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ABSTRACT

Because of operational difficulties, the Motorola Beacon was
rejected as a test vehicle for evaluating components packaging
techniques, and advanced electronic and electromechanical cir-
cuitry, studied as part of other laboratory programs, are now

being considered as test vehicles.

The invesgtigation of the dynamic absorber principle, for im-
proved vibration protection of equipment, culminated in a new design,

which represents the optimum development practical at this time.

The study of random and sinusoidal vibration resulted in the
installation of a tape recording system to permit spectral analysis
of the vibration data. The system can record 21 channels of infor-

mation simultaneously with the use of subcarrier oscillators.

Statistical analysis of data, obtained in low-pressure electrical
discharge experiments, showed possible deviation from Paschen's

Law in the designer's favor.

Work on the lightweight transducer, which is both expendable

and versatile, was brought to completion.

The Materials and Processes Laboratory continued experiments
with various commercially available foamed-in-place plastics.
Thermal transmission data were obtained, and the effects of corro-
siveness on electronic materials were studied. The laboratory
also began studies on microminiaturization and the state-of-the-art

of electronically welded interconnections of electronic circuitry.
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The following report discusses the progress made in the field of components
packaging during the period from 1 January 1959 through 30 June 1959. The
studies were begun under Contract AF 18(600)-1190 and were continued under
Contract AF 04(647)-165. During the past six months, authorization was given
to proceed with the study of components packaging techniques under Contract
AF 04(647)-309.

II. SELECTION OF TEST VEHICLE

According to the Performance Studies Chart of Project Plan’'165-21, the
first task to be accomplished was the selection of Test Vehicle No. 2. STL-
considered products of various manufacturers with regard to the eight criteria
stated in the project plan. For a time, the Motorola AN/DPN-54 Transponder
{Beacon) appeared to fulfill these criteria because it presented interrelated
problems of electrical performance, structural integrity and thermal adequacy.
For example, the microwave portions, used in receiving and transmitting,
created severe environments which offered a challenging study of over-all
reliability. At the same tiine, correction of some of the problems of micro-
wave components involved the study of improved component design, and the
logic and decoding circuitry provided a vehicle for the exploration of fabrication
techniques. Finally, the unit as a whole offered opportunity for exploralior
into all the areas suggested by the prcject plan and pertinent to integration of

packaging study.

However, operational difficulties reduced the effectiveness of this trans-
ponder as a test vehicle. The microwave and modulation components were
expensive and required a long lead time for procurement. The latter fact
interrupted the study of the problems presented by the needed component.
Then, too, the close liaison required for optimum laboratory efficiency would
be expensive and time-consuming because of the distance between STL and
Motorola, Inc. in Phoenix.

Confronted by these difficulties in relationship to the Motorola Beacon,
STL Research and Develcpment personnel began to investigate packaging
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uves for typical clectronic and eleciromechanical circuitry, being developed

under other laboratery progran:s, as possible test vehicles.
II. DYNAMIC ABSORBER INVESTIGATION'

As suggested in the last semiannual report (see Reference 1),the use of a
dynamic absorber seemed to offer the best solution to the problem of controlling
circuit board vibration, which eliminates fatigue failures in leads and joints of
electronic components. For the past six months, experiments with circuit
boards have continued, and a new design for the vibration absorber was adopted
(see Reference 2). This design was chosen after consideration of three types of
absorbers. The first employed a method of sliding mass on a stem, and it was

found that the amount of damping was difficult to contrel, since the damping was

affected by wear on the stem. A second design embedded a mass in sponge rubber.

But it was found that heating reduced the strength of the rubber, causing fatigue
failure. The present design (Figure 1), consisting of thin acrylic tube closed at
both ends, houses two compressed coil springs. These, in turn, are separated
by a steel ball. In addition to the ball and the springs, the tube is partially filled
with a silicone oil. Clearance between the ball and the tube allows the oil to
pass to either side of the ball when the ball is in motion, the cil damging the
motion of the ball. The circuit board with the absorber in place is shown in

Figure 2.

In controlling vibration, it is known that the vibration transmission throv~h
a circuit board from its support to anv given component (say, at the antinode of
the board) may be altered by changing the board material, the board thickness,
or the position and rigidity of the supports. Generally, however, all three of
these changes also affect the vibration resonant frequency at which the maxim-m
vibration Q occurs, without materially affecting the Q. The vibration absorber,
on the other hand, reduces the maximum Q without significantly altering the
resonant frequency. If, for instance, the fundamental resonance frequency of
the circuit board is optimum from the standpoint of component part fragilities,

it may be necessary to reduce Q while holding the resonance frequency the same.

* el . . . .
For additional information on this subject, see Reference 5.
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To demonstrate the effectiveness of the dynamic absorber design, vibra-
tion transmissibility measurements ware made with and without the absorber in
place on a circuit board. The experiments showed that an absorber system
having a mass comparable to that of a subminiature compornent part can very
appreciably reduce the Q of 3 circuit board, and thus provide an improved
vibration environment f{or the bo2rd and mounted parts. The performance
plots based on these expriiments (Figure 3} illustrate graphically a 400 percent

reduction in transmissibility at the expense 5f only 3 percent increase in weight.

With regard to circuit boards, the fundamental frequency in most designs
is between 100 and 300 cps. The lowest resonint frequenciee are the most
severe because displacements are much larger, Displacement increases
inversely with the square of the frequency. Tberefore, if the frequency i
decreased by one-half, dierlacoment is increased by four times. This increases

the tendency to damage the equipment. 1t ix these lower resounant frequencies

that the absorber may be emgplayed to cont>cl. An3 if these tnay be controlled,
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the higher modes are of no particular consequence since the corresponding

deflections become very small.

The dynamic absorber cannot nullify the effects of poor design. Conse-
quently, the abrorber principle must be seen within the larger context of design.
A poorly designed circuit board, for example, may have its fundamental reso-
nance at 50 cps and may have this "tzken out" by the vibration absorber, but it
may still incur damage from the third mode rescnance. However, if the absorber
principle is used in conjunction with good design, e¢vidence indicates improve-
ment of transmissibility measurements at thc higher modes, and, as a result,

less stress on the components.

Project plans to consider the nonlinearity of dampers, suggested in the
last semiannual report, were abandoned. The present systemn, assumed to be
linear, was considered to be sufficient, and the existence of nonlinearity was
believed to be insignificant. Consideration of the nonlinearity oi the spring
could not put the present system much in error. On the other hand, the non-
linearity of the damper would put the system error on the conservative side.

The findings in regard to the absorber are, thereiore, considered compiete.

The obvious application of the dynamic absorber is to circuit boards.
For other types of structures, gyros,or relays, it is of little use. Ready-made
absorbers may be developed covering a given range of ab'sorber mass, natural
frequency, and damping ratio, and, therefore, would be available for circuit
beards and for other electronic assemblies. Where vibration control must be #
supplied to existing hardware, the vibration absorber provides the best
solution. The same is true in situations where altering the patih of tranemission
is undesirable or impractical as, for example, with circuit boards which have
already been tooled for specific needs, However, the absorber offers no
panacea for problems of vibration; the contractor must not rely upon it as a

crutch in lieu of poor.design.
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A betier understanding of the concept of severity equivalence is of great
rmportance to the design and testing of electronic equuprnent as it is used in
ballistic missiles. There exists an obvious difference in the dehavior of a
structure when 1t is subjected to random &nd sinusoidal vibrations. A study
program (see Reference 1) concentrating on this difference is being conducted
by employing typical electronic packages designed for missile installation.

The study consists of 1elating discrete frequency vibrat:ion response to white
Gaussian noise vibration response within the above-mentioned equipment. The
damage potential iz construed from rms acceleration measurements made at

the support of sensitive electronic component parts within a numbper of equip-
ment packages. The results of this study are extpected to demonstrate to what
degree sinuscidal vibration can be substituted for random vibration in flight-
proofing equipment. Based on these projected results, test specifications, as
well as the design of hardware, may be improved. To accomplish the objectives
of the program, a system was required which would simultaneousiy record a
maximum of 21 channels of informotion in a form in which the information could

be manipulated by current data handling devices.

Such a system has been designcd and built at STL during the past six
months (see Figures 4 and 5). This particular system, seiscted on a basis of
cost, is basically an FM telemetering setup. It will record any vibrational
signals within the frequency range of 1 to 2100 cps with an amgliiude accuracy
of 5 percent. The linearity error at a discrete frequency is only 2 percent,

Tne lower frequency limitation is imposed by the cathode follower amplifiers
and their associated accelerometers. The upper frequency is :mposed by the
voliage-controlled oscillators and by the discriminators' low-pass filters. The
system can operate within 1 hour. including a warm-up period of 40 minutes.
Alsgo, a manual of operation for the system, which should facilitate the solving

of maintenance problems, has been developed.

In preparation for definitive tests, exploratory measurements were made

on 8 test specimen. These measurements consist of (& readings {Figure 6} for
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various internal package locations (Figure 7). After these measurements, the
specimen was subjected tu the following vibration environments, each of which

simulated environmental specifications now in use for ballistic missiles:

a) A single frequency sweep for three amplitude levels

b) A white Gaussian noise for three amplitude levels.

During the specimen's encounter with these different environments, all

monitoring locations within the package were simultaneously recorded.
V. LOW-PRESSURE ELECTRICAL DISCHARGE

Studies of the problem of high voltage arcing with uninsulated wiring at
high altitudes were initiated. As reported in the last semiannual report, a
literature survey (Reference 3) led to the recommendation that 200 volts be
considered as the safe maximum voltage for bare conductors. This recom-
mendation was based on the fact that the cathode fall potential of lead (a con-
stituent of solder) is 207 volts. This being the lowest voltage at which a
discharge utilizing a lead cathode could be sustained, the voltage at which the
discharge would be initiated would then be somewhat higher. The cathode fall
potential of lead is the lowest for all materials commonly used in missile

applications.

The literature survey also determined the direction of the experimental

stage of investigation. The objectives of the laboratory research were to:

a) Determine if statistically significant deviations from Paschen's Law

could be detected by properly designed test

b) Find if such deviations would reduce the voltage necessary for
producing electrical discharges, thus invalidating the predictions
of Paschen's Law

c) Ascertain the effect of humidity upon the voltage necessary to initiate

an electrical discharge

dj Determine the effect of surrounding conductors upon the path of the

discharge.
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Paschen's Law states that the sparking voltage for a uniform electric field

» . . P =
1S, within certain limatationg, 2 functicon only of the produc ihe gas pressure

and gap distance, or Vs = F(pd). Paschen's Law is based on the sparking

od

criterion first postulated by Townsend. This criterion is that ye =1 for an

electrical discharge to be initiated, where:

y = average quantity of electrons emittec from the cathode for
each positive ion bombarding the cathode

a = the number of new pairs of ions formed by collision per umt
distance of travel by an existing {ree electron

d = the distance between electrodes.

Now Paschen's Law is postulated on a uniform electric field, which can
be produced only by infinite, parallel-plane conducting surfaces. Stainless
steel electrodes in the shape of Rogowski surfaces simulate this condition by
producing a uniform electric field in the central region between electrodes,
edge effects being minimized by the curvature of the electrodes. By use of
the Rogowski surface electrodes, data were gathered for both the right and
left branches of the sparking voltage curve (Figure 8). Sparking voltages

were observed at various combinations of pressures and gap distances.

Paschen's Law may be stated in a more general form: Vs = F (pmdn).

This may in turn be written pmdn = G(Vs). Then, holding Vs constant,

we may write

mlogp + nlogd = K,

where

K = log G(Vs) = a constant.
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If m and n are constants, this is an equation of a straight line. Solving

for log p, we find the slope of the straight line to be -n/m:

- n K

legp = —;logd t o
This is illustrated in Figure 9, in which log p is plotted as a function of log d.
If Paschen's Law holds, n should equal m, and the resulting curve should be a

straight line with a slope equal to -1. If deviations occur, the slope is not
equal to -1,

Solving for log p, Paschen's Law may be checked statistically, The
following null hypothesis and its alternative are stated:

b4 Y e
HO . A 1

. —— -t
Hl : # 1
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The dotted linc representc the straight line
predicied by Paschen’s Liw,; he solid curve
was compuled from a sample of actua: data,
using the method of lzast squaras.
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If the absostute value of n/m 1s greater than 1, tnhe deviation from
Paschen's Laa will be in the des:gners’ favor That s, a greater voltage wall
be required to cause spirk-over than that predicted by Paschen'c Law.
Preliminary analysis of tome sampie datz indicates that this may be the case.
A curve statistically firted (¢ this sampling of (esy lata, and 2 strarght line of
slope equal to -1 are both plotted :n Figure 9. The general slope of rus curve
is greater than that of the straight line prcd:icted by Pasclen's Law. However

later anaiysis of the total test data mav not show this deviation.

Many variables must be accounted for in Applving Paschen's Law, for

example:

a) Composition of gas

b) Surface material of the electrodes

c) Cecnd:ition of the surfaces

d) Geometry of the electrodes and eiectric field
e} Polarity of the applied voltage

f)  Temperature of the electrodes

g) Irradiation of the elecirodes by ions or photons.

Most of these variables are accounted for i the previous ecquations by the
Townsend symbeols & and y, ana ail affect the problem of voltage spark-over.
For this reason, electrocdes of va.ious shapes and materials were uscd during
experiments. KRogowsk: surfaces, already <:¢cussed, ani seen 1a Fagure [C.
made of stainless stcel; pointec elecirodes. aleu of scainles: steel, Figure 11

h

bt

and for the lons eap d.5.harse chamber, tplerica ~sg electrndes.
oo e 4

~

At atmosaheric pressures, electrical breakcdow= tends to oacur inave
read:ly between sharp eclectrodes tharn between bdlunt e.estrodes. However.
experiments at lew pressures showved that a greater potential difference was

~

necessary to establish & discharze between pointed electrodes than between

Rogowsk: surfsces.

Us:ng the Rogowsk: surface electroces, no major effect due to changing

of polarity was noted.
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Data were obtained to determ:ne the ~ffect of water vaper on the sparking
voltage. It was determined that the mimimum of the sparking volitage curve was
decreased for humid air  The minimum sparking voltage was raoduced {from

385 volts to 335 volts because n the addition of water vapor.

These findings agreed with those published earlier 1n both Europe and
Americi, where experiments were performed in areas with relatively high
humaditv in whick the tunin.um vol age was found to be about 327 volts, It
s ems wean ‘ely es.abiished, then, that a variaticn in the number of water

:0ns :n a gas appreciably alters the rminimum spark-over voltage.

The long gap discharge e.perizaent (ser Figures 17 and 2] utilizea two
elecirodes :nside a conducting shell, simulating bare cunductors inside any
conduciing caclosure, such as a ball:stic missile. The purpose of this
experimen: was to dermsonstrate that, as predicied by Paschen's Law,
e.estrical discharges may sometimes be initiated across a leng rather than
a short gap. even when both are available. As expected, the long gap was
preferred at lower, and the shert gap at higher préessures. At iniermediate

pressuses, the gap chosen by the discharge wes not predictable. Tne p

"¢

-

ceanure :nvolved 1n th's #vprr:ment 1s detailes in Referenvce 4.
V1. LIGHTWEIGHT TRANSDUCEZR

Because of the intense vibraticn accelevations to which m:ssile clectronic
equipment may be supj=cted during imitial flignt, cons:derabic emphasis must
be placed on attaining 1 competent structural design wuich will snhance com-
ponent and/or circuit reliability. Knowledge gained from acceleration
measurenients, performed within an assembled package, are therefore
essential 1o describe the vibrational environment encountered y mounted

components.

To determ:ne areas where undes:rable dynamic behavior exists in
eiectronic packages, an accelerometer can bte used for monituring. The
number of desirable monitoring posit:ons varies cons:derably, drpending on
the size and complexity of the contained clectironit circuitry. As electronmc

equpment pecomes miniaturized, we:ght, size znd shape of an 2ccelerometer

[ 4 Q | [ T
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I
c.

bzcome <«ritical when {lexability of selecting mon:toring positions is deésar
In certa:n applicaticns, the weight of the accelerumeter becomes an apprec:iable
part of the weight of the item under exam:nat:on, which consequently invalidates

the test data.,

Once suificient dynamic behavior data have beern acquired, 1t would be
preferable to allow the accelerometer to rema:n :n the equ:pment, thus eliru-
nating the timie and expensc involved in disassembly, reassembly, and retesting
of the equipnient when reclaiming the measuring device from "hard to get at”
locations. To permat this, there 1s a definite need for a small, expendable,
lightwsight vibration transducer which may be used for exploratory probing.

As reported in the last semiannual report, accelerometers presently available

on the commercial market are too expens:ve for use as a "throw-away" item.

To develop a lightwe:ight transducer which would overcome and satisfy the
above lim.tations and requirements, experiments were conducted using the
cantilever beam construction with the hope of obta:ning a usable item. Results
attained at this point were acceptable within limits. but two problems persisted

at the timec of the last sem:annual report: distort:on and frequency respcnse.

By using a filter between the transducer and the recording meter, it was
felt that the alleviation of the aforementioned difficulties was possible. Con-
sidering the low 1 "equencies :nvolved. an RC filter was built. This filter was

designed with the following attenuation characteristics:

Frequency of normalization: 30 cps 0% attenuation
1060 cps 20% attenuation
2000 cps 50% attenuation

Information derived from various tests on transducers discussed in the last
semiannual report was used to arr:ve at the necessary attenuation. An ampli-
fier was inserted between the fiiter and the metering equipment. The cathode
follower acts as a buffer stage for the transducer output. A block diagram of
this arrangement 1s shown in Figure !4. Figure 15 represents the calculated
action of the filter and the compensated response when used i1n conjunction wath

a transducer.
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Figure 14. Block Diagram of Compensated Response Network.
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Figure 15. Graph Shewing Calculated Action of Filter and Compensated

Response When Used in Conjunction With Transducer.
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iransducer design has a response starting at a perticular value

~

at 30 cps and increases to approximately twic: that value at 2000 cps. The

w

filter action 1s shown as having a frequency response :n opposition to that of the
transducer frequency response. When the transducer output is filtered, the
compensated response output results. Note that the graph has linear fre uency
graduations. This was done to observe this portion of the frequency range in
greater detail.

During this report period, higher priority projects made 1t necessary to
discontinue using the MB vibration table as the driving exciter. A small
Calydine vibration table (Figure 16) was subsutut:d. Because of the construc-
tion of the Calydine table, mechanical resonances occurred between 200 and
6C0 cps, invalidating the data over this frequency range. Small resonances
occurred at other frequencies, which accounts for the rapid variation that may
be seen in the data obtained from this shaker. To ensure that the information
recorded was obtained at frequencies of minimum distortion, two commercial
accelerometers were placed on either side of the test transducer, as shown in
Figure 17, to indicate resonances which were cccurring in the supporting
structure of the armature. These data were used to indicate favorability of
approach only. For final data, a precis:ion Goodman instrument shaker was
used, utilizing a seccndary standard Endevco accelerometer as a monitoring

device for the input excitation.

As shown in Figures 18 through 22. results from the compensated response
network show that the anticipated output and the actual test data compare
favorably. In Figure 18, the compensated output shows a variation of from
0.8 to 1.8 db, even though the transducer response :ncreased above +4 db.
Figures 19, 20, and 2] show the compensated response variation to be low,

while Figure 22 shows it as varying frem -1.8 to +1.8 db.

There were, however, disadvantages with the filter in that it did not
sufficiently reduce resonant distortion, and did not vary in characteristics,
which are necessary in order to cbtain a constant respcnse between transducers.

A variable {filter can be easily made, but must be calibrated with a particular

transducer. Consequently, then, this approach did not fulfill expectations.
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Figure 19. Transducer Response No. 2.
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Figure 20. Transducer Response No. 3.

TRANSDUCER RESPONSE

INSTRUMENT SHAKER

2 t —-—-DAMPED RESPONSE USING /

GAIN (D8B)

(o] 500 {000 1500 2000
FREQUENCY (CPS)

1478

Figure 21. Transducer Response No. 4.

Il COMPENSATED RESPONSE l
~— — DAMPED RESPONSE ~/\/ }
V4




TR«59-0600-00704
Page 26

4 — et
——— TRENSDUCER RESPOMSE 1 ,f\ /
7 [-=-~ CCMPENSATED RESPONSE i ﬂ =
p L—-—-DAMPED SESPONSE USING | ;
INSTRUMENT SHAKER _J / l
& i .__T - i )
e 4 L .—-“‘"., !
E '\ l, h al“‘.‘- 6.‘ \ - :
g EES e I A
A 1
i 3} R S ~ — —_—
\ \:/ \--"\\ /
- | } el "
_J i i
500 1000 1500 2000

FREQUENCY (CPS)

t4Te
Figure 22. Transducer Responsa No. Z.

Sirce the best results in reducing the disteriion had cccurzed witk the
transducer using the silicone fluid as a damping agent (this design is discuesed
in the preceding semiannual report), it was decided to foilow a sitmlar zpgroach,
The silicone fluid was replaced by small neoprene blocks (Figure 23) which were
located at the free end of the crystal. The output duriug vibration was again
reduced . animpractical extreme. These two insertions were then moved to
approximately the center of the crystal, as can be seen in the same figure,
Although the distortion caused by subharmonics of the mechanical resonant
freguency was not completely eliminated, it was reduced to an acceptable level,
With respect to the frequency 1esponse, the variation was less than 22db. Even
though the z:dition of the damping material caused a decrease from the original
output which was in the neighberhcod of 19 tc 14 mv/g, the se1sitivity of the
final assembly remained above 4 mv,’g at the normalizirg frequency. Compari-
son of resulis bet'veen the 2g and 4g l2vel inputs ingicates that the linearity
in the cutpul i8 well within the tolerable %10 pgercsnt Lirnits., In ma iy Ipstances
the linearity ceviation is less than & percent. With this particwiar design, all ol

the originally intended specificcations had baen achieved.
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F:pure Tra=nsducer Without Neoprene

Yaterial (a) and Transducers
W:th Neoprene Blocks (b and c).

fo sunstantiate the resmt wbtuined from this first traasducer with neoprene
iusertions, daii were obrained from three other transducers which had
previcusly been {abriclited for the compensated response test. By simply
inserting the neoprene tlecks in place, these umits were ready for testing.
Daiz obtained frorn these three transducers were plotted on the same respective
graphs as the date vhich had been cbtained when using the filter network (see
Figures 19, 20, and 21}, This allows a better comparison of the normal output,
the compedsated re¢sponse, ard the necprene damped output. As seen in the
curves, the {rsguency response variation remained within %] db over the fre-
quency range which was used for testing on the Calvd:ne table, This was more
of an improvement thun had been anticipated. To support this evidence, and to
cbtain data in the frequency range for which the Calydine table was not acecept-
able, one of the transducers was placed on a precis:on Goodmar irnsfrument
shaker., The shaker cutp»t was monitored w2th a secondary standard te confirm
the acceptability of transducer vibration input. These data 27Te plotted 1n
Figure 21 along with data received from three previous tests performed on the

same transducer. As seen in the graph, the frequency response 15 mere than

satisfactory for the intended purpcse., When using the Goodman <aiisration

L3
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shaker as the driving source, observations of the transducer output waveform
on an oscrllgscepe revealed only & slight disturtion. Also tested on this instru-

ment table was the transducer having the highest variation 1in upper irequency
response. When testing the normal response of this iransducer, a 6-db gain
over the response at the normalizing fregquency resulted at 2000 cps. Even with
a risc in response this great, the neoprene inserticns reduced the output o a
+1.5db gain at 2000 ¢cps, which 13 within the tolerable limits The data from this
last transducer were plotied with the data obtained fron. the transducer using the
filter method (Figure 22). As mentioned before, the rapid variations obtained
on the Calydine tabie were caused by input distorfaion. The curve labeled "com-
pensated response" remained within the tolerable limits, but distortion was not

sufficiently reduced.

This tinxl transcducer design meets the original requirements of the light-
weight transducer. It s exiremely lightweight {(approximately 0. 35 gram}, and
can be quickly and easily secured in place using an adhesive cement such as
Eastman No. 910. Alsc, this design has a ensitivity cf at least 4 mv/g, which
may possibly De increased. Linearity 1s well within 10 percent and might. under
uniform fabrication mcthods, approach a figure of less than 3 percent. The size
of the unit 2llows dynamic measurements 1n locations previously prohibited by
larger commercial accelerometers. A repeatable {requency response reramring
within 1.5 db can be achieved w:th this transducer. Economically, it :s exgend-
able; the barium titanate crystals cost only $1.00 each, and the housing can be
made by a punching process for even less. Though these transcucers are {ragile
with ruspect to lead and crystal damage, sufficient precaution can re~duce the

breakage to a neglhigible amonnt.

Since the requirements of this project have been accamplished, added t:me
and expunse to further improve the lightweight transducer were not justified. It
1s felt, however, tnat varying the type of material of the insertion, and shafting
its location with respect to the astive element, would result in a low-cost. hght-
weight, expendable trassducer that could be used 1n many vibration monatoring

applications where the above features with reasonable response are desirable,

and where precision accuracy 15 not essential.
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V1. FOAMED-IN-PLACE PROGRAM

Recognizing the importance of the development of new materials to progress
in design techniques, the Materials and Processes Laboratory has continued with

its investigation of a pumber of commercially available foamed-in-place materials,

The materials are as follows:

a) Nopco Lockizam A210

b) Nopco Lockfoam F304

c) Nopco l.ockfoam BH6!0

d) American Latex Stafoam 310

e) American Latex Stafoam 410

f) Emerson and Cuming Eccofoam FP/12-6

2) Minnesota Mining and Manufacturing Scotchcast <03

h} Chase Nafil AR~-10.

The purpose of experiments with these materials was primarily to determine
their maximuin recactive exothermic temperatures, and to study the corrosive

effects of the foam systems on electronic equipment,

A. Temperature

In regard to the first concern of investigation, it was found that, except
for American Latex Stafoam 310, the exothermic reaction in volumes of 16 cubic
inches and smaller is below the maximum allowable operating temperature for

thermally sensitive semiconductors in all the foam systems.

Nopco Lockfoam BH610 and Minnesota Mining angd Manufacturing
Scotchcast 603 (formerly Minneapolis-Honeywell Sealfoam 603) build up to a
temperature close to maximum operating temperatures, yet remain well below
the maximum allowable storage temperature. In the 32-cubic-inch volume
reaction, Nopco Lockfoam BH610 exhibits a very high temperature build -up,
while the temperature attained by Nopco Lockfoam A210, American Latex
Stafoam 310, Stafoam 410, and Minnesota Mining and Manufacturing Scotchcast
603 vemains above the maximum allowable for semiconductors. However, of
the materials tested, only one reagts with a temperature low enough to be useful
as a foamed-in-place packaging material for semiconductors. This judgment is
based on an 88°C maximum allowable temperature and a 48-cubic-inch foam

volume.
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This last fact 1s of considerable :mportance. since the exothermic
reaction temperatures increase as the volurne increases. Thus, componentg
packaged in volumes over 48 cubic :nzhes must be carefully examined. For
example, 64 cubic inches of Nopco Lockinam BH610 produced approximately

180°C at the center of the foaming mass.

B. Thermal Transmission

Thermal transmass.on data have heen obta:red on the foams mentioned

abhove. Conclusions reached are as follows:

1)  Thcugh Chase Chemical Nafil AR-10 was a satisfactory thermal
wsulator, Nopro Lockfoam BH610 and American Latex Stafoam

310 were found to be better.

2)  Where thermal conductivity is of primary importance,
Emerson and Cuming Eccofoam FP/12-6 is best, followed
Ey Mianesota Mining and Manufacturing Scotchcast 603 and
Nopco Lockfoam A210.

A{ the present time, several other projects are under way. For
example, samples are currently being prepared from each of the foam
svstems for use in compression deflection, heat distortion, and heat resistance

tests to he performed at 150°, 200°, and 250°F.

C. Ccrresiveness

The Mazter:als arnd Processes Laboratory also performed an investiga-
t:on of the z2ffects of corrosiveness on electronic materials., As was detailed
in the last semiannual repcrt, the test assemblies consist of electronic
mater:als embedded in I by 2 by 2-inch blocks of foam and exposed for a

period of 90 days to the following environments:

1) Room temperature. uncontrclled humidity, and 100 percent

relative humidity

2}  130°F, uncontrolled humadity, and 100 percen? relative humidity

3} IR5’F, uncontrolled humidity, and 100 percent relative hu aidity.
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Tests have been completed on all the foams under study. Though
slight tarnishing of metal parts and yellowing of foam was secen or assemblies
exposed to elevated temperatures, there was no evidence of corrosion on
electronic circuit materials by any of the foams in dry (uncontrolled humidity)

condition,

Finally, it was found that assemblies exposed to high relative humidity
were most affected at a temperature of 185*F. Metal parts were pitted, and
the foams were black and shrunken. However, at temperatures of 130°F, and
room ambient with 100 percent relative humidity, only slight pitting of metal

parts and yellowing of foam were observed.

VIiIl. MICROMINIATURIZATION

At the present time, the study of microminiaturization is in the incipient
stages. Work has begun, however, with the immediate goal of determining the
state-of-the-art. A questionnaire, requesting information.concerning the nature
and magnitude of development in microminiaturization, was sent from STL to
55 organizations. Of these, 35 have been returned, 2nd they reveal that a great

deal of work is under way in the field.

The organizations which returned questionnaires have all invited repre-
sentatives from STL to visit their laboratories and review their work. A trip
to the principal centers of activity to gather technical data and to determine
the applicability of the art to future missile development is now being planned. .
At the same time, considerable technical information has already been received

and is now being reviewed.
1X. WELDED WIRE CONNECTIONS IN ELEC TRONIC ASSEMBLIES

Sema of the contractors for the ballistic missile program have proposed
the use of welded wire connections in electronic assemblies. For years, in the
vacuum tube manufacturing industry, this technique was used to great advantage,

Its use in electronics assembly is, however, a new application.

Field trips to various manufacturers have been made by members of the

Mate:rials and Processes Laboratory to determine the state-of-the-art on the
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welded joint method. To date. findings have been promising. Among the

advantages cited a5 being offered by the mgthod are:

a)
b)
)
d)

High component densities
Miniaturization
Weight savings

Improved reliability.

It is planned to make a study of the currently available welding machines

to determine which machines could be used for a study program at STL. Such

a study would entail operating parameter determinations, machine limitations,

and prototype fabrication. Animportant element of the study would be to

determine the umiformity and the degree of attainable reliability of the welds

when this method is used to interconnect components in electric equipment.

X. REFERENCES AND BIBLIOGRAPHY

1.

"Semiannual Report on Components Packaging Techniques, "
GM-TR-0165-00554 December 1958.

Spence, H., and J. Winters. "Application of the Vibration Absorber

Principle of the Protection of Airborne Electronic Equipment, "
TR-59-0000-00683, 22 May 1959.

Reed, A. C., "Literature Survey; Low Pressure Electrical
Discharges, " GM40. 2-238, 19 September 1958.

Reed, A.C., "Low Pressure Electrical Discharges; Final Test;
Procedures, " GM40. 2-310, 3 November 1958.

Spence, H., "The Placement of Resonance Frequencies in Airborne
Electronic Equipment Package Structure: Part l. Sinusoidal
Vibration Excitation, " GM40. 2-380, 15 October 1958.




TR-59-0000-00704

Page 33

DISTRIBUTION
J. A. Aseltine R. F. Mettler
G. D. Bagley S.C. Morrison
G. Beck (3) R. E. Moulton
R. C. Booton R. B. Muchmore
R. Bremberg G. E. Mueller
F. M. Brown J. E. Peterson
R. Burgin 1. Pfeffer
J. R. Burnett D. N. Pitts
M. U. Clauser E.C. Rea
W. L. Chewning F.J. Rhodes
N. G. Christensen E.J. Robb
R.D. Delauer A. Rosenbloom
A. F. Donovan W. T. Russell
R. B. Dreizler H. A. Samulon
L.G. Dunn R. Slaney
E. M. Foley J. A. Smith
D. Forbes (22 plus 1 reproducibie copy)* L. Snodgrass
G.J. Gleghorn G. E. Solomon
A. B. Graybill J.D. Sorrels
G. A, Harter F.C. Thurston {2)
J. Heilfron D.T. Wallace
¥. W. Hesse R. L. Walquