5.1 Types I, 11, III and IV. Curing shall be accompliched in ascordance
vith Figure 1, Curve C.

3.L.5.2 Type V. Curing shall be accesplished in accordance wvith Figure 2,
Curve C.

HOTE: Cure may be interrupted at any point after Curve B (minimour
cure time for bandling), and final cure may be completed a:
room temperature concurreant vith ipspection cor contiinued
processing. TFor Type I, the room temperature curing time
shall be doubled if the relative humidity is less than
SO percen:. Tor Type I, ar 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 impasired coating shall be
touched up or "spotted” by brush application of the material. Drying and curing shall
be as specified in 3.4.4.1 and 3.4.5.

3.4.7 Cleanup. Excess material shall be removed iz & manner that vill not
damage or deirimentally affect the coating, circuit bdoard or assezbly. Uncured excess
anterial shall be wiped off with a solvent such as rethrl ethyl ketone (MEX) conforming
©o TT-M-201, acetane conforming to O=A-51, or dutyl cellosolve acetate (see 3.3).
Cured material £illing terminal board holes, in vhich soldered connections are to de
asde, shall be removed Yy touching the'eyelets with a hot soldering iron tip, caution
being taken o avoid overheating and lifting of the filz adjacent to the heated arss.
Coa%ings tha: have aged longer than 4 days vill be more difficult to remove. ALl four
types of coating can be removed using & hot knife., Cured Type IV coating is readily
softeped by sclvents (see 6.1).

3.4.8 Storage. Thinmed Type ] material remaining afer the sprayiag operation
nay be stored iz tightly sealed jars or cans for periods fros 1 30 2 veeks preferably
at L0 20 50 OF (L to 10 °C) (277 wo 283 X.). ALL other activated materials {coawing
Types II, III, IV and prizer) shall be discarded after & hours from <he iize of zix,
excedt sealed bottled materi (for touch-up purposes; vhich shall be discarded s
+he end of & nours. Type V material shall be discarded vhen iis viscosity exceeds
250,000 ~eptipoises, or after 6 mootilhs franm time of first usage.
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L. CQUALITY ASSURANCE PROVISIONS

L.l Qualitv conformnee insvection. Quality conformance inspection comprise= sl
of the tezts performed on individual lots whuich have been submitied ror acceplunce.
“he tecsts are described in the following suhpuragrapns.

e

1

L.1.1 Samsling for quality conformance. All parts shall be inspected 130
The cognizant Quality activity may, in lieu of 200 percent increction, select a
rlan in accordance with MIL-STD-10S. Where applicable, sampling of lots process
line flov basis to achieve the requirsd sampling level ma; be accomplisned oy s
27 randam a2 reguire’ number of par<c or specimens during the 13t =rocecsins
actumulates at the end of the line.

e ® tnH
[
a

» L
"

M vt Ot 0

[

h
o
3}

L.2.2 let fermation. A lot shall consist of ali par:s ¢ simiiar configurstiorn
Toated at one time by the same process, by the same processing activity using the came
batch of coating material in accordance with this Specification and submitted at one
time. The determination of similarity shall be the responsibility of the cognizan:
Process Ingineering activity. Parts processed on a line flow basis using automated
equipment snall be considered processed at one time provided the coating material used
is from the same batch and the coating operation does not extend “eyond one shift and
t“he operation is not interrupted for equipment maintemance or significant adjustmenzs.

L.1.3 .Inspection. Inspection of the sample specified in L.l.l to determine

compliance with the cparacteristics specified in Table IV shall be in accordance wiih
the corresponding test and inspection paragraphs.

TABLE IV. QUALITY CONFCEMANCEZ INSPECTION

Characteristic Requirement Test and Inspection
, Paragraph Paragraph
Workzanship 3.1 h.2.2.1
Coating thicknecs 3.1.2 h.2.2.2
Surface conditions 3.1 “«.2.2.2
Packaging and packing 5.2 ~.g.2.L
~
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4.2 Test methods and procedures

L.2.1 Tes: specimen preparation. Coating thickness shall be determined on
specimens that are representative of the vork being inspected and shall be prepared and
coated concurrently vith the representative units. For “flow line operaticns”, one
specimen shall be prepared at the dbeginning, 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 jnspection. The coating shall be visually iaspacted, withou:
zagnification, for conformance to the vorimanship requirements iz 3.1.1 and for con-
formance to the packaging and packing requirements in 5.1.

