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Foreword

This Final Progress Report covers the activities performed from
March 1979 through February 1980, under contract N66001-79-C-0022 WJC.

The program was conducted within the Advanced Manufacturing Technology
Laboratory at the Pomona Division of General Dynamics. The cognizant
responsibility is under Dr. M. L. Charters of Advanced Manufacturing
Technology. Mr. William L. MacTurk is the program director and
principal investigator. Messrs G. K. Paulitz and C. R. Auletti of
Advanced Manufacturing Technology have the technical tasks of the
injection molding/tooling and plating portions respectively of this
program. Electrical and Environmental Testing is under the direction
of Mr. R. M. Haner, Group Engineer of Engineering Design Department 223.

The work has been authorized by the Naval Sea Systems Command,
Manufacturing Technology Code SEA 035, Mr. Harry Byron. The contract
is being monitored and technical direction provided by the Naval Ocean
Systems Center, Code 9243, Mr. John Markall.
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ABSTRACT

The work contained in this report details the activities
accomplished from March 1979 to the end of February 1980

by the Advanced Manufacturing Technology Section at General
Dynamics, Pomona Division, on a Manufacturing Technology
Program for Microwave Components. Specifically this program
deals with the injection molding and plating of a plastic
microwave waveqguide post filter operating in the S Band
region and suitable for use on the Navy Phalanx Ship/Gun
System now under production at General Dynamics Pomona.

This extremely low cost lightweight plastic filter has
excellent design advantages over the conventional machined
metal filter such as VSWR, insertion loss, and attenuation
at stop band, in addition to large significant cost factors
compared with the machined metal filters of over 20:1.

Since other electrical filters of the same geometry working
at different frequency bands in the Phalanx Ship/Gun System
are also compatible with this manufacturing development
process these filters would also exhibit extremely large
cost savings and superior electrical design advantages in
comparison with conventional machined metal filters now
employed.

This program, sponsored by the Naval Ocean Systems Center,

San Diego, California, under contract N66001-79-C-0022 WJC,
enabled the transition from a development phase to a production-
ready manufacturing process whereby low cost, lightweight,
injection molded microwave filters were produced with high
production yields commensurate with high design reliability

and performance.

This final report also contains the test plan which was
assiduously followed during the course of the program and
the results appear as appendices at the end of the report
with the appropriate organization group that conducted the
tests designated.
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ABSTRACT (Continued)

A Development Process Specification (D.P.S.) detailing the
manufacturing steps pursued in the construction of these
microwave filters is also appended to this final report
along with vendor information as to the materials employed
in the fabrication of the filters.

Engineering drawings and tool drawings of the filter design
and fabrication are also included in this final report.
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1.0 OBJECTIVE

To establish, demonstrate, and document a manufacturing
process specifically for fabricating plated microwave
injection molded post waveguide filters operating in the S
band region. The filter in question is a 13 post comb
filter injection molded from a polyester/glass filled
thermoplastic called Valox 420 SEO manufactured by General
Electric.

This process shall be commensurate with production
scale techniques and tooling. The resultant filters will
be suitable for use with land or sea based military radar
systems and also on missile radar and aircraft radar systems.

These injection molded filters will exhibit superior
electrical characteristics to the conventional metal
machined filters with cost reductions greater than 20:1.
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2.0 INTRODUCTION

Over the past several years much of the IRAD activity pursued
by the Advanced Manufacturing Technology Section at General Dynamics
Pomona Division has been in the field of plastic injection molded
microwave componentry. Here high strength, high temperature
injection molded plastics have been utilized to produce precision
microwave components at a fraction of the cost of conventional
metal componentry, and in many cases superior electrical
characteristics and, as a consequence, superior design reliability
are achieved. Design repeatability has also been enhanced by these
automated processes since machine operator error has been removed.

Four patents have been issued to General Dynamics, Pomona
Division over the past four years on plastic molded microwave horns,
filters, and antennas. They are: 3,896,545, Molded Waveguide Filter
with Integral Tuning Posts; 3,955,161, Molded Waveguide Filters with
Integral Tuning Posts; 3,897,294, Forming a Parabolic Antenna; and
3,985,851, Method of Forming a Feed Hovrn.

The Phalanx CIWS System has incorporated an injection molded
microwave window lens into the production contract, with a series
of four microwave filters of differing wavelengths also being
proposed by the Engineering Group for acceptance into the Phalanx
CIWS production contract, after the initial successes by Advanced
Manufacturing Technology on plated microwave filters exhibiting
superior electrical characteristics at cost savings greater than
20:1 over conventional machined metal filters.

Machined metal filters of this type due to stringent
dimensional tolerances and complexity of manufacture do not afford
production yields and if costly machining, dip brazing, plating and
assembly operations attendant with large capital equipment outlays
are to be avoided it is mandatory that the highly automated
injection molded microwave filter be employed.

To this end the program sponsored by N.0.S5.C San Diego,
California and contained in this report will show the feasibility
of this type of microwave plastic component and its acceptance
into the Navy Phalanx CIWS.
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3.0 ENGINEERING APPROACH AND RESULTS

3.1 Machined Metal Microwave Filters

Conventional machined metal waveguide post filters by their
nature have extremely high attendant cost factors and are difficult
to produce.

Large capital outlays are required for machining and dip brazing
metal waveguide filters, and with the stringent dimensional tolerances
which must be met with these microwave components an inherently large
scrap rate results.

Repeated operator errors in machining these metal filters and
the ensuing complex dip brazing and assembly operations imply a
condition of non-uniformity of dimension between filters and
tolerance error build-up between the tuning posts of each filter.
This in turn leads to poor electrical filtering or failure at the
operational level. This has been evidenced in the S band filter
contained in the body of this report where electrical specifications
such as insertion loss, VSWR, and stop band attenuation could not be
met and had to be increased in order to produce a machined metal filter
within the specified pass band.

The current standard approach in industry for fabricating
microwave post filters is the conventional method of machining
metals such as aluminum and copper and the utilization of dip or
silver brazing of the metal posts into the machined metal waveguide
cavity or in some cases dip or silver brazing the posts into the
filter cap. The filter cap is then machined with attachment holes
being drilled through the cap and mating with threaded holes in the
waveguide cavity walls. Tuning screws directly over or under the
tuning posts depending on whether the posts are in the filter cap
or waveguide cavity allow tuning of the filters by adjusting the
tuning screw into the waveguide cavity and so increasing or decreasing
the capacitive air gap between the post and tuning screw.

Since most post metal filters are fabricated from aluminum due
to weight reasons, these filters to prevent oxidation with time are
both copper and gold plated electrolytically. These plating
operations because of the complex physical geometry of the filters
enhance out of tolerance conditions due to non-uniform plating
thickness build-up caused by sharp corners in the waveguide cavities,
tuning post extremities, and tuning screw cavities. This in
addition to the stringent dimensional tolerances (0.003" to 0.0005")

—
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between post separation, post height, post diameter, and post
perpendicularity to waveguide 'a' and 'b' dimensions all exhibit

a precision which is difficult to achieve by conventional machining
practices.

3.1.1 Electrical Considerations

The design of microwave post filters is based on electrically
coupling arrays of circular rods located between parallel ground
planes. These rods are made to resonate
up to the mutual capacitances (C_) between rods and the self-
capacitance (Cg) of each rod and ground. To provide the proper
frequency response and band width desired, post diameter and post
separation are made to vary along the center line of the b-plane
of the waveguide cavity. The resultant small differences in
mutual and self-capacitances (pico-farads) between rods and
between each rod and ground can be directly related to precise
physical dimensions.

Figure 3-1 shows the electrical configuration of four
electrically coupled circular cylindrical rods between the parallel
ground planes of a waveguide body. The circular rods have a diameter,
d, and are spaced periodically at a distance, C. The ground planes
are separated at a distance, b. The spacing between adjacent rod
surfaces is denoted by a s and is given by s = ¢ - d with each rod
having some inductance value L.

vk ////// 77777 //////////4//{////‘]///
@'— @---%-- ----- 1r---@" l

L ////W ﬁ//////////////////////////////// 7/ 4

Figure 3-1 Electrical Configuration of Circular Rods
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Since small changes in the total static capacitance between
neighboring rods (sum of mutual and self-capacitances) result in
large frequency variations, it is mandatory that physical dimension-
ing of the rod diameters and spacings which directly relate to these
capacitances be precisely controlled.

3.1.1.1 Tuning

In practice it has been extremely difficult to machine metal
microwave filters and provide the stringent electrical performance
requirements desired. To provide some degree of control over
bandpass, attenuation, and insertion loss, tuning slugs are
positioned in the filter cap directly over each tuning post, the
post height being such that a constant air gap between post
height and the base of the filter cap is effected. The tuning slug
is then adjusted into this air gap to effect an increasing or
decreasing air capacitance as the need may be, and so control to
some extent the mutual and self-capacitances of successive coupled
rods.

This has proved satisfactory to some degree, although tuning
times have been excessive. For the S13 filter in question, tuning
the filter has taken in excess of 6 hours and in some cases, due
to out-of-tolerance machining, it can not be tuned.

The S13 metal filter discussed in this program has 13 tuning
screws. Each tuning screw has to be precisely adjusted by hand and
the 13 tuning screws have to be set and reset as adjustments are
made between successive pairs of rods in order to produce the proper
bandpass and frequency response over a large band of frequencies.

3.1.2 Metal Filter Costs

A cost analysis conducted some years ago on an S13 metal filter
showed a machine time in excess of 36 hours. Assembly time was in
excess of 16 hours, and the problem encountered in repeatability of
dimensional tolerances due to operator error resulted in a large
scrap rate (over 30 percent).

Comparing these costs with that of an injection molded plastic
filter, an operator using a single cavity mold can produce 40 filters
in an 8-hour work day. This is significant when it is also considered
that repeatability of dimensional tolerances is easily achieved and,
unlike conventional machined filters, operator error is entirely
eliminated.
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Figure 3-2 shows an S13 machined metal filter after final
assembly.

3.2 Selection of an Injection Molding Thermoplastic

As referenced in the Test Plan, Appendix A the program began
with examining the physical properties of the plastic selected
after a thorough comparison had been made with other injection molding
thermoplastics.

The Test Plan was the outline used in the compilation of the body
of this report and should be consulted as to program development and
time scheduling.

Three themmoplastics that were initiallyv attractive as candidates
for microwave filters were: Borg Warner's plating grade ABS Cycolac
EP 3510 for its ease of plating and moldability; General Electric's
20% glass filled polycarbonate Lexan 3417 for its low coefficient
of thermal expansion (1.49 x 10-2 in/in/OF), and Valox, which also
possessed a low coefficient of thermal expansion (3.10 x 10°° in/in/oF)
and thermal conductivity (1.3 BTU/hr/ft2/OF/in). A summary of the
plastics' thermal and mechanical properties is shown in Table 3-1.

Despite its ease of plating and high copper adhesion Borg Warner's
ABS was found to be unsatisfactory. This was due to its relatively
high coefficient of linear thermal expansion (see Table 3-1) which led
to Tongitudinal cracking of the electroless copper when subjected to
thermal cycling. Since dimensional stability is critical to the
fabrication of the filter, it was felt that the ABS parts would
exceed dimensional tolerances.

Though Lexan easily passed the dimensional stability requirement,
its surface was found to be difficult to "wet" and all adhesion
values were well under one pound pull per inch width. The poor
copper adhesion led to numerous blisters on plated Lexan parts.

Like Lexan, Valox easily met dimensional tolerance requirements,
but its surface unlike Lexan's was easily wettable, which allowed
for even etching action, and ultimately far greater copper adhesion.

Copper-plated Valox parts passed the thermal cycling temperatures,
with no longitudinal cracking in the plating. This was due to the
lower coefficient of thermal expansion (as compared to ABS) brought
about by the presence of glass fibers in the polyester resin.

Bl i e et e
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3.2.1 Coefficient of Thermal Expansion and Thermal Conductivity
of Injection Molded Plastics

In intricate molded shapes such as the microwave filter under
discussion two important characteristics should be observed during
the molding phase. These are the coefficient of thermal expansion
of the plastic (a) and the thermal conductivity factor (k).

Coefficients of thermal expansion should be as low as possible,
and thermal conduction be as high as practical, consistent with good
design practice. Complex injection molded shapes with high thermal
expansion coefficients and low thermal conductivities exhibit
considerable "dimpling" and "sinking" due to poor heat conduction
and high shrinkage through the thicker portion of the mold during the
molding phase. Good heat conduction through the plastic to the cold
surfaces of the tooling mold must be accomplished uniformly and
quickly if "sinks" are to be prevented, especially under the high
pressures involved.

Examples of these effects are numerous and Figure 3-3 shows this
condition for ABS plastic (Cycolac). Figure 3-4 shows the smooth,
uniform appearance of a polyester/glass (Valox) molded part at the
same location.

Table 3-1 is self-explanatory and defines the large differences
in the @ and k factors between ABS platable-grade injection molded
plastic and injection molded polyester/glass.

Figure 3-3 also exhibits carbonizing at the top of the output
post. This condition is enhanced by the low thermal conductivity
of the ABS plastic although the major cause is plastic "burning"
due to extremely hot air entrapment and siow air escape in that
area.

3.2.2 Valox 420 SEO Properties

Physical and mechanical properties of Valox 420 SEQ are
excellent. The heat deflection temperature is very high and is
rated at 4159F. Water absorption is very low and a waveguide
filter immersed in water at room temperature for 24 hours showed
an increase in weight of only 0.08 percent. At an operating
temperature of 160°F, the maximum temperature the filters would
experience, the flexural modulus of the Valox would be greater
thgn 5.7 x 105 psi and the tensile strength in excess of 10.6 x
10° psi.
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For these reasons and others stated previously this injection
molded plastic was accepted for fabrication of the S13 microwave
filter.

3.3 Mechanical Properties of Valox 420 SEO

3.3.1 Sample Size Selection

The program began with the design and fabrication of the molds
for tensile strength, compressive strenqgth, and flexural modulus.

The mold for the tensile strength was made in accordance with
ASTM D638-71a utilizing a type V sample size.

Type V represents the smallest sample and is 0.125" thick,
0.125" wide, and 2.5" long. This smaller size was selected for all
cases because it is superior in moldability. This will result in a
more homogeneous density and thus a true sample of the material.

A larger sample size would develop premature crystallization
and perhaps voids. For the compressive strength test a sample size
of 0.125" thick, 0.50" wide, and 1.0" long was selected from
paragraph 5-2 of ASTM D695. For the flexural modulus test a sample
size of 0.125" thick, 0.50" wide, and 2.5" long was selected
because of its compatibility with the compressive sample in
thickness and width, and acceptability with ASTM D790. Both samples
were cut from parts made from a 0.125" by 0.5" by 3.0" mold. This
was done to reduce tooling costs on the sample molds.

Both the tensile mold and the common mold used for the compressive
strength and flexural modulus tests after fabrication were used to
mold the specimens required for the comprehensive tests which followed.

Five test coupons each were fabricated for the three tests
specified above. Figures 3-5, 3-6 show two specimens in the Instron
Testing Machine ready for tensile strength measurements. Figure 3-7
depicts the chart drive of the Instron Universal Testing Machine.

3.3.2 Tensile Strength

As stated in Section II-B, 1 of the Test Plan tensile strength
of the five injection molded Valox coupons should be greater than
16,000 psi.
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Table 3-2 shows the tensile strength on five molded
coupons all well above the test acceptance level, and from the
table the mathematics derived for tensile strength, sampling,
and standard deviation.

A = WxD where A = area (in2); W = Width (in); D = Depth (in)
Stress = Force/A
N N
X = (X" + X% ««-X")/N
2 v &
- EX - WX
Std.Dev. = Y]
Using the data for sample 0
A= 0.129"x 0.121" = .0156 inZ
Stress = 275 1bs/0.0156 in° = 1.76 x 10% psi
and for the total sampling,
X =1.77 x 10% psi
Std. Dev. ;;/Q].?G x 1052 + (1.71 x 10492 ... 501,77 x 1092
4

= 4.89 x 10° psi

Two coupons, numbers 4 and 5, were discarded since breakage
occurred outside the predetermined gage marks. (See ASTM D 638
paragraph 7.3.)

Appendix B contains the chart graph data taken from the Instron
Tensilometer.

3.3.3 Compressive Strength

Table 3-3 delineates compressive strength sampling on six test
coupons. Test acceptance level was 18,000 psi as indicated in the
Test Plan and again all sample coupons well exceeded the test
specification. As in the tensile strength measurements the average
value and the standard deviation value computed as required
by ASTM D638-71a paragraph 10.6 and 10.7 were derived as follows:
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A = WxD where A = Area (in%); W = Width (in); and
* D = Depth (in)
Stress = Force/A
X = (X] + X2 + e XN)/N %
Std. Dev. =

\/EXZ-//X’_L ,
i n-7 |

1 Using the data for sample 1,

A=0.491 x 0.123 = 6.04 x 1072 in?
Stress = 1235 1bs/6.04 x 10"2in% = 2.05 x 10 psi
E and for the total sampling,
R = 2.18 x 10% ps;
12 22 a2
Std. Dev. = /(2.05 x 10°) + (2.11 x 10)° - (6 (2.18 x 10))

5

9,83 x 102 psi

Appendix B 1lists the chart graph data.

3.3.4 Flexural Modulus

The flexural modulus samples, like the tensile and compressive
samples, were made intentionally small. They were selected from
ASTM-D790, Method I, and had a 0.500" width, 0.125" depth, and 2.5"
length., Five samples were molded by Manufacturing Technology and
tested by Department 27, Quality Assurance Group.

Table 3-4 gives the sample data and test results.
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Appended below is the mathematics deriving the required standard
deviation and the flexural modulus value for sample number 1.

where,
S = L3p and I = _gg?
481E 12
_+3, P
E=1L"( S )
4 bd3
P/S = Slope at tangent to load deflection curve.

R o= (X HXp#Xg oo X /N

/éxz—mi‘
-1

using the data for sample 1,

Std. Dev.

E = (2in®) x (500 1b/in)  _ 4 q3 4 10 osi
4 (0.489") x (0.122)°
and for the total sampling,

% = 1.17 x 10° psi
Std. Dev. ;/Q].ls x 108)24(1.19 x 10%)2 ... - 5(1.17 x 108)2
3

= 3,35 x 104 psi

Figure 3-8 specimen A shows a flexural modulus sample after
testing.

3.4 Thermal Properties of Valox 420 SEO

To verify the vendor's (General Electric) thermal properties
two pieces of test equipment were designed and built. These were
(a) a thermal chamber to determine the thermal conductivity of the
Valox 420 SEO plastic and (b) a controlled temperature water chamber
containing the specimen to verify the thermal expansion of Valox
420 SEO.

N
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3.4.1 Thermal Chamber and Heat Source

An insulated chamber was fabricated from 2 lb/ft3 polyurethane
foam molded with a cylindrical hollow core to accept the aluminum
heat sources. Thickness of foam insulation including the cover was
approximately 3".

The aluminum heat reservoir was a solid aluminum cylinder 4.25"
in diameter and 18" long of 6061 alloy. The mass of this cylinder
was 19.31 1bs or 8.76 Kg. Figure 3-9 shows the heat source and
insulation. The mating surface at the end of the cylinder to which
the plastic test sample was attached was machined flat and polished
to a 6 #¥inch RMS finish.

The plastic sample was attached by four screws around the
periphery of the aluminum cylinder. Sample thickness was 0.184"
with a diameter of 4.25". The thermocouple monitoring the outer
face of the plastic sample is retained by flexible low density
foam of low thermal conductivity, while the heat reservoir thermo-
couple is retained by a small hole drilled into the aluminum heat
source surface. Figure 3-10 depicts this assembly. The heat
reservoir is subjected to an oven temperature for 8 hours before
being ptaced in the thermal chamber. No temperature drop of this
heat reservoir has been observed over a period of two hours.
Duration of the thermal conductivity test will be no greater than
ten minutes.

3.4.1.1 Thermal Conductivity of Valox 420 SEO

An injection molded circular plastic sample of Valox 420 SEO,
4.25" in diameter and 0.188" in thickness, was mounted to the end
of a solid aluminum cylinder 4.25" in diameter and 18" in length
by four screws, the aluminum cylinder acting as the heat sogrce
and being encased in an insulated chamber of molded 2 1b/ft
polyurethane foam.

Two thermocouples were attached to the assembly, one thermocouple

monitoring the aluminum heat source and being read by a precise
digital thermometer, and the other monitoring the outer surface of
the plastic sample and being read on an X-Y recorder. Figure

3-11 shows the test equipment used. Results were as follows;

12
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= MCAT = 0.148 x 0.55 x 82
¢ A0 0117 = 56.77 BTU's/hr ?
and K= QX =56.77 x 0.184 _ 1.3 BTU/hr/ft2/F%/in

At 0.098

where Q = BTU/hr
M= mass/1bs of sample specimen = 0.148 1bs

4
at

specific heat of Valox 420 SEO = 0.55

temperature difference between sample conducting surfaces
(i.e. ty -t,)°F
AO = Time to reach temperature difference - Hours = 0.117 Hrs.
X = sample thickness - inches = 0.184"
A = area of sample part - feet? = 0.098 Ft2

Vendor data shee 8ec1f1es the thermal conductivity of Valox 420 SEQ
as 1.3 BTU/hr/ft</F°/qin.

3.4.1.2 Thermal Expansion Apparatus

The coefficient of thermaa expans1 n of Valox 420 SEO was
measured in the range from -40°F to 160 F using a liquid cooled
(alcohol) and water heated jacketed sample fixture.

The apparatus consisted of a temperature controlied heating or
cooling source, a variable speed pump and a jacketed sample fixture.
The fixture consisted of a 1.6" diameter (ID) aluminum tube, 5"
long with an input and output fluid port at each end of the tube.

The sample dimensions were 5.5" x 0.30" x 0.44" with the sample
protruding from each end of the tube in such a manner as to be
restrained externally at one end and the expansion of the sample
measured at the other end with a precision dial indicator. The

tube ends were sealed with silicon rubber which does not inhibit the
expansion of the Valox test sample. The temperature control-assembly
was mounted in a foam insulated box to reduce convective heat losses.
Figure 3-12 shows the test apparatus in the cooling mode.

13
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3.4.1.2.1 Thermal Expansion of Valox 420 SEQ

3 The starting temperature for the reference measurement was 76.5°F.

' The initial length of the part was checked and recorded at 5.628".
The part was then held secureon one end by an anchor plate and a Brown
and Sharp dial indicator was set to 0.0000" on the other end. Hot water
was pumped through the chamber and maintained at 30°C (86.89F) for 15
minutes. The dial indicator showed the expansion to be 0.0008".

From the expression Az:"“"”_ , the experimental coefficient of
thermal expansion is calculated.

Where AL = total change in length
& = coefficient of Tinear expansion
L = starting length
At = temperature change
Using the experimental data,

o g x 1074

5.628" x (86.8°F-76.5CF)

= 1.38 x 10”2 in/in/°F.

Experimental uncertainty utilizing this apparatus is derived
theoretically by taking the partial derivative of the equation for
= Ab/iat . The partial of each variable is interpreted as
the uncertainty in the measured value of that quantity.

ol . LAt NAL)~ AL(LotJ(AT)—L AL )
- (L Aat)*
. o(ar)~ AL(a(At)rdlL )
- L AT

Where, o
J{At)= 0.1°F

ofac)= 1074 in

JL = 1073 in

At = 10.3%F

AL = 0.8 x 1073 in
L = 5.628 in

14
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Evaiuating, the exper1menta3 uncertainty of the values of cAis
no better than 3.3 x 1077 in/in/°F. Therefore, g<'1s 1.38 + 107
in/in/OF for the temperature range of 220C to 30°C.

A s1m11ar exper1ment using an alcohol bath for the temperature
range of -30°C to_229C der1ved an experimental value for-< of
1.35 £ 0.15 x 10~ in/in/OF.

The %endor's specified value for <X in the flow direction is
1.4 x 1072 in/in/OF. A1 values determined by this test apparatus
agree closely with the vendor values.

3.5 Electroless Copper Plating of Valox 420 SEOQ

Excellent progress was made in the areas of vapor honing, plating
process development, and copper adhesion during the first quarter
of this program. Figure 3-13 shows the injection molding machine
from which the plating samples were injection molded.

3.5.1 Vapor Honing

The vapor honing equipment consists of a venturi feed air spray
gun with a ceramic nozzle, an aluminum spray booth and a three
gallon reservoir with a variable speed rotary mixer. The apparatus
is depicted in Figure 3-14.

The most efficient concentration of vapor honing grit contained
in the slurry was determined to be twenty percent by weight. Grit
sizes of #325, #325/150 blend, and #220 were utilized to determine
which yields the greatest adhesion values.

3.5.2 Plating Apparatus

A Masterflex tube pump and variable speed controller i5 being
used to circulate the plating solution through a double walled
nylon filter bag packed with glass wool. The tube pump and plating
set-up are shown in Figures 3-15 and 3-16 respectively.

The tube pump is unique because Shipley's CP-70 electroless
copper will deposit copper on the internal parts of conventional
filtration systems, rendering them useless. The plating solution
never comes into contact with the tube pump as the solution is
self-contained in high temperature Tygon tubing. Tygon is also
resistant to strong acids and alkalis. The variable speed pump
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is capable of pumping from one to fifty gallons per hour.

3.5.3 Plating Conditions for Valox

The plating bath is air agitated as well as being circulated
with the filtration pump. Air agitation prevents hydrogen gas
bubbles, generated by the reduction of copper, from adhering to
the surface of the part and causing voids in the piating to develop.

Two vendor supplied palladium catalysts were experimented with
to activate the Valox substrate prior to metallization. The
catalyzts contain colloidal palladium. The difference between the
two is in the size of the colloid. A smaller colloid provides
more nucleation sites for the copper, and thus greater adhesion and
a more uniform coverage.

The finer colloid is also operated hot, 11OOF, providing a

greater mobility of the palladium and a more even coverage. The large

colloid is run at room temperature and frequently decomposes due to

the reluctance of the larger particles to remain in suspension. The
small colloid, Shipley's Cataposit 44, has also increased the copper
adhesion to the Valox substrate.

3.5.4 Copper Adhesion

Copper adhesion is determined quaniitatively by measuring the
pounds of force required to peel the copper off the Valox substrate.
Peel tests were accomplished in the following manner: First tensile
bar test specimens were injection molded and vapor honed thoroughly.
After 1-2 miis of Shipley CP-70 heavy build electroless copper were
deposited on the samples, the specimens had four 1/8 inch peel test
patterns photoengraved on the copper surface. After etching the
peel test patterns were pulled by the Instron Universal Testing
Machine Model No. TTD. Multiplying the machine reading by eight
yielded a value with dimensions of pounds pull per inch width.

Though vapor honing is critical for good copper adhesion, it
alone did not prepare the surface adequately; an average value of
0.80 1bs per inch width of copper adhesion was obtained for a
specimen treated solely by vapor honing. Chemical etchants were
needed to further increase copper adhesion.

Two types of etchants were desirable: One to degrade the
polyester and another to attack the glass fibers imbedded in the
polyester resin. Polyester is attacked by strong acids and strong

SO PR SO
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alkalis and tests were developed to determine which reagent yielded
superior attack results.

The first test run was to obtain the percentage weight loss of
the tensile bar. If a reagent was effectively attacking the poéyester,
a decrease in the total weight of the specimen would be observed.
Magnetically stirred, four liter baths of 20% (by weight) NaOH, 50%
(by volume) HN03, and 20% H3P04 - 10% H2504 in saturated HZCrO4 were
prepared. After subjecting samples to various times in the baths, only
specimens treated in NaOH showed no appreciable weight loss. The

samples subjected to the H3P04-H2504-H2Cr04 bath could not be entirely

activated by the palladium catalyst due to a powdery film. This film
could not be removed by ultrasonic cleaning, lengthy rinsing cycles,
or chemical treatment. Mechanical removal of this film would not be
feasible on the comb filter, so 50% HNO3 was chosen to etch the
polyester.

Ammonium bifluoride (NH4F-HF) and hydrofluoric acid (HF) were the

two reagents considered as the etchants for the glass fibers. A 10%
(by volume) solution of HF was chosen because of its much faster
reaction rate in attacking the glass.

The next task was to determine the length of time in each etchant
a part should be exposed. A test was set-up comparing time in
etching baths versus peel strength. Samples were subjected to various
times in the 50% HNO 3 and 10% HF baths, after spending ten minutes in
the cleaner/conditioner and then plated. This data is summarized
on Figure 3-17. The time where a maximum occurred is where the most
effective etching took place.

The maximums occurred at five minutes in the HNO3 bath and between
five and ten minutes in the HF bath.

Additional etch time versus peel strength tests were run
combining the HNO3 and HF etchants. A five minute etch in the HNO3

bath was held constant for all tests because of the discrete maximum
obtained at five minutes on Figure 3-17. Etch time in HF was varied
from five to sixty minutes, the samples were then plated and pulled,
These results are summarized on Figure 3-18. A maximum was observed
between five and ten minutes, coinciding with the maximum on

Figure 3-17 where HF was the sole etchant. From this it was
concluded that etches of five minutes in HNO3 and seven and one

half minutes in HF are the most effective etches for Valox before

plating, yielding up to three pounds per inch peel strength. i

17
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This conclusion was reinforced by peel strength versus percent
weight loss tests shown on Figure 3-19. The weight losses were
recorded for all combined HNO3 and HF etches, and then plotted against
their respective peel strengths. The range of most efficient percent
weight losses occurred between 0.15% and 0.35%. The weight loss for
a 5 minute HN03/10 minute HF etch was 0.24%, which fell near the
middie of the maximum range.

3.5.4.1 Plating Adhesion of Test Coupons

Figure 3-20 depicts the sequence of operations in preparing a
test coupon for peel testing, they are:

A. Injection Molded Test Coupon.
B. Plated Test Coupon.

C. Photoengraved Test Coupon.

D. Etched Test Coupon.

The etched test coupon was then set up on the Instron Universal
Testing Machine as shown in Figure 3-21. The crosshead speed of the
Instron was set at 2 inches per minute as called out in Mil-Std-P-
55617. Figure 3-22 shows the peel test being performed on one of
the Valox/copper test coupons. The average peel strength for three
test coupons was 2.9 pounds per inch width. These adhesion values
meet the requirements of the Test Plan Section [I-C-1 and the test
results are documented in Quality Assurance Report 225952. See
Appendix C.

3.5.5 Copper Thickness and Uniformity

Six test specimens were plated for microsectioning and analysis
by the Quality Assurance Group, Dept. 27. The uniformity of plating
was verified by measuring the thickness of copper at the top, middle,
and bottom of the coupon. Figure 3-23 shows a typical microsection
of a plated test coupon. The six coupons met the requirements of
Test Plan Sections II-C-2, and II-C-3 which state that the copper
thickness including gold flash shall be 0.0008" + 0.0002" and shall not
vary above or below the dimension and tolerance at any given point on
the test coupon. The results are tabulated in Quality Assurance
Report R 225978. See Appendix C.

3.5.6 Surface Finish of Test Coupons

Six additional test specimens were plated for surface finish
measurements to be recorded by the Quality Assurance Group. The
plated test coupons were inspected on a Taylor Hobson Talysurf 10

3
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Profilometer. Surface finish on all the plated test coupons met
the 63/as called out in the Test Plan Section II-C-4. The test
results are contained in Appendix C and Table 3-8.

3.5.7 Plating Integrity After Thermal Shock

A CO, bottle was connected to a calibrated thermal chamber, the
chamber containing an automatic sensor and solenoid control to
maintain the low temperature extreme required (-40°F). The chamber
was also equipped with high temperature controls when manually set
to the temperature desired (+1609F). Attached to the chamber with
an iron/constantan thSrmocoup1e was a precision digital thermometer
(+ 29F, - 60°F to 500°F).

Temperature cycling was recorded on a calibrated thermal graph
recorder also attached to the chamber. Testing involved temperature
cycling the six electroless copper plated Valox samples from -40°F
to +160°F for ten cycles using the time durations called out in
Mil-Std 202D, Table 107-1.

-40°F for 30 minutes
Room Temp for 5 minutes max. 1 Cycle
+1600F for 30 minutes

Time to cycle between -40°F and +160°F was less than 5 minutes
and conversely the time duration to cycle between +160°F to -40°F was
less than 5 minutes. Figure 3-24 shows the samples in the thermal
chamber and Figure 3-25 the entire test set-up.

The six test coupons were examined by the Quality Assurance Group
Dept. 27 for delamination and blistering, as per Test Plan Section
I1-D-1. No delamination or blistering occurred from the harsh thermal
cycling. The test results are documented in Quality Assurance
Report R272259. See Appendix D.

3.5.8 Plating Process Development

With the proper etchants and times of immersion in each bath now
obtained, a total metallizing procedure for Valox has been finalized.
The procedure is outlined in Table 3-5.

3.6 Injection Molding Development
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3.6.1 Prototype Mold

Using an existing S13 prototype mold, which had been used in
prior years to demonstrate the feasibility of injection molding
this complex electrical filter, Advanced Manufacturing Technology
examined solutions to problems encountered previously. The areas of
endeavor were, 1) the elimination of warpage and 2) an examination
of the thermal cycle effects on plastic shrinkage. The data gained
from these experiments was then used in the production mold design.

3.6.1.1 MWarpage

The warpage, caused by unequal shrinkage of the Valox filters,
was due to the anisotropic characteristics of the glass filled
plastic. The gating of the prototype mold was altered to demonstrate
the warpage reduction through proper gate location. The prototype
waveguide cavity mold, shown in Figure 3-26, was altered with a
second gate, such that the plastic flow along the B plane was balanced
horizontally. Molded parts exhibited 0.000" warpage longitudinally
in the B plane and 0.010" longitudinally in the A plane due to the
vertical flow imbalance. From this data it was decided to gate the
production mold cavity with two gates at the edge thereby balancing
plastic flow in all planes. This gate style and others are illustrated
in Figure 3-27.

3.6.1.2 Shrinkage at Elevated Temperatures

Design requirements for the S13 filter included the ability of
the part to withstand a non-operating temperature range from
-40°F to *160°F with no degradation of the electrical requirements
as called out in section II-1-1,2 of the Test Plan. For this
reason the prototype mold was used to evaluate the creep or long
term shrinkage at elevated temperatures. Molded samples were held
at room temperature for one month, six hours at 1100F to simulate
plating, and 40 hours at 160°F to simulate a non-operating storage
temperature. Measurements conducted during and in between these steps
showed no creepage at room temperature. The plating creepage was
0.002 in./in. in the cross-flow direction and 0.0002 in./in. in the
flow direction. The resulting 160°F creepage was 0.004 in./in. in
the cross-flow direction and 0.0000 in./in. in the flow direction.
However all 1609F creep occurred in the first 16 hours with no
measurable change in the last 24 hours. The creep differentials
were largely due to glass fiber orientation within the plastic
which occur with plastic flow into the mold cavity.
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3.6.1.3 One Piece Post Cavity Mold

The feasibility of a one piece post cavity was demonstrated
in an effort to eliminate the tuning post flash and the resulting
poor physical tolerances, both caused by the spreading of the two
piece post cavity mold. Here a "Valox" ejector was used to eject
the molded part out of the mold shown in Figure 3-28. Previously the
two cavity halves were unbolted and separated allowing part removal.
Because of this successful demonstrat1on the production post cavity
was designed as a single unit with 0o° post taper.

3.6.2 513 Production Mold Design - Initial Phase

The production molds, although similar to the prototype molds
in their basic design, incorporated closer tolerances and were far
more durable to help withstand the "Valox" glass abrasive qualities
under high injection moid pressures. Other mold differences
included: molded in end-caps, edge gating for better flow
characteristics, and as stated before a one piece post cavity.

Filter production in an on-going Ship/Gun Program production was
intended to be the end use of the new molds and for this reason
a Martensitic 440C stainless steel was chasen as the mold material.
440C combines a high abrasion resistance, resistance to corrosion,
medium machinability, and medium resistance to softening. It was
hardened to a Rockwell C of 56 and polished to a 10/ finish.
Coefficient gf thermal expans1on of this stainless ‘steel
is 5.6 x 1070 in./in. CF.

Because of the stringent tolerances in the S13 filter reflected
by Section II-F of the Test Plan, the molds were designed in two
phases. In the initial phase the molds were partially completed and
parts were molded to precisely determine the mold shrinkages. Then
in the final design phase the molds were completed and final
grinding operations could reflect the exact shrinkage which would
produce the precise plastic dimensions required.

The waveguide cavity mold is shown in its initial phase in
Figure 3-29. 1Initial shrinkage allowances, taken from the General
Electric "Valox" Injection Molding Guide, were maximized on all cores
and minimized on all cavities to allow grinding to the dimensions
required. Figures 3-30, 31, and 32 illustrate these problems to
be considered in injection molding this filter. The mold shrinkage
allowances are depicted in Table 3-5. The precise shrinkage
allowances used in the final phase of the moid are discussed
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in Section 3-6-3 of this report.

The mold gating as previously discussed was accomplished
through two edge gates. These gates were 0.060" deep with a
0.020" wide gate Tand to minimize premature plastic freezing.
These gates were fed by two 0.375" diameter runners each
terminated with a cold well. The gate design drawing is shown
in Appendix N in Figure N-1. The waveguide cap mold is shown
in its initial phase in Figure 3-33. Here the shrinkages were
maximized and minimized as done in the waveguide cavity with
the exception of the tuning posts. Shrinkage values for post
separations were the mean listed value, 0.006 in./in., and post
diameters were 0.020" undersized to allow movement of the posts as
well as grinding of the final diameters. The shrinkage values
used in the mold are delineated in Table 3-5.

The waveguide cap mold, like the waveguide cavity mold, was
designed with an edge gate. This configuration was chosen to
produce filters which reflected a dimensional compatibility
with the waveguide mold. The single edge gate was 0.100" deep,
had a 0.020" wide gate land, and was fed by a 0.375" wide trapezoidal
runner. The gate design is depicted in the drawing in Appendix N
Figure N-2.

The input-output connector inserts around the connector holes
were omitted in the initial mold configuration to determine the
degree of movement which would have to be adjusted for in the
final configuration.

The mold design was sent to several mold vendors for bidding,
and Amerace/Caco-Pacific was chosen to produce the molds.

3.6.3 S13 Mold Design - Final Phase

Upon delivery of the S13 production molds from the vendor
to Advanced Manufacturing Technology the injection molding
parameters were optimized for the Towest warpage and best
surface finish. These molding parameters are depicted in
Table 3-6.

A sample Tot of 12 filter caps and 12 waveguide cavities was
injection molded from each mold. The physical measurements obtained
from these parts, along with the mold measurements, were used to
establish the molding tolerances and the precise mold shrinkages.
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The three standard deviation molding tolerances were well
within the Test Plan tolerances called out in Section II-F, thereby
demonstrating the repeatability of the process. Mold shrinkages
were computed using the existing mold dimensions, the mean part
dimensions, and the equation,

2 _ D mold
S*+S= ppart !

and S :/'D mold - 0.75 0.5

D part i

where, S = Shrinkage
D = Mean Dimension

After computing the shrinkages for each critical part dimension
the final mold dimensions were derived with,

D mold = (S2 + S+ 1) D part
(final) (final)

With the completion of the final waveguide cavity and cap mold
dimensions several other changes were made. Because of extremely
close mold mating tolerances tapered venting was added to all mold
extremities to reduce air entrapment and burning. The connector
inserts, previously omitted to allow connector hole movement, were
now added. The molded in waveguide end caps were removed from the
mold to optimize plating solution flow in the molded waveguide
cavity and to allow the use of a thermal stabilization fixture.
Lastly three tapered alignment pins and sleeves were added to both
molds to maintain cap-waveguide alignment during assembly. The
completed molds are depicted in Figures 3-34 and 3-35.

A waveguide end cap mold shown in Figure 3-36 and in Appendix N
Figure N-3 was designed and built to provide end caps, which are
attached to the filter assembly with four screws. Upon their com-
pletion the waveguide cavity and cap molds were inspected by the
Quality Assurance Group, Dept. 27, and were within the tolerances
delineated on the drawings in Figures N-1 and N-2 in Appendix N.
This certificate of compliance is included in Appendix E and
satisfies the requirements of section II-F of the Test Plan.
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3.6.4 Post Molding Processes

To overcome the elevated temperature plastic creep which was
discussed in Section 3.6.1 of this report, all molded filter parts
were subjected to a 20 hour 160°F thermal stabilization. During this
stabilization, a fixture, depicted in Figure N-4, Appendix N, was
inserted into the waveguide cavity to reduce the stresses which .
bend the cavity walls inward.

A1l threaded holes and countersinks ideally could be molded into
the filter assembly. However, because of design restrictions and
plastic susceptibility to warpage, post molding operations were
necessary. The thirteen threaded tuning screw holes could not be
molded because of the fine 64 threads per inch. Good design practice
1imits 'Valox' molded threads to 28 threads per inch. To decrease
the labor involved and to increase dimensional accuracy a drill
fixture was built. The fixture, depicted in Figure N-5, fits into
the waveguide cavity and aligns itself with the three sleeves in
the cavity wall. This allows the tuning screw positions to be
within 0.002" after drilling and tapping.

The 0.086-56 end cap holes were not molded because of their
fineness, nor were inserts molded in as they would interfere with
the mold gating. As a result the eight holes were drilled with a
template and then tapped. The input and output posts, which are
molded into the waveguide, are tapped in the center to allow insertion
of the connector pins. To accomplish this, a drill fixture was
designed to slip into the cavity and over the post, the drill would
then be guided by the upper portion of the fixture now centered over 1
the post. This fixture is illustrated in Figure N-6. After drilling,
the holes are tapped with a 1.2-102 metric thread.

With the completion of all molding development portions of
this program twenty S13 filters were molded and used in testing to
satisfy the requirements of the Test Plan Sections II-F,G,H, and I.

3.7 Copper and Gold Plating of Injection Molded Filters '

3.7.1 Copper Thickness and Uniformity

Five waveqguide cavities and caps were electroless copper plated
for microsectioning and analysis by the Quality Assurance Group,
Dept. 27. The uniformity of plating was verified by measuring the
thickness of copper at various positions on the waveguide cavities
and caps. The five filters met the requirements of Test Plan Section
11-G-1 which state that the copper thickness including gold flash
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shall be 0.0008" + 0.0002" and shall not vary above or below the
dimension and tolerance at any given point on the test coupon. The
results are tabulated in Quality Assurance Report R394859 and
contained in Appendix C.

3.7.2 Surface Finish of Plated Filters

Five copper/gold plated filters were inspected for surface
finish on a Taylor Hobson Talysurf 10 Profilometer. Surface finish
on the plated injection molded filter varied above and below the

63 finish requirement due to the difficulty in controlling the
vapor honing process because of complex part geometry. A1l filters
tested for surface finish were below 1004 and it was observed
during electrical test between vapor honed filters and filters which
had not been roughened that no deleterious effects to VSWR and
insertion loss had occurred. The test results are contained in
Appendix G and Table 3-9.

3.7.3 Thermal Shock-Plated Injection Molded Filters

Two thermal shock tests were run on three wavequide filters.
The first thermal shock test was water immersion. This harsh test
consisted of ten cycles. One compiete cycle consisted of immersing
a filter into boiling water for ten seconds then removing the filter
and immersing it into room temperature running water for ten seconds,
and repeating these operations continuously for ten cycles. Figure
3-37 shows a filter immersed in boiling water and Figure 3-38 a filter
immersed in room temperature water. The actual test was run in the
Department 24-6 laboratory utilizing a flowing water rinse tank
instead of the beaker shown in Figure 4-40 which was used for
photographic purposes. The three filters met the requirements of
Test Plan Section II-H-1 which states that there shall be no
lTongitudinal cracking, blistering, or delamination of the copper
plating.

The second thermal shock test run was cycling between the
temperature extremes of -40°F and + 160°F for ten cycles. The
procedure and apparatus used on the three filters was identical to
that of the plated test coupons. A complete description is
contained in this report, Section 3.5.7. The three plated injection
molded filters met the requirements of Test Plan Section I[-H-2
which states that there shall be no delamination or blistering of
the gold/copper plating from the polyester substrate. The test
results are documented in Quality Assurance Report R 394606 and
contained in Appendix H of this report.

25
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3.8 Functional Testing of the Plated Injection
“Molded Filter

This portion of the program as outlined in Section II-I of the
Test Plan was conducted by the Engineering Section, Antennas and
Microwave, Group 223 with the results of the testing contained in
Appendix I.

3.8.1 Electrical Testing of Injection Molded Filters -
Operating Temperature Range

Three filters were tested electrically on an Automatic Network
Analyzer HP 8542 and met the requirements as delineated in the
Test Plan where an operating temperature range from 40°F to 150°F
had to be passed successfully over the pass band and the stop band
requirements had to be met over this temperature range.

Average insertion loss over the pass band which had been reduced
from Fc + 125 MHz to FC + 100 MHz due to the inability of metal

production filters to meet this requirement over the operating
temperature range at 40CF, 70°F, and 150°F was 1.0 db, 0.99 db and
1.32 db respectively. Average VSWR readings over the temperature
range noted was 1:35:1; 1:31:1; and 1:39:1 respectively. Stop band
attenuation was read at 60:29; 58:24; and 57:39 respectively.

These results were well above the requirements specified in the
Test Plan, Section II-I-1 where insertion loss within the pass band
is given as 2 db maximum; VSWR 1-8:1 maximum; and the stop band
attenuation at FC + 220 MHz is to be no less than 45 db minimum,

Table 3-10 depicts these results for one filter, GF11.

3.8.2 Non Operating Temperature Cycling of Injection
Molded Filters

Ten cycles from -40°F to 160°F was imposed on three filters as
specified in I1I-H-2 and II-1-2(a) to conform to the Test Plan for
the non operating condition of the filters. A complete description
is contained in Section 3.5.7 where excellent results were achieved.

Appendix I depicts in detail the remainder of the functional
testing by Group 223 on Shock, Vibration (Random and Sinusoidal)
and Humidity. A1l filters completed the tests successfully.
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TABLE 3-1

THERMAL AND MECHANICAL PROPERTIES
OF VARIQUS PLASTICS

TE¥WweTTST Y RT T R amRe TETETIn S

AT ETEE TR TR T e - E

_,-,.,W,-——v,..-.._.w.v

ABS

Thermoplastic Lexan Valox
eflection Temp.
gefie o 206 300 420
ge]ection Temp.

F 264 psi 189 295 400
Mold Shrinkage In/In | 7 x 1073 3 x 1073 4 x 1073
Coefficient of Linear -5 -5 -5
Ther@al Expansion 6.1 x 10 1.5 x 10 3.1 x 10
Per “F
Thermal Condgctivity
BTU/hr./ft2/°/F/in 1.9 1.47 1.3
Water Absorption % NA 0.16 0.07
Tensile Strength at
Yield 1000 psi 6.1 16.0 17.0
Elastic Modu]gs
In Tension 10”2 psi 3.3 8.6 NA
Flexural Strength
At Yield 1000 psi 10.5 19.0 27.0
Elastic Modulus

In Flexure 107 psi 3.4 8.0 11.0




I
TABLE 3-2 B

|

|

INJECTION MOLDED COUPONS

Tensile Strength

sample W (in.) D (in.) A (in.?) Force (1bs) Stress (psi)
0 0.129  0.121 0.0156 275 1.76 x 10° 3
1 0.129  0.121 0.0156 270 1.71 x 10 |
2 0.130  0.122 0.0158 290 1.82 x 10° ’
| 3 0.130  0.120 0.0156 270 1.74 x 10°
{ 4 0.129 0.120 0.0155 - No Test ]
i 5 0.131 0.121 0.0159 - No Test
g 6 0.131  0.121 0.0159 290 1.82 x 10°
Test Acceptance Level 1.6 x 104
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TABLE 3-3

COMPRESSIVE STRENGTH

sample W(in.) D (in.) A (in.%)
1 0.491  0.123  6.04 x 1072
2 0.489  0.123  6.01 x 1072
3 0.489  0.122  5.97 x 1072
4 0.490 0.121  5.93 x 1072
5 0.490 0.122  5.98 x 1072
6 0.490  0.121  5.97 x 1072

Test acceptance level

Force (1bs)  Stress (psi)
1235 2.05 x 10°
1265 2.11 x 10%
1295 2.17 x 10
1340 2.26 x 10°
1385 2.32 x 10%
1290 2.16 x 10

] 1.80 x 10°




TABLE 3-4

FLEXURAL MCJULUS

Sample  b(in) d(in) L(in) P/S(1b/in) E(psi)
1 0.489  0.122  2.00 500 1.13 x 10°
2 0.490  0.123  2.00 542 1.19 x 10°
3 0.488  0.122  2.00 505 1.14 x 108
4 0.490 0.123  2.00 552 1.21 x 108
5 0.490  0.121 2.00 508 1.17 x 108
Test plan acceptance level - 1.00 x 106
4
1
1}
{
| 30
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TABLE 3-5

METALLIZATION SEQUENCE FOR VALOX 420 SEO

Operation

Vapor hone thoroughly

Ultrasonic cleaning (D. I. water)
MacDermid 9076 conditioner @150°F
Rinse (D.I. Preferred)

50% HNO3 PR/T

Rinse (D.I. Preferred)

10% HF @GR/T

Rinse (D.I. Preferred)

20% NaOH @R/T (Neutralizes)
Ultrasonic cleaning {D.I. water)
MacDermid 9076 conditioner @150°F
Rinse (D.I. only)

Cataprep 505 BR/T

Cataposit 44 @110°F

Rinse (D.I. only)

Shipley Accelerator 19 GR/T

Rinse {D.I. only)

Shipley CP-70 Electroless Copper
@110° - 120°F until 0.8 mil thick

Gold Flash (75 millionths thick)

31
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Time

Min
Min
Min
Min
Min
Min
Min
Min
Min
Min
Min
Min
Min
Min
Min
Min




TABLE 3-6

CRITICAL MOLD SHRINKAGE ALLOWANCE

PART

Waveguide
Cavity

Waveguide
Cavity

Waveguide
Cavity

Cap-beam
Cap-beam
Cap-Posts

Cap-Posts
Cap-Posts

DIRECTION

Length
Width
Depth

Length
Width

Center
spacing

Depth
Diameter

ALLOWANCE

+

-+

+

+

+

+

.010 in/in

.020 in/in

.020 in/in

.002 in/in
.002 in/in

.006 in/in
.010 in/in
.020 A11

FLOW DIRECTION

Flow
Cross Flow
Cross Flow

Flow
Cross flow

Flow
Flow
Not Appl.
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TABLE 3-7

INJECTION MOLDING CONDITIONS FOR S13 PLASTIC FILTER

Wavequide Cavity

Parameter

And Cap

Waveguide Cap

Waveguide Cavity

Mold Temperature
Nozzle Temperature
Barrel-Front Zone
Barrel-Rear Zone
Injection Pressure
Hold Pressure

Back Pressure
Injection Time
Hold Time

Cycle Time
Injection Speed

Screw Speed

Shot Size

Value

75%F
500°F
490°F
480°F

1,500 psig
1,100 psig
50 psig

2 sec

30 sec
180 sec

Maximum
Possible

60 rpm

1.25 oz
2.0 oz

Tolerance

+ 10°F

+ 5%F

50F

5°F

20 psig
20 psig
10 psig
0.5 sec
0.5 sec
1 sec

[+ 1+ 1+ |+ {+ |+ |+ |+

10 rpm

|+

+ 0.1 oz

+ 0.1 0z
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TABLE 3-8

SURFACE FINISH OF PLATED TEST COUPONS

Sample Surface Finish (RMS) Surface Finish (RMS) |

Side A Side B |

|
65 60 61
66 45 60
67 62 46
68 60 60
69 47 44
71 58 48

44
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Filter

1
2
3
4
5

TABLE 3-9

SURFACE FINISH OF PLATED FILTERS

Surface Finish (RMS)

Surface Finish (RMS)

Cap Cavity
52 64
80 60
87 53
42 66
71 93




TABLE 3-10

ELECTRICAL DATA OVER THE OPERATING TEMPERATURE RANGE
FOR FILTER GF-11

Insertion Loss Stop Band

70° 1.31:1 0.99 58.24
150° 1.39:1 1.32 57.39

Specifications 1.8:1 2.0 45.0
Maximum Max imum Minimum

o Pass Band Pass Band Attenuation
Temperature (°F) VSWR (Ave.)  dB (Ave.) (Ave.]
40° 1.35:1 1.00 60.29




TABLE 3-11

COST OF THE FIRST TEN S-13 FILTERS FOR PHALANX

Part #5188423 Metal Filter

1. Outside Purchase Costs
Machining, end plates, cap, and body
Assemble and Aluminum braze

Finishing, immersion zinc, copper
and gold plate

Total 0.S.P.
2. Factory Costs

2-1 Assembly Parts

Inserts 22
Screws 30
Washers 30

Connector Assembly (2)
Tuning Screws

Total Parts Cost

2-2 Labor Cost Etc.

Factory
Inspection
Overhead
Raw Material

2-3 Tuning The S-13 Filter
Six hours average time
Total Cost of S-13 Filter

$ 138.00
$ 125.00

$ 210.00

$ 473.00

> R % R a2l

$ 156.00
$1,132.42




TABLE 3-11 (Continued)

COST OF THE FIRST TEN S-13 FILTERS FOR PHALANX

Added Cost for First 10 Filters

1st Filter Cost $ 2,750.
11 Change orders to relax Tolerance

#5188425 $ 1,100.
7 Change orders on metal finishing

#5188425 $ 700.
8 Change orders to relax tolerance

#5188424 $ 800.
Tooling costs paid by G.D. $ 650.

Rejection rate on 1st 10 was 50%
Average cost of first 20 was $1,942.00

Cost of rejected parts $ 19420.
Cost $ 25420.
25420.00

10 $2542.00 Added cost by rejects etc. each

Total cost for filter #10 is

Present Cost $ 1,132.
Added Cost $ 2,542,

Average cost of first ten filters $ 3,674,

00
00

00

00
00

00
00

42
00
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TABLE 3-12

INJECTION MOLDED FILTER COSTS

1 Fabrication Costs

Materials

Valox 500 1b lots $2.68/1b.

Filter Cap .09 1bs x $2.68/1b = § 0.24
Waveguide body .19 1bs x $2.68/1b = $ 0.51
End Caps (2) .006 1bs x $2.68/1b = §  0.01
Inserts (22) @ 35¢ =$ 7.70 ,‘
Screws  (30) e 7¢ =$  2.10 4
Washers (30) @ 2¢ =$ 0.60 j
Connector Assembly (2) @ $3.16 =$ 6.32
Tuning Screws (13) @ $2.50 =$ 32.50
Total Fabricatinn Material $ 49.98
Labor
Waveguide Body (Insert Loading and
Injection Molding) 10 Min
Filter Cap. (Insert Loading and
Injection Molding) 10 Min
End Caps (2) Injection Molding 2 Min
Drill Filter Cap 4 Min
Drill End Caps 2 Min
Countersink Filter Cap 4 Min
Countersink End Caps 2 Min
Gate Removal from Filter Cap 2 Min
Gate Removal from Waveguide Body 4 Min

39




TABLE 3-12 (Continued)

INJECTION MOLDED FILTER COSTS

I Fabrication Costs

Labor

4 Tap Both Ends of Filter Cap

Deburr and Remove Flash (Filter Cap)

Deburr and Remove Flash (Waveguide Body)

Drill Tuning Screw Holes (13) in Waveguide Body
Countersink Tuning Screw Holes (13)

Tap Tuning Screw Holes (13)

Drill Holes at Ends of Waveguide Body (4)

Drill Holes (2) Into Input and Qutput Waveguide
Posts 3

Tap Holes (4) Into Input and Output Waveguide
Posts 4

Environmental Stabilization of Filter Cap

w O H W O B

1

Total Labor-Fabrication

Labor Cost $25/hr x 1 hr 22 Min =

40

A

IR B - Ay YWY AR o~ v owr

Min
Min
Min
Min
Min
Min
Min

Min

Min

Min

and Waveguide Body 6

Hr 22 Min
$34.16

e




TABLE 3-12 (Continued)

INJECTION MOLDED FILTER COSTS

I1 Plating Costs

Materials

.75 Silica Blend Grit @ $0.40/1b. 0.5 1b x $0.40/1b = $0.20
HNO $3.77/1b,

HF $3.80/1b, = $0.10

NaOH $7.50/1b,
Cataprep 505 $2.00/1iter
Cataposit 44 $85.49/11iter

3 @
@
@
@
@

Acceleration 19 @ $3.56/1iter
@
@
@
@
@

$2.70
CP70-A $0.93/1iter
CP70-2 $1.60/1iter

CP70-M $3.38/1iter
Metal finishing pad $0.40/Sheet = $0.40
Gold Plating $800.00/0z
Thickness = 75 x 107 in. = $0.15
Total Plating Material = $3.55
Labor
Vapor hone 10 Min
Etch 15 Min
Electroless Copper Plate 15 Min
Polish 30 Min
Electrolytic Gold Plate 5 Min_
Total Labaor-Plating = 1 hr, 15 Min

Total Labor Cost = $25.00/hr x 1 hr, 156 min = $31.25
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TABLE 3-12 (Continued)

INJECTION MOLDED FILTER COSTS

IIT Assembly Costs

Labor

1. Insert connector pins (2) into input and 8 Min
output posts. Solder pins to post (2).

2. Place filter cap over waveguide body and 2 Min
over connector pins engaging alignment pins
of the filter cap with the alignment holes
in the waveguide body.

AR Ry oyt v

3. Fasten cap to waveguide body with 14 screws 15 Min
and washers, torque to 4 in-1bs.

4. Cut teflon dielectric to proper height then 6 Min
engage over connector pins (2).

5. Assemble connectors (2) over teflon dielectric 6 Min
and fasten with (8) screws and washers.
Torque to 3 in-1bs.

6. Insert (13) tuning screws. Check for complete 15 Min
travel through waveguide.

7. Place end caps (2) over filter assemb1y. 10 Min
Fasten with (8) screws. Torque to 2 in-1bs.

1 hr 12 Min

Total Labor - Assembly

; Total Labor Costs - Assembly $30.00 ﬂ

(25%/hr x 1 hr 12 min) {




TABLE 3-12 (Continued)

INJECTION MOLDED FILTER COSTS

IV Tuning Costs
1. Tune filter 20 Min

Labor Costs (25$/hr x 0.33 hr.) = $8.33

V Tooling Costs

Injection Molds $20,175.00
Tuning Screw Drill Fixture $2,000.00
Temperature Stabilization Fixtures $200.00
] Input-Output Pin Driil Fixture $200.00
] Total Tooling Costs $22,575.00
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TABLE 3-12 {(Continued) i

INJECTION MOLDED FILTER COSTS

S13 Molded Filter

st Senl,

Total Costs

PUTPRN

I Fabrication Labor Cost $ 34.16 i
Material Costs $ 49.98 :
I Plating Labor Costs § 31.25 é
Material Costs $ 3.55 §
IIT  Assembly Labor Cost $ 30.00 f
v Tuning Cost $ 8.33 j
Total Cost of Filter $ 157.27
v Total Tooling Costs $23,375.00
44




TABLE 3-13

METRIC CONVERSION TABLE

English Units Metric (SI) Units Conversion Factor
Given To Obtain Multiply by
Length

Inch (in) Meter (m) 2.540 x 1072
Foot (ft) Meter (m) 3.048 x 107!
Area
Inch? (in?) Meter? (m?) 6.452 x 107%
Foot? (ft?) Meter? (m?) 9.290 x 1072
Volume
Inchd (ind) Meter® (m°) 1.639 x 107°
Foot3 (£t3) Meter® (md) 2.832 x 107
Gallon (gal) Liter (1) 3.785
Force
Pound (1b) Newton (N) 4.448
Mass
Slug Kilogram (Kg) 1.459 x 10!
Pound (1b) Kilogram (Kg) 4.536 x 107
Pressure
b/in® (psi) Pascal (Pa) 6.895 x 10°
in. of Hg (60°F)  Pascal (Pa) 3.377 x 10°
Torque
in.-1b Joule (J) 1.130 x 107

Temperature
Cp Oc (ToF - 32)/1.8

e e e — e




TABLE 3-13 (Continued)

METRIC CONVERSION TABLE

English Units Metric {SI) Units Conversion Factor

Thermal Conductivity

BTU-in/hr-ftZ-OF CaT-cm/sec—cmz-OC 2.923 x 103
Density

1b/in° Kg/m> 2.768 x 10°

b/t Kg/m> 1.602 x 10/
Flow Rate

Gal/min 1/min 3.785
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Instron Universal Testing
Sample in Load Jaws

-5.
ine -

Mach

Figure 3
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A254353




Figure 3-6. Instron Universal Testing
Machine - Set-Up in Tension Mode
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Figure 3-7. Instron Universal Testing
Machine - Chart Drive
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Microsectioned Test Coupon

Figure 3-23.

A254368




AZ548309

Figure 3-24,  Envirommental Testing at Temperature
Fxtrenes - Valox/!lectroless Copper Samples
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3-21. Molded S13 Wavequide
Cap And Valox tjector
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4.0 RESULTS ANALYSIS - INJECTION MOLDED FILTER

The conclusion to this program has yielded excellent results
from the standpoint of cost, production, and design reliability:

1. Insertion loss of injection molded filter is extremely low
(0.99 db ave versus 1.40 db for machined aluminum filter).

2. The VSWR measurements again show the superiority of the
injection molded filter over the metal filter. Average
VSWR for the plastic filter was 1.31:1 versus 1.62:1 for
the aluminum filter.

3. Attenuation at the stop band alsos showed significant results.
The design specification calls out that attenuation shall be
no less than -45 db. Stop band attenuation was -58.24 db for
the injection molded filter versus -50.12 db for the metal
filter,

4. A weight reduction of 15 grams was realized (aluminum machined
filter 150 grams versus injection molded filter 135 grams).

5. A phenomenal cost savings of over 20:1 is a result of the
conclusion of this program. The excellent electrical results
achieved on this plastic injection molded filter allow this
concept to become mandatory if the costly machining operations
and large capital outlays necessary to build conventional metal
filters are to be avoided. Repeated operator errors in machining
metal filters with their stringent dimensional tolerances must
be eliminated to prevent the high scrap rate. This can be
accompiished with injection molded filters where uniformity and
repeatability in dimension and tolerance can be achieved
economically by automatic means.

The total cost of one injection molded wavequide filter was
! $157.27 compared with a machined aluminum filter costed at
: $3674.42. Complete cost breakdowns for the machined metal
and injection molded filters are contained in Tables 3-11
and 3-12, respectively.
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ADDENDUM

The environmental-electrical testing of the S13 filters exposed

one area which was considered marginal at the upper end of the
functional operating specifications for the Close In Negpon Systgm's
radar system. At operational temperature extremes (+40°F - +150°F)
the frequency response of the filters shifted 60 MRz. Through
proper tuning the filters passed the Test Plan requirements, but

the results did rot provide an adequate performance margin to
produce satisfactory production yields. An examination of the Valox
420-SEQ material was conducted, it established that the anisotropic
coefficient of thermal expansion was the cause for the frequency
shift. The fibrous reinforcement became directional during molding,
hence a(coefficient of thermal expansion) was decreased in one plane
alone.

Although the requirements of the Manufacturing Technology contract
were met, it was considered desirable to extend the results to more
fully cover this applicaticn.

A materials search was conducted to find a resin/filler replacement
for Valox 420-SEOQ to decrease the frequency shift. The three

factors examined were; 1) crystalline and amorphous resins for

low coefficients of thermal expansion, 2) adaptability to high filler
levels, 3) filler materials including fibers, beads, flakes, and
powders. Samples and filters were nioldea of five likely materials
for testing .. and frequency shifts at operational temperatures.

Five filters were fabricated from the improved material system.

Theae five fi&ters exhibited a frequency shift of 30 MHz from

+40°F to +150°F down from 60 MHz of the Valox material. This material
system was a polybutylene Terephthalate (thermoplastic polyester)

with 35. glass bead and 5: glass fiber. The PBT, a crystalline
thermoplastic, was chosen for its retention of strengths at high filler
loadings. The glass bead, an isotropic filler, lowered @ in all planes.
The glass fiber was included to increase mechanical properties. Since
Valox 420-SEQO is a PBT resin/30% glass fiber system and the new system
is PBT resin/35 bead - 5 fiber the metallization and injection
molding processes remained identical.

This material is currently being used in the CIWS production filters

qualification. An additional eight injection molded filters will
undergo environnental-electrical tests per Section II-I of the Test
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Pian. Performance verification of the new thermoplastic will be
under the auspices of the CIWS program office as final production
proofing for implementation in that system. The high mechanical
properties along with early test data give the program a higher
level of confidence in achieving superior filter performance
together with satisfactory production yields.
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APPENDIX A |

TEST PLAN
MANUFACTURING TECHNOLOGY PROGRAM
FOR
MICROWAVE COMPONENTS

CONTRACT N66001-79-C-0022 WJC




Introduction

This test plan is being submitted in compliance with the requirements
of Contract N66001-79-C-0022WJC, ''Microwave Component Manufacturing
Technology" specifically dealing with a manufacturing process to
produce plated injection molded waveguide filters.

The test plan defines the scope of the tests required to insure that
the hardware produced by the demonstrated manufacturing process meets
all applicable technical, functional, and performance criteria. It
presents details as to which tests are to be performed, what procedures
will be used to conduct the tests, what constitute the criteria for
test results acceptance, who has the responsibility for conducting

the tests, and the schedule for accomplishing the tests.

Ob jective

(a) To fabricate a series of similar plated microwave injection
molded post waveguide filters operating in the S band region to the
dimensions specified by the CIWS engineering drawing and to the
fabrication process specifications established in this program, for
the purpose of performing acceptance qualification tests.

R T—— ey -

(b) To formulate and document a test plan and procedures to determine

the structural, electrical, and environmental properties of this

13 post S band microwave filter, and to verify that it meets all
specifications consistent with the CIWS system requirements. All

test data is to be documented and submitted as part of the final

report along with a complete description of the corresponding manufacturing
process (Development Process Specification).

(¢) The test plan outlining the test results and the appropriate department

group at General Dynamics conducting the tests will appear as appendices
at the end of the final report.

, PREPARED BY: AJ. L LM.JT./_g_ CONCURRED BY: ///{( /fﬁ»zcécl/
- W. L. MacTurk G. E, Stanley
Program Director, System Developmeqf’i:d
General Dynamics, Pomona Div, Sub Contracts
halanx Program Office

APPROVED BY: ACCEPTED BY:

M. C¥ Abrams, Chief

Advanced Manufacturing Technology Program Monitor

General Dynamics, Pomona Div, Naval Ocean Systems Center
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Test Plan

Testing Requirements for an Injection Molded Plastic
Microwave Band Pass Filter Operating at S Band Frequencies

Physical Properties of Injection Molding Plastic - Valox
420 SEO Coupons

1. Tensile Strength

2. Compressive Strength

3. Flexural Modulus

4. Thermal Conductivity of Valox 420 SEO Plastic
5. Thermal Expansion of Valox 420 SEO Plastic

Electroless Plating Properties of Valox 420 SEQC Coupons

1. Copper Adhesion to Coupons
2. Copper Thickness

3. Copper Uniformity

4, Surface Finish

Thermal Shock

1. Plating Integrity of Coupons after Thermal Shock

Tooling Moldg ~ Injection Molding

. Design of Steel Waveguide Cavity Mold

Design of Steel Cap and Post Mold

. Fabrication of Steel Waveguide Cavity Mold

. Fabrication of Steel Cap and Post Mold

5. Dimensional Accuracy of Steel Waveguide Cavity Mold
6. Dimensional Accuracy of Steel Cap and Post Mold

SN -

Dimensional Tolerance Accuracy of Injection Molded Filter

1. Post Diamecters

2. Post Scparations

3. Post Length

4. Post Perpendicularities

5. Tuning Posts to Tuning Screws - Concentricity,
6. Waveguide Dimensions

7. Surface Finish

PRSI




G. Copper and Gold Plating of Injection Molded Filters

1. Dimensional Accuracy as referenced in Section II-G-1,
2, Surface Finish as referenced in Section II-G-2.

H. Thermal Shock - Plated Injection Molded Filters
1, Thermal Shock Cycling - Water Immersion
2. Thermal Shock Cycling - Temperature Extremes

I. Functional Testing of Plated Injection Molded Filters

1. Electrical Testing of Filters
2, Environmental Testing of Filters

II, Test Procedures on Injection Molded Waveguide Post Filters

B, Physical Properties of Injection Molding Plastic - Valox 420 SEO
Coupons

General Electric's Valox 420 SEO, a thermoplastic polyester resin E
reinforced with a 30% glass fiber component results in increased ]
thermal properties, strength, stiffness, and dimensional stability

over unreinforced grades of thermoplastics.

This reinforced glass thermoplastic is an excellent candidate for
this program.

Physical properties called out in Section I-B will be tasted to
verify the vendor’s numbers and should meet the following,

&

1. Tensile Strength > 16000 psi. (Minimum 5 test coupons) %
2. Compressive Strength > 18000 psi. (Minimum 5 test coupons) !
3. Flexural Modulus >1 x 106 psi. (Minimum 5 test coupons)

%4, Thermal Conductivity —1.3 BTU/Hr/th/in/oF

5. Coefficient of Thermal—1.3 to 1.5 1n/in/°F x 10-5 (Mold Direction) i<
Expansion ‘

: C. Electrolegs Plating Properties of Valox 420SEQ Coupons

1, Copper adhesion to test coupons (minimum 3 test coupons).
Peel strength shall be greater than 2.5 lbs per in/in when
! measured on a tensilometer to Mil-Std-P-55617.

2. Copper thickness. (Minimum 6 test coupons)
Copper thickness including gold flash shall be 0.0008" + 0.0002"

as cross sectioned for metallographic samples.

B
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Copper uniformity. (Minimum 6 test coupons)
Copper uniformity as to thickness and surface smoothness
shall not vary above or below the dimension and tolerance

given in Section 1I-C-2 at any given point on the test
coupon.

4, Surface Finish (minimum 6 test coupons) shall be no greater
than A

Thermal Shock

1. Plating Integrity of Coupons after Thermal Shock
(minimum 6 test coupons).
No delamination or blistering of the copper from the coupons
is allowed after testing as follows in a controlled thermal
chamber and cycled for 10 cycles

-40°F - 30 minutes

752F = 5 minutes maximum 1 Cycle
1600F - 30 minutes
75 F - 5 minutes maximum

Tooling Molds - Injection Molding

The engineering drawings which specify a machined metal filter with
machined tuning posts, dip brazed into the waveguide cap reflect
dimensional tolerances of a stringent critical nature due to more
than 50 machining and assembly operations required to produce this
filter. These dimensional tolerances in certain cases may be
relaxed in the injection molded filter since the waveguide cavity,
tuning posts, waveguide cap, mounting screw holes, are all injection
molded in a single shot operation. Consequently dimensions in some
areas of the molded filter will not follow those of the metal filter
but where critical tolerances affect electrical performance these
conditions will be met.

Tooling molds will be checked dimensionally and will reflect mold
shrinkage and plating thickness tolerances. Dimensions where
required will be held to the tolerances quoted under Section II-F.
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. F. Dimensional Tolerance Accuracy of Injection Molded Filter
1. Post Diameters (minimum of 5 filters). Diameters will
. be held to a dimensional tolerance of + .001,

2, Post Separztions. (Minimum of 5 filters). Separation
between tuning posts will be held to a dimensional tolerance
' of + 0,003",

3. Post length. (Minimum of 5 filters). Post length will be : |
held to a dimensional tolerance of + 0.002",

4, Post Perpendicularities. (Minimum of 5 filters). Posts must
be perpendicular to waveguide cap within + 0.003".

5. Concentricity of Tuning Posts to Tuning Screws (Minimum of
5 filters). Must be held within 0.002",

6. Waveguide Dimensions (Minimum of 5 filters). Must be held
to a dimensional tolerance of + ,005".

7. Surface Finish, (Minimum of 5 filters). Surface finish
must be better than ga/.

G. _Copper and Gold Plating of Injection Molded Filters

1. Dimensional Accuracy. (Minimum of 5 filters)
These will reflect the same tolerances called out in
Section II-F, 1, 2, 3, 4, S and 6. Copper thickness
including the gold flash for corrosion purposes will
have a dimension and tolerance of 0.0008" + 0,0002",

2. Surface Finish, (Minimum of 5 filters)
As referenced in Section 1I-F-7 surface finish will be
less than %;{

H. Thermal Shock - Plated Injection Molded Filters

! . . 1. Thermal Shock Cycling - Water Immersion (Minimum of 3 filters)

! ‘ This harsh test will consist of 10 cycles. One cycle will
consist of immersing a filter into boiling water for 10 seconds .
then removing the filter and immersing it into room temperature

! running water for 10 seconds, and repeating these operations

' continuously for ten cycles. Each filter will then be examined
for plating defects such as (a) longitudinal cracking of the

- copper surface, (b) blistering, or (c) delamination. No defects ]
allowed on a, b or c.

] A-5
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2.

Thermal Shock Cycling - Temperature Extremes (Minimum of 3 filters).
This will be identical to the thermal shock cycling as detailed

in Section II-D-1, No delamination or blistering of the gold/copper
from the plastic substrates of the filters allowed.

I. Functional Testing of Plated Injection Molded Filters
1. Electrical Testing of Filters (Minimum of 3 filters)

Filters will be tested on an Automatic Network Analyzer
HP 8542 and must meet the following requirements.

(a)
(b)
()
C))
(e)
(£)

Center frequency F = 1/5 (Fo - 1600) MHz
Pass Band Fc + 125 MHz
VSWR within Pass Band 1.8:1 maximum

Ingsertion loss within Pass Band 2db maximum
Attenuation at Fc + 220 MHz 45 db minimum

Attenuation at Fc - 220 MHz 45 db minimum

2. Environmental Testing of Filters (Minimum of 3 filters)

(a)

(b)

(c)

Temperature

The filter shall survive with no deterioration a non-
operating temperature range from -30°F to 168°F and an
operating temperature range of +40 F to +150 F without
degradation of the requirements specified/in II-I-1,
a,b,c,d,e, and f.

Shock

Three shocks in each direction shall be applied along three
mutually perpendicular axes of the filter (total of 18 shocks).
The shock pulse shape, acceleration, and duration will be a
half sine wave, of 40 g's with a 11 millisecond duration.
(Mil-Std 810C Method 516.2, procedure 1.)

Random and Sinusoidal Vibration

A random vibration of 30 minutes each in the three mutually
perpendicular axes of the filter, of 5.4 g's RMS at frequencies
between 20Hz to 2000 Hz corresponding to curve AE figure 514-2-5
procedure VII of Mil-5td-810C. Also a sinusoidal vibration of
30 minutes each in the three mutually perpendicular axes of the
filter to curve P at a peak acceleration level of 5 g's as shown
in Figure 514-2-5, Mil-Std-810C.

A-6
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III.

1v,

(d) Humidity

The filter must be capable of operating in a relative
humidity condition of 95% to Mil-Std-810C 3.4 procedure IV,

Criteria For Successful Test Determination j

Where applicable all tests conducted will meet the requirements
specified in the Design Instruction Environments D1-444-A-002A
Phalanx Close In Weapon System,

Testing requirements for the S13 plastic molded filter will

conform to the testing criteria of the S13 machined metal filter

and are contained in M6-223-9-21-109 "A". This engineering

document outlines the electrical test procedure used to determine

the satisfactory performance of the S13 comb filter. Specifications

for this filter are listed in M6-223-24,46-90"B" and the frequency

F_1is defined in M6-223-24,13-301"B", M6-223-9.21-109"A" also identifies
the test equipment used to electrically test the filter.

Document M6-223-24,46-90"C" outlines the signal generator package
requirements affecting the S13 filter and the dynamic input and
output voltages, power levels frequency ranges, and signals which
define successful operating criteria,

Document M6-223-24,13-110"A" defines the testing procedures for
successful operation for environmental testing of the filter along
with the appropriate MIL Standards outlining these tests.

Plating thickness and adhesion must meet the test requirements called
out in Section II-C of this test plan. Mechanical properties of the

injection molded plastic must meet the test criteria detailed in
Section II-B of the test plan.

Dimensional tolerance structure of the filter
criteria of section II-F&G of the test plan,

Test Responsibility

The Phalanx Program Office surveillance of the testing procedures
outlined in Section II will be under the direction of Mr., V, A, .
Ferradino of the Quality Assurance Group Dept. 27. ;

The mechanical properties called out in Section II-B, 1, 2, and 3,

will be conducted by the Quality Assurance Group Dept. 27 under

the supervision of Mr. Joe Harrel. Mr. Harrel will also have the
responsibility of Quality Assurance testing of Sectiom II-C, 1, 2,3,and 4,




Testing in Section II-H, 1, and 2, will be conducted by Advanced
Manufacturing Technology under the direction of Dr, M. C. Abrams,
but these tests will be verified by Quality Assurance

under the supervision of Mr, Harrel., Testing of the items under
Mr. Harrel's department will be conducted by Mr. Frank Sawyer of
Department 6-125,

Tooling molds and dimensional accuracy of the molded filters
called out in Sections II-E, II-F, and II-G will be under the
supervision of Mr. W, Olson, Quality Assurance Group Dept. 27.

Thermal conditions specified in Section II-B items 4 and 5 will be
conducted by Advanced Manufacturing Technology under the direction
of Dr. M. C. Abrams. Tests also conducted by Manufacturing
Technology are defined in Section II-D with Quality Assurance
supervision under Mr. Joe Harrel.

Functional Testing of the plated injection molded filters will be
conducted by the Engineering Department Group 6-223 under the
direction of Mr. R. M. Haner. These tests which include electrical
and environmental testing of the filters are defined in Section I
items 1(3); (b), (C); (d), (e), and (f), and items 2 (a)l (b)’ (C),
and (d).

Test equipment and results will be monitored for Quality Assurance
under the direction of Mr. Joe Harrel.
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Iime Schedule

TASK M J}] J A
1, Tensile Strength of Valox 420 SEO -
2. Compressive Strength of Valox 420 SEO -
3. Flexural Modulus of Valox 420 SEO ]
4, Thermal Conductivity of Valox 420 SEO ||
5. Coefficient of Thermal Expansion 1
of Valox 420 SEO
6. Copper Adhesion (Peel Strength) of 1
Valox 420 SEO
7. Copper Thickness of Valox 420 SEO A
. Copper Uniformity on Valox 420 SEO ]
9. Surface Finish of Plated Copper on
Valox 420 SEO
10. Thermal Shock Tests on Plated —+
Valox 420 SEO
11. Tooling Molds - Dimensional i
Accuracy
12. Dimensional Tolerance Accuracy - —
Injection Molded Filter
13, Dimensional Accuracy - Plated
Injection Molded Filter
14, Thermal Shock - Plated Injection
Molded Filter
15. Functional Testing of Plated
Injection Molded Filter
(a) Electrical
(b) Environmental
16. Final Report
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APPENDIX B

PHYSICAL PROPERTIES OF INJECTION MOLDING

PLASTIC-VALOX 420 SEO COUPONS
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CERTIFICATE OF COMPLIANCE

DATE: 26 June 1979
TO: W. L. MacTurk Dept. 24-~6

IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN
INSPECTED FOR TENSILE STRENGTH, COMPRESSIVE STRENGTH, AND FLEXURAL

MODULUS. i

The material was tested on an Instron Universal Testing Machine
Model #TTD. The material meets the requirements of the Test Plan

M-24-6-866 Sections II-B-1, II-B-2, and II-B~3, Quality Assurance ;
Report R225925 is attached to this certificate of compliance and
delineates the data obtained and the method of testing., Calibration
on equipment is not due until 21 February 1980.

DESCRIPTION
General Electric's Injection Molded Valox 420-SEO
[PART NUMBER REVISION PURCHASE ORDER NUMBER  |PACKING SHEET NUMBER ! 7

- P0177771A

[GTHRER DOCUMENTATION
Contract N66001-79-C-0022 WJC ‘
ﬂ
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GENERAL DYNAMICS | POMONA

CERTIFICATE OF COMPLIANCE

DATE: 1 August 1979

TOs W. L. MacTurk Dept. 24-6

IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN
INSPECTED FOR COPPER ADHESION.

The material was tested on an Instron Universal Testing Machine Model
# TTD. The material meets the requirement of the Test Plan M-24-6-866
Section II-C-1. Quality Assurance Report R 225952 is attached to this
certificate of compliance and delineates the data obtained and the

method of testing. Calibration on equipment is not due until 21 February
1980.

PACKING SHEET NUMBER

-
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GENERAL DYNAMICS I POMONA

CERTIFICATE OF COMPLIANCE

DATE: 29 August 1979
TOn W. L. MacTurk Dept. 24-6

IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN HAS
BEEN INSPECTED FOR COPPER THICKNESS AND UNIFORMITY.

The material was inspected on a Balphot Metallograph Cat. #42-31-22.

The material meets the requirements of the Test Plan M-24-6-866 Sections
[I-C-2 and II-C-3. Quality Assurance Report R225978 is attached to this
certificate of compliance and delineates the data obtained.

ey —
DESCRIPTION

Electroless Copper/Valox 420-SEQ Test Coupons

Y 3 BT T 3
PART NUMBER REVISION PUACHASE ORDER NUMBER PACKING SHEET NUMBER

SRR BSTURENTATION
Contract N66001-79-C-0022 WJC
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T

]
LL%
Y

Cr rd \‘
TITLE: 3
VALITY CON, [N RTMENT
GENERAL DYHAMICS MONA

C-5 FORM 27372
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GENERAL ODYNAMICS | POMONA

CERTIFICATE OF COMPLIANCE

DATE: 3 JANUARY 1980

TOx W. L. MacTurk Dept. 24-6
IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN
HAS BEEN INSPECTED FOR SURFACE FINISH.
The material was inspected on a Taylor Hobson Talysurf 10.

The surface finish of the six electroless copper/Valox
420-SEQ test coupons was less than\lgoe’

OCICRIPTION

Electroless Copper/Valox 420-SEQ Test Coupons

Ty re
PART NUMBER REVISION PURCHASE OROER NUMBER PACKING SREET NUMBER

[GTHER COCUMENTATION

Contract N66001-79-C-0022 WJC

c-8 roRM 27372
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GENERAL DYNAMICS | POMONA

CERTIFICATE OF COMPLIANCE

DATE:

l
I .
|
!

17 September 1979

W. L. MacTurk Dept. 24-6

IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN
INSPECTED FOR PLATING INTEGRITY AFTER THERMAL SHOCK.

The material was visually inspected for delamination and blistering
of copper on the test coupons. The material meets the requirement
of the Test Plan M-24-6-866 Section 1I1-D-1. Quality Assurance
Report R272259 is attached to this certificate of compliance.
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GHIRIND

GENERAL DYNAMICS | POMONA

CERTIFICATE OF COMPLIANCE

OATE: 13 November 1979

T0: W. L. MacTurk

It is hereby certified that the mold described herein has been
inspected for the following:

Input and output post diameters; Post separation; Post Length;
Waveguide depth; Waveguide length; and Waveguide width. The
mold met the dimensions given by Tool Drawing 24-6-101 with the

tolerances taken from the Naval Test Plan Section II-F.

DEICRIPTION
S13 Filter, \aveguide Cavity Mold, 24-6-101

AREVISION PURCHASE QADER NUMBER lPACKlNG SMEET NUMBER

196911 |

PART NUMBER

5188425
OTHER OCCUMENTATION

N66001-79C-0022 WJC

TITLE: Q\Q-TBO\_ Em@(&,

QUALITY CUNTROL JEPARTMENT
GEANERAL JYNAMICS/ POMONA

E-1
rORM 27-37
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GHIliD

GENERAL DYNAMICS | POMONA

CERTIFICATE OF COMPLIANCE

DATE: 14 Hovember 1979

TO: W. L. MacTurk

It is here by certified that the mold described herein
has been inspected for the following?input and ouput
connector hole diameters and spacings; post diameters;
post spacings; and post lengths. The mold met the
dimensions given by the Tool Drawing 24-6-100 with the
tolerances taken from the Naval Test Plan Section II-F.

OESCRIPTION
S13 FILTER, CAP MOLD, 24-6-100

[FART NUMBER REVISION PURCHASE ORDER NUMBER  |PACKING SMEET NUMBER
5188424

[OTHER OOCUMENTATION
N66001-79C-0022 WJC

[ 3 4] ( . % ‘Z,/ /1 :' J

AUTHO -1

NAME: d

TITLE: S'Z i ab L 4
ALITY CONTROL DEPARTM
GENERAL DYNAMICS/POMONA

E-2

FORM 27-372




GHID

GENERAL DYNAMICS | POMONA

CERTIFICATE OF COMPLIANCE

DATE: 15 January 1980
b To8 W. L. MacTurk

It is hereby certified that the drill fixture described
within has been inspected for the following: tuning screw
hole spacings, alignment pin spacings, waveguide insert
width, and waveguide insert depth. The drill fixture met
the dimensions given by the Tool Drawing 24-6-102 with the
tolerances taken from the Naval Test Plan Section II-F-5.

ey e —
DESCRIPTION

S13 FILTER, TUNING SCREW DRILL FIXTURE 24-6-102

S
PART NUMBER NEVISIGN FUNCHASE ORDER NUMBER  |PACKING SHEET NUMBER
5188425

v ——
OTHER DOCUMENTATION

N66001-79C-0022 WJC

o - ;4/;/4 %,é /4 (:;\
AUTHORILED SIGNATURE )
NAME; —‘%K m

TTLE: Q_&ww /05/5"”"*""

UALITY CONTROL DEPARTMENT
GENERAL DYNAMICS/POMONA

E-3 *ORM 27172
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APPENDIX F
DIMENSIONAL TOLERANCE ACCURACY OF

INJECTION MOLDED FILTER
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GHID

GENERAL OYNAMICS | POMONA

CERTIFICATE QF COMPLIANCE

OATE: 27 March 1980
T W. L. MacTurk Dept. 24-6

IT IS HEREBY CERTIFIED THAT FIVE S13 FILTERS HAVE BEEN INSPECTED AND MET
THE FOLLOWING TOLERANCES WITH THE DIMENSIONS TAKEN FROM THE ENGINEERING
DRAWINGS SPECIFIED BELOW.

Post diameters perpendicular to center of B Plane + .001".

Post separations + .003".

Post Length + .002".

Post perpendicularities + .003".

N & W N -

Average concentricity of tuning posts to tuning screws
in longitudinal Plane + .004".

6. Waveguide length, width, and depth + .005"

DESCAIPTION

S13 FILTER ASSEMBLY

PAAT NUNBEA REVISION PURACHAIE OROZA NUMBER  |PACKING SREET ~UMSEA ‘ ]
5168423 - - -

HWEAR COCUMENTATION

ngr. Drawings #5188423 5188424, 5188425, 5188409, 5188415 l

T 42‘9'557=L éééfs. (A—MSI?{
QUAL:TY CSNTRQG ARTMENT

GENERAL JYNAMICS/ BOMONA
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APPENDIX G

COPPER AND GOLD PLATING OF FILTERS - DIMENSIONAL ACCURACY




GHD

GENERAL DYNAMICS | PCMONA

CEZRTIFICATE OF COMPLIANCE

pate: 29 January 1980

101 W. L. MacTurk 24-6 i

IT 1S HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN HAS
BEEN INSPECTED FOR COPPER THICKNESS AND UNIFORMITY.

The material was inspected on a Balphot Metallograph Cat. #42-31-22.
The material meets the requirements of the Test Plan M-24-6-866
Section I11-G-1. Quality Assurance Report R394859 delineates the
data obtained for the five waveguide filters.

DEICRIL TION

Electroless Copper/Valox 420-SEQ Filters
TFAAT NGNGER 'u\ﬁscm‘n {PUR?N:AJS CROZA NUMBAA  |PACXING SHEET wUMBEN

5188423

'STHAR SOG: Y4
Contract Ne6o01-79-C-0022 WJC

UAL.
GENER
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GHiiD

GENERAL DyYyNaAaMICS | pOMONA

CERTIFICATE OF COMPLIANCE

DATE: 5 January 1980
T W. L. MacTurk Dept. 24-6

IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN
HAS BEEN INSPECTED FOR SURFACE FINISH.

The material was inspected on a Taylor Hobson Talysurf 10.
The surface finish of the five electroless copper/Valox 420-SEQ
Filters was less than /100 .

(e ——
DEICRIPTION

Electroless Copper/Valox 420/SEQ Filters

p——————— ——— !
PAAT NunEEA ALVISION PUACHASE QRDER “LMBER | PACKING SAEET <UMBEN ‘I

STWEX OOCIMENTAT

Contract N66001-79-C-0022 WJC

G-4 somu 17.172
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APPENDIX H

THERMAL SHOCK—PLATED INJECTION MOLDED FILTERS
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GENERAL DYNAMICS

Pomona Division

TECHNICAL MEMORANDUM

™
24-6-866
LA‘ODEL

S13 FILTER

CONTRACT

N66001-79~-C-0022

DATE: 10 January 1980
TO: Mr. John Markall N.0.S.C. San Diego, CA

FrRoM: Advanced Manufacturing Technology 24-6

SUBJECT:

Thermal Shock - Plated Injection Molded Filter

REFERENCE:

DISTRIBUTION:
LIBRARY

PREPARED BY:

PREPARED BY:

REVIEWED BY:

APPROVED 8Y:

C L A ozt

C. R. Aulettn

)

. — ‘
. { /l(ac /Ay 4

W. L. MacTurk
- /-

iy v
M. L. -Charters

H-1

(O} FORM 6860 RY

i




TABLE H-1

THERMAL SHOCK CYCLING - WATER IMMERSION

. LONGITUDINAL
FILTER CRACKING DELAMINATION BLISTERING
3 None None None
4 None None None
5. flone None None




GHHD

SENERAL SYNAMICS | POMONA

CERTIFICATE OF CCOMPLIANCE

DATE: 15 February 1980
T W. L. MacTurk Dept. 24-6

IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN HAS i
BEEN INSPECTED FOR PLATING INTEGRITY AFTER THERMAL SHOCK.

The material was visually inspected for delamination and blistering :
of copper on the plated valox filters. The material meets the !
requirement of the Test Plan M-24-6-866 Section I-2-a. Quality :
Assurance Report R394606 is attached to this certificate of

compliance. é
|
OEICAIPTION
Electroless Copper/Valox 420-SEQ Filters

PAAT MUMBER ALVISION ’PURCNMI QROZA MUMARR PACKING SAEZT wuMEER

CTHER QOCUMENTATICN

Contract N66001-79-C-0022 WJC

— ]

EPARTNEN
GENERAL JYMAMIECS/ POMONA
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APPENDIX I

FUNCTIONAL TESTING OF PLATED INJECTION MOLDED FILTERS

Annex A. Temperature Test Data I-5

Annex B. Vibration Test Data 1-25
Annex C. Shock Test Data 1-67
Annex D. Vibration Test Data 1-93
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GENERAL DYNAMICS
Pomona Division
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6-223-9,18-50

MODEL

TECHNICAL MEMOR ANDUM
CONTRACT

DATE: 9 May 1980
! TO: W. L. MacTurk (4-26)

FROM: J. R, Allen

SUBJECT:

Test Report on S-13 Injection Molded Filters

REFERENCE:

! DISTRIBUTION: .'
LIBRARY

T

g ' W
, ;
PREPARED BY: ~ (\

i

f‘ ~J. R. Allen
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1. INTRODUCTION
This test program was conducted to evaluate the performance of

injection molded filters produced on contract N66001-79-C-0022WJC.
Seven filters were subjected to a test program consisting of
temperature, vibration, shock and humidity.
All filters met the electrical specifications outlined in

the test plan, CDRL A005, when tested to the environments as described

herein.

2. TEST SAMPLES

The three filters submitted for test were equivalent to GD/P
part number 5188423 S-13 combline bandpass filters except they were
injection molded using GE's Valox 420 SEO. The filters were tuned using
conventional tuning techniques, After tuning, the tuning screws were

locked with epoxy. No further adjustment was made during the test

program,
3. TEST PROCEDURES AND RESULTS

3.1 TEMPERATURE TEST

The test equipment was set up as follows:
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The automatic network analyzer was calibrated to the ends of the
semi-rigid cable using standard practices, After calibration the first
UUT was placed ii. the chamber and connected to the semi-rigid cables.

A thermocouple was attached to the body of the filter. Baseline VSWR
and insertion loss data was taken on the ANA at room ambient., The
chamber temperature was then lowered to 40°F. When the UUT reached

40°F VSWR and insertion loss data was again taken on the ANA. The
chamber temperature was then raised to 150°F. When the UUT reached the
test temperature VSWR and insertion loss data was obtained using the ANA.

This test sequence was repeated for the second and third filter.

Test data are present in Annex A.

3.2 VIBRATION

The test equipment was set up as follows:
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The X-Y recorder was calibrated such that it displayed a 2 dB
power variation over 4 1/2 inches in the Y-axis. The X-axis was adjusted
for a full scale sweep of 3 minutes, The UUT was installed on the
vibration table and power was applied at frequency Fo. The attenuator
was adjusted such that the power level displayed was mid-scale on the
X-Y recorder. Random vibration of 5.4 gRms 20 to 2000 Hz corresponding
to curve AE figure 514-2-5, procedure VII of MIL-STD-810C was applied
to the filter under test for 30 minutes. A 3 minute recording was made
of insertion loss at the beginning and end of the vibration run.
Without removing the UUT, vibrat.on was switched to sinusoidal in
accordance with curve P, figure J14-2-5, MIL-STD-810C (5 g's). The
sine sweep was applied for 30 minutes. A 3 minute recording of inser-
tion loss was made at the beginning and end of the run.

The vibration test was repeated a total of three times for three
mutually perpendicular axes.

The second and third filters were also vibrated as described above.

One of the three filters exhibited large variation in insertion
loss during random vibration. Subsequent investigation showed that one
of the solder joints on the connector center conductor cracked. This
filter was replaced with another unit and the complete vibration test
was repeated,

Two of the original filters and the replacement third filter
exhibited NQ variation in insertion loss as a result of vibration.

Test data are enclosed in Annex B.
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ANNEX A

TEMPERATURE TEST DATA
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' 3.3 SHOCK
I Each filter was subjected to three shocks in each direction along
three mutually perpendicular axes for a total of 18 shocks. The shock
pulse shape, acceleration and duration was half sine wave, 40 g's with
11 milliseconds duration.
ANA data taken before and after the shock indicated no degradation

in performance as a result of exposure to this environment.

' Test data is enclosed in Appendix C,.
' 3.4 HUMIDITY

The three filters were exposed to 95% relative humidity at tempera-
i tures ranging from 86°F to 140°F for a total of 11l hours.

Humidity cycling profile and before and after RF test data is

i enclosed in Appendix D.
‘ The filters showed no degradation in performance as a result of

exposure to this environment,
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