L.2.2.2 Coating thickness. Coating thickness sball be me#ssurcd using a Ricro-
meter caliper or eguivalent deasuring 4:vice to estadblish conformance to the require-
meats of 3.1.2. The coited part or test specimen shall be measured directly in flat
areas at least 0.25 iach 13.3% x=' from cusponent bodies, conductor paths and board

edges.

k.2.2.3 Sucface condition. The coating shall be subjected to the scratching or
abrading action @f heavy fingernail pressure or similar pressure applied by an un-
treated orangestick to establish conformance to the applicable requiremes: of 3.1.3.

5. FREPARATION FOR DELIVERY

5.1 Packazinz and packing. The costed and finished assembliss shall be placed
in pelyethyleze bags or other suitable coptainers as approved by ihe cognizant Process
ZIngineering activity to prevent danage or coptamzination, 4f the finishe? assemblies are
stwored or shipped prior to usage.
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6. NHOTES

6.1 Intended use. The procedures described herein are intended <o rrovide &
physical and eavironmental protective barrier against atrasion and esniazinaticn of
electronic assexblies. This process will not always provide a continuous coaz.ng for
covering sharp points, corners and edges. The ccating may fors a fillet with '
camponent bodies at circuit board interfaces, depending on the proxizity of the
component body to board surface.

dCTE: These coatings should oot be used oo printed viring hoards
vhere moisture can condease or for Le protection of high
iznpedance circuits in a moist atmcspheve.

Type I coatisg requires extended periods of time for curing vhers the humidizy of
the emvironmental air is belov 50 percent. Types II, III, IVand V coatizgs =ay be cured
vhere ie humidity is below that level.

Type IV coating is preferred where modules zay undergo prolonged thermal cycliang or
vhere ainizur stress %o the uoaponent bady or soldered loint is of parsmount
importance. Howvever, Type IV coating should not be used vhere resistance o strong
solvents is required.

NCTE: Solverts, such as, 1, 1, l-trichlorgeshane, trichloroetihylene,
taluene, and metzyl ethyl ketone vill soften and swell the
¥ype IV coating after a fev ainutes at roam temperature. Hot
Freon IF or Freoz TZ, maphtha, and alcozols have litile eflfect
and such effect is pormally reversidble upon dryisg.

8.2 Coazing uniformisy, Coating uniform=ity vithin the specified thickness
razge (see 3.1.2, can cfiez be izproved by the application of =kin zuliiple ccats
Tather than a thicker single ccoat.
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RESTRICTED USAGE - APPROVED PROGRAMS
THE PROCZSS DEISCRIBZD HEREIN SHALL BE USED ONLY FOR TIE PROGHAV. ~,II":"""" BELOW.

PROCESSING TO THIS DOCUMENT FOR ANY CTHER

nT-—-, -

UCAGE IS PROHIBITE THZ

a.“.

PRIOR APPROVAL OF THE CCMPONZNTS AND MATERIALS LABOPATORIZS.

APPROVED PROGRAMS

i. 3cor
1.1

STacs nanniications Al tomneratures

2.2 Classification

l.2.1 Types.
ance with .he use of =—nating systern.

Type 1
/
Type Il
1.3 Supersedins da%a. When no
shal. be used.
2. APPLICAZL:E DOCUMENTS

.l Government documents.
Torm a part of this specificaticn ¢

Sch.“TCA"’ qup

ae - - alset

Federal

TT-T=3L1

*

Ta=Xe3ls

Ailicary

MIE-TLDS

-

s

e n e
n"&"-“

vews o s so

B Dttt ISR

This specification covers a process for the aprlication of an elac
Jrezhane, conformal coating system to electroni~ assemblies,
from -85 to 200 °" (<54 ve 93 °C)

The process snhall be one of the f{ollowing types specifl

type is specif

loving documents of the litest issue iz e!

The fol
the extent specified herein:

SPACE AND COMMUNICATIONS PPCGRAMS
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This process .z
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Two step conformal coating systenm
providing good coverage

Cne step conformal coating system
providing adequate coverage
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Coaving Printed Jirguls Asse_.-.es

A8 wmm P
el G ane

Sillcone Zioxlide,

-

y S

AT UV R)

’ .

i{ed on an existing drawing, “yDe -«

ACCOTL~

b e e e o maama g e~ -
-

A,

L RN O e} TS5 PR v éae
sAn me an et smiemmagas wme o~
v T T ST = - LA ped
sl remtem e et e e et e Zerama gy AL

P m——— e

.-
VT me v P .

G-)

YY)
IR 113
W
o merm it e my,
- . e
cw e ae -2 -
e WS ar . .




-y

o o smte on-aus ey e

s

. 4
TSI YR YT S Y Y YT

2.2 Other oublications. The following documents of the latest issue in affecs
form a part of this specification to the extent specified herein:

Hughes Aircraft Company

HMS 16-2105 Coatinre Tormulaticns for Flectronic
Assemdly

HMS 20-1802 Talc, Powdered

HMS 20-1966 Accelerators for Resin Systems

ZP 9-L7 Cleaning of Elecironic Assemblies

3. REQUIREMENTS

[

3.

2nd »roduct requirements
3.1.1 VWorkmanshivo
3.1.1.1 Appearance. The cured coating shall have the foll ov‘ng appearance:

8. The etched circuitry and components of the electropic assembly
shall be visidle after ¢oating.

b. A fillet shall be required around each component.

¢. The ccating shall have no blisters, cracking, or peeling. No pinhole,
foreign particle, or budble (broken or unbroken), or combination of
these, shall bridge between "different circuits., No pinhole or droken
budble shall expose conductors. There shall be no bubbles (broken or
unbrokes), larger than 0.04S imch {1.11 millimeters (mm)) in diameter
bridging more thar 50 percent of the distence detwveen circuitry.
Bubbles bridging more than 50 percent of the distance betveen circuisiry
are permitted if tiey are filled.

d. The coating thz? is ip contact with conductors shall de f{ree of foreign
mrticles.

¢. 3ubbles shall be permitted in the filiet area ad’'sacent o fozponents

-

provided sha: they occupy not =cre than 35 percent £l the fillet

perimeter.
L1002 Tonzinuitr. Assesblies shall be cczpletely cpated except &5 oted Lo
eaen.l and wiso the folloving excepiions:
8. Areas usder flat-boitomed components wvhich are zounted Tlush vitl

the wviring board aeeé not be coated.

5. Areas surrounding & mouniing stud zay rexaln uncscates providing
here (s as Leas' 0.0.0 inek (2,29« ==} of accerzadle ccating
iaslaling any circulsry from the untsaeteld aress,

s o ——— s = it s 8

3.0.2.3 Camoleseness of oieanut. “as'-;a .a:er:a; and sinesive resilue ghall de
seilenely Temcvei. ALL Tlasa zmaterial snall e trizzmed oo otxe reguiced Inioun.
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3.1.2 Coatinp thickness., The total coating thickness shall Le 0.907 25.237-
(C.178 =0.152 mm; per side when measured on the flat ar=as of the doard.

PRl

es and squirment

3.2

Facilitl

3.2.1 Processing areag. Silicone mold relesse agent or s{licone grease shall act
be allowed in the immediate processing area where coatings are applied (see £.2)

3.5 Materials., The materials used in accordance with this Specification shalli e
a: speciflied in Table 1.
TABLE . MATERIALS
Materials Material Description Source
I Polyurethane resin Uralane 5750 3/A MIL-I-L§0S58, Type TR
and curing agent
Accelsrator Divutyltin dilaurate HMS 20-19€¢, Trpe T
Fillers Talc AMs 20-18c2
Colloidal silica MIL-8-L7126
Thinners Cellosclve acetate MIL-g-"12% !
(ethylene glvcol mono- !
ethyl ether acetate!,
. urethane grade
Toluene TT-T-54
Frosen premix Complete formulation s lEellt L
{see Table II°
Téomc2npoOnAnT AIt Tompleve formuiaticn M leedll o
1 see Tazle TT°

types and formulations corresponi 1o Ihose Toatalnec

G-5 PaGE REvil. o0 !
3 7 leel7O -
-
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3.« Procedure

3.8 Hzndling All cleaned doardr shal’ be handled only with clean nornzeontar.-
race3 glsves cr sendling aids.

3.L.2 Assemkly preparstion., Prior to coating, surfaces shall be clesn-3 ir,
acecriance with =2 8=L7., ODrvy for no: less than 2 hours at 150 to 21C ©F (€7 toc 2¢ <C°
1323¢ <0 372 KX).

3.L.3 Mawrxing. Components, contact areas, jacks, switches, ezc, specilied on the

azzlicatls drawing as requiring no protective coating, shall be sullably mesked wiih
~ape or nasking covers. The masking material sha’l be in close contact with the sur-
fiz< in order -2 prevent the coaiing from seeping under the maskinz material during
arplization.

3.4.s Csating with Tyve T materjal. Type . conformal coeting system shall
2onsist ¢f nct less than one spray coat (-crmu.a ien 1) followed =y no% less inan cn
3iz or pour coe: (Formulation II).

[JY43 AN
- z H
o L= [
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3.4.5 Coating fermulations. The polyurethane coatings shall be formulated in
accordance with Table II:
TABLE II. COATING FORMULATIONS
<
Coatings (Parts by Weight) 4/ 2/
Material - Type 1 Tvpe 1C
<
rormulation I | Formulation II|Formulation III
Spray Dip or Pour Touchup
. — — __ — ]
LJralane 3 100 21.90 100 21.0 100 21.0 100 =21.¢C
ralane A 18 =20.2 18 20.2 18 #0.2 28 20,2
Accelerator, 1 per- 1/ 0.7 20.1 Q.7 0.1 0.7 20.1 9.7 2C..
cent solution '
Tale filler 2/ L7 21.0 — - -— J
Collocidal silica 2/ -— -— 0t § it02
filler -
]
Solvent biend of 45 22.0 0 to 28 -— 0 w0 22
30 percent toluene and kY,
3C percest cellcosolve :
acetate, Yy volume L ;
=/ Prepare 1 percent solution by adding 4 drops of sccelerator ta eack 0 gran: of
toluere conformaing %0 TT-T-548 or xylene conforminzg 2 ™rei-916, Grade A.
|
- - . N N - . - Qﬂ-” o*l..‘?ﬂ'? 1
3/ OJry filler iz sir circulatiag over for not Less tlan 1 hour et 150 T 186 L5339 X
va 200 °F (93 9C; (366 ¥) aricr to aixing.
3/ Imitial value {(see 3.6.6.1, Formulation I {3}
¢ ALl compapeats 2ay e srenixed, except Uralane A, azd stored at rooa lamperalure _
£3r 4z %0 six zonths. Mixture must de degassed pridr g saring. !
L3 . » - - ;
26 ALl these coatlng types and formulaticss are available as frozen premixes ,-sl ©F }
v=w2 3C) 1233 %! or as swo-componesnt %its (see IS 16-212%.. '
g
- —
" : 2 lielTS o
2l -

cmav w

bovb- B L T LU SO

TRttt A v e e




- pesectesecms conoan -

4  HUGHES ' STANDARD

Senaty Vaani’ Py T

3.4.¢ Mixing. The materials specified in 3..L.7 shall be thoroughly mixed unsil the
m.xture is smooth and free of dudps. Type I, Formulation I coating shall be mixed using
& nigh speed mechanical stirrer (such as Lightnin  Mixer Model ¥, from Mixing Zcuipmeus
lcmpany, Rochester, New York). The other formulations may e machine-mixes or hand-gpixed,

3.-.8.1 Detelled mixing instructions
a. Type I, Formulation I

(1) Weigh out all components excey: the accelerator ané bleni t2 z
hcmogenecus mixture,

(2) Add the accelerator o the mixture and thoroughly tlend Zia.

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

. Type I. Formulations II and III,and Type II

(1) Weigh ous all components, except the accelerator, and blend <
: a homoseneous mixture,

(2) Add the accelerator to 2he mixture and thoroughly tlead ia.

(3} Mixture shall be degassed to eliminate ensrapped air. De-
gassing shall not be prolongsd; it shell be sufficient onmly
%o cause first foaming <o collapse.

3.4.7 Werk life. The mixed polyurechane coatings shal’ be appiied wizkiz 1 hour

-

3.5.8 Sorav soolication. The Type I, Formulation I coating shall be spraved oo
eazn side 9f <he essembly as descrided belov and shall cover all visidble unnmesked ex-
tarnel surfaces. Additional solvent (toluene-cellcsolve acetate hlend) may de added
»uen using frozen premix to obtain a sprayadle mixture. (Typiszsl spray viscesity is

>

L. centipolses 0.275 pascal-seconds)).

a, Spray thé coating onto the assemily using clean, &ry air
AT a pressure sufficient %o prcviﬁe good atomization.

L. Sprar soe pass across he entire surfage of the assemdly.

<. R’clate e assently 90 degrees and regeat b,
! d. SNotate the assexhly G0 degrees more end repest .
| e. Roiate the assezdly 9C degrees xore sod repest :., sC
! tnal Joe pasy nas been aprlied froz Tour directions,

T procedures a. Lrough e, as necessary 30 cover in-
.~eze;, coceted srems. Pay reizular atiention o surfaces
suth as lesds, lead tips, and o‘her senductar areas.

'y
2}
1
"
]

§. TuTe “ae coated ssse:&;y iz aczordance with 3...1G.

NaTI: Where & surface is inaccessiBle To- adeguate sTray
- :
L -

l apisication, btrush aspilication c¢f Trpe I, Tormulstion D
=3 De appiled.
i
€
1
pm -
i P REVEIDN
| ¢ ¥P lE-lT5 E}
| G-8
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3.L,9 Nio or pour application. Unless otherwise specified on the engineerinc
irawing, the entire assemcly shall ne dip coated or zour coated as foilovws:

Dip the enzire assemtly into a container filled with Type I, Formula-
tion II, or Type II coatings and remove the assembly at an extr-iion
rate of 2.0 20.5 inches (51 212 mm) per minute or pour the ccatiags 2ats
the surface area %0 be ~oated, or pour and brush where 4rasinage cannot
be performed well. I necessary, spresd the cogtizgs over the surface
by using a soft bristle brush to obtain complete coverage and zenerous
fillets. Allov the coated assembly %o drain for at least 3 miznuses or
until the coating stops Tunning. Reposition the assembly sevara <tises
during the drain cycls to zaiptain uniforz coating builduz and genersus
fillets.

NOTE: Additional solvent (toluenm-celiosclve acezate zlend) zay de
added wvhen using the frozen premix toc cbtain a dippable or
pourable mixture. (Typical pour viscosity is 575 centijpoises
(0.525 pascal-seconds)).

Curing. A drying cycle is recommended priaqr 0 curing which will ~el
of hubtles which can gcour in the cured coating. The folloving irve

- atm “ W oL -

‘e

Methad 2 Place the assemdly in a vacuur <ven a:
150 to 280 ©F (86 <0 32 O] (33¢ =5 353 XU
and § izches af merzury absolute ' 14.3
xilopascals) or lover pressure I3r
“ to ¢ migutes.
Metnod 12 Air dry zhe coated assemily for ot less
than & hours.
~we s0ated assesthlies snall e sured ipn actoridance with Figure [, using a wentlilated
23T seuMte. Coatad assemslies 2ay prooted 0 Dext IUSCesAlng 257, 25 regquirned,
afmer nigimus cure. Fovever, Tull owre s required priscr Ui any envirscInental t2sting.
J.e.00 Tasugmuz, ITxamine tae sumed 02ating visually and under JtIavizoet JLRT,
1z tetsrmine toveraga.  Touck up 3s requlired over _2ads, vermizens, $nd marienc-rTit
Lread uSing 2 5375 Triztue Srush aad Tipe O, Formulations Lo oanc Il or epe 1T moating.

- .o < . N Pt aaea
3w.nn.l TouosuT sracedurs.  The wouChup procedure sRell ze 83 TOLIowWS
, ; : PN . X ..
. Femcve tme t1apr 2F tubblies usiag o TlTerg.as: Trisn, Jrange ssiin,
5 * it W, - - -
pr giher apfropriate toc..  Removal zmay te asslisted ¥ Tre lical
: .. * L . a - . -
asoLizaTon sf 2 small amgunt of toluene aPrlisd under Tie sujer-
s -~ & - Toms . . gt mas
visian 27 inme gagnisant Trovess IXZiseering aotivity.
- TiT' ewmspgm Vu-er’ ae g angtien ~he ean wiew g ?»—-1.‘3.,.,.5
3. Till crosen Lull.ée I¥ CoATIAR e are sev Thpe I, Formulaticn:
[ - - - . » 2 i e P PR 4
YD I, 8y Ty-~e 17 coatizng sppoied wiim o3 o7 oLristle Tiusn.

i

P PO
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140 | (TACKX FREE TO HANDLE)-

(333) \

\
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/
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L.O
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i Cs3 i 2 3 4 % 6738 2 30
) ~  MINIMUM TIME IN HOURS

FIGURE 1. CURE CYTLE

14

The temperatuse shall be accurate within 230 OF #Z OC) {98 X' uys shall 25t exceed <he
Taige shovn. Ilevated tenyperature 2ure Tay he eccorplished in zn air circwlating or
“e

iLfrared oven. VWhen a dilTerent texpersiure is used g comple he cure lan Lhat used

4"'
*

*
t
-~ & v E W] 3 - S e d - . _
2o alhlieve nanfling sirengih,ihe misizux time o sure can be deverzined BTy subtradting
& -
-

|
i
t
i - -3 s w«dtime - - - -, »

P~ e Sime g aniling stireagih At the sev lefperature,lroD the tiDe 1o cure 2T L o xes

.~ ]
i Lazperature.
; (L REVGIA
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3.4.12 Hepiacing coating. When a cozponent zust be replaced, ~he csating saell
be removed and the area touched up as follows:

a. Soften tne coating under and around the component 3y Frevarzing
the assenbly at 150 o 210 OF (68 20 99 °C) (339 o 372 X) for
at least 10 minutes. Using an orange stick, remove the 22ating
before it renardens. The coating remgval may be assisted by tne
local aprlication of a small amount of tolueneor 1,l1,l=-trichlorgethant
. spplied under the supervision of the cognizant Process Ingineering
activity. Asanalternate procedurs, the ccating a2y te removed
carefully usiag a 2ot mife, wvith or vithout prevasming of the
asseadliy.

5. Repest step a. as necessary and remcve the component.

A A

.

2. Clearn sssezily in acsordance with 3.4.2 after the compcnent 2as
been replaced.

2. Coat the unccated area and co:;oaent by hrusn application of
rpe I, Tormulations 1I, III, or Type II coatizgs.

e. Cure %ne coating in accordance wiwnh 3.4.10.

3.4.13 Maskant remcva’ snd sleanuz. Alter the coating has seec cured, zaszizg ;
2 zateria. and adhesive residuye siall e conpletely removed. AlL flask :aterial shall

- ..

[ - trizmzed 977 to the required coniour axd shary o ragged odges rezoved. Care shall Se
- agea 0 svoid cuttiag or dazagisg the asse3sbly or peeling Lae edges oF tle catia

w.  QUALITY ASSURANCZ PRQVISIONS

o .1 uelizv conformance insnectis ualizy eon!‘amce ';::s;ec Lon amprises &l
h 3f the 2ests ,aer'::med on iadividual .or.s wnich have Yeen sulnitted for acceptance.

Tro testii are descrilted iz the followving sulpersgraphks:

w.nhes Sampliine for gualitv sonfarmance. ALl pars shall se .I0 percent inspected.

T At St s s P

hn ot arontod WS o 3 p o AR . tetsla o MM a4 bt AN A oA

e.a.2 Inszecrisn :..sne‘..:za T2 determine cozmplliance witl a8 fnaracieristind
3 m—-ﬁn—-——-‘ . 2 & o o - -5 :
= zecified i Tadlie Jllszall Te 2onductes L acserdasce wits tae JOPTeSTORLLLE test At
5 La5PeCTiCR PArAgTanni. !
F. N
~ , TASLT III. SUALITY TINTORMANCT IHSPITTILN
Thareacteriztics | Reguiresest Test and (aspectizn
. Scurce Peragrazn i
o - S R ERERE B R S s f
t ¥oresanshiy 3...0 «.2.2 i
‘ ;
scating ihicaness 3...2 «.2.2 | s
i
] - N . - :
-aC “Gihed 4 - LI
L & ﬂag - : J [ ;
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N p—
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4,z Tes: methcds and procedures

.2.2 Visue: examinatiop end Inspection. The essemblies s
inspected Tor conformance 0 the wvorkzanship requirements in 3.1.1 an-
regurrenent specified in 5.1. In addizior, inspectiion for comclietenes
shall e performed by examining the assemdly under ultraviolet iignt !
Coazed arees will have a blue glov. Areas to be inspected shall inc.
-ealds, circuitry, and solder tips and Joints.

$.2.2 Coating thickness. The costing thickness shall be e ur2d using a

selitrated 00l or ipstrument (such as a micrometer —waliper or & light
scape. 0 estadlish copformance t0 the reguiremests of 3.1.2.

S. PRIPARRTION FOR DELIVERY
c o

20x or Other suitadle container to prevent damage or contamination.

6. BCTES

S

-
-~

The ccating leads itself to revair with hot knile technigues

gurriai

cely

Joini. The ccating =ay de applied directly onto glass bodied components without the

ceed f3r sleevicg the compoment. Cured coating is pot resistant ¢

T L0 sclvents sucs es
acetone, z:etllxyl etiyl ketoae, toluene, 1,1 l-triczlorcethans and trishlorseznylen:.

LR RSP

=mersige for 2 =inutes vill cause coating $o svell and lase adhesion.

-

Twpe 1, Formulaticn I is for geseral apnli
coverage gver flat surfeces as vell as gover protruding surfaces such
cczponent todies. It does not form s fillel around componest bodies.
serves as ax uzdercoat for Formulstiscn II.

Type O, Formulation I i for general applicatica %y 2ipping or pourizg
soversge over flat surfaces and forms a5 excellest fillet argund comman
ITes ALt IIver pRIIrUALng Surfaces vell. This £03%ing serves 33 an ove
Trrmalation DL )
Sme 1L Farmuletioe JID s for gemeral azplitesion By Sruss Tor otoucaus
rezlaceneny.
- - - i * « [y
LB -0 L3 3 LR Step £OAting process used for genersl applilatian i secuc
ITverage aver Zlat end protrudiag surfetes. Tyne ID does ot
38 1ae Type I coating systes over conponent leads and bodies.
-

£.2 Silicoze meterials, includisg PTV's. cen contawinate dAfrest o

+®.0 as sdlacent &Feas. Use o¥ Lhese D2teriils 3: processing siis

shall be visuglly

$.1 Pazssging. The coated and finizhed assemdliss siaell be placed in a plasii:

6.2 Intended use. This process is intended to provide a finished and oured
co3ting thet vill provide flexihility vith good sdhesion and insulation characteristics.|

and mav dDe remgved
wfiiciently Zroz solderadle surfaces for subseguent salderizg by prior

Friication By spray to secure oversil unifom
ych as leads and

L@, L gives gowd

weckaging
cf costing
8 dary aree.
3 ~v- -
de¢ ccmponent

section J/oro-
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heating of the
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Renumbered following rgsi
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P6: Para 3.k.8, added provision to add soclvent.
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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 MEI 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 gpace hardware. -
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2.0
2.1

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

2.1.6

()

2.1

PROCEDURE

Assembly Preparation

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

Degrease the assembly per MEI 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.

Place the clean assembly on a c¢lean Kaydry tissue and cover
with a second Kaydry tissue to avoid airborm contaminants.

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.

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

Irregular areas or terminals may be masked with PC FTlex Mask.
Apply and cure as specified in Tahle 1.

Table 1. Cure Time for PC Flex Mask

Temperatuyre Cure Tize

Ambient 60 minutes minizum
160 +10°F 30 minutes minimum
200 1100? 15 minutes aminimum

Coating Prenaration

NOTE: All mixing aust be done iy spray booth. Use a metal or

plastic stir rod, or tongue depressor to bland material.
Do not degas.

Formulate the coating using the 2ix ratios listed ia Table 2.

DRy ¥
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MANUFACTURING ENGINEERING INSTRUCTION

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.

Sprav Application

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 adjus: spray gun to fine
lighe fan. Hold the assembly at about 45° and spray across
the assembly with slow steady sweeps. Spray rear of PWB only.

S 2.3.2 Rotate assembly 90° and repeat the spray operation. Continue
m until all four sides have been coated.
: 2.3.3 Spray the PWB from vertical positionm.
y 2.3.4 Visually examine the coated assembly and spray .is necessary to
; completely coat requ’-ed areas.
@ 2.3.4.1 Alr dry 15 +2 minutes.
E 2.3.5 Cure tear of assewdtly in accordance with 2.4 minisum handling
: cure.
: 2.3.6 Coat the front side of assembly. Repeat 2.3.1 through {,3.4,
@
- [y
: 2.3.7 Cure front of asseably in accordance with 2.4 minimun handling
’ cure. Full cure per 2.4.

2.4 Curing of Coated PWB Assembly
® 2.4.1 Cure for =zinioum handling by using oven scan setzing 5 {low

intensity). Repeat for second side.

2.4.2 To achieve full cure of shadowed areas cure io air circulating
oven for 30 minutes miaimun at 200 +10°F.
® 2.4.3 Afzer full cure, rezove 2ll masking caterials wizh tweezers.
PAG V AR v
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2.5 Component Replacement

2.5.1 . Cut component leads close to body of component.

2.5.2 Remove the ‘illet of conformal cvating from around component
body with a hot knife. Scrape off residual coating with
orange stick.

2.3.3 Remove component from PWB.

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

2.3.5 Install the new component onto the assembly.

2.5.6 Clean the assembly per MEI 1.9.1.

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

2.5.8 Brush on small amount of material and cure per 2.4%.
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3.0
3.1

3.1.1

3.1.2
3.1.3

3.4

REQUIREMENTS

General

When measured on the flat areas . f the board, the thickness of
the coating shall be 0.0015 +0.0ul inch.

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

Continuity afd coverage may be determined with the use of any

ultraviolet light. Required areas shall be coated.

Areas under flat bottomed components which are mounted {lush
with the circuit board need not be coated.

Equipment
Oven, air circulating

Qven, Ulcra Vioclet,
Model BP720-1SPL

Product Materials

UV conformal coating,
Hughson 3650-21

Process Materials

Brush #2, camel hair
Bu:yi acetate
Cotton swmock

Hot knife

Qrange stick

PC Flex Mask, #1 heavy

Rubber gloves
Stirring rod
Tape, Taflom

Teague depressor

Blue M Electric Co.
Blue Island, IL

Interpress Corp.
Duarce, CA

Hughson Chemical Co.

MRO N70-0404
MCB BX175C
Cozmercial
Commercial
MRO N60-2714

Conironic Services
westzistar, CA

MRO N60-1260
Cozmercial
Commercial

RO N60-1010
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4.0 APPLICABLE DOCUMENTS

4.1 MEL Specifications

MEI 1.9.1

MEI 2.1.28
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Cleaning of Electroniz
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Operation of Ultraviolet
Curing Oven
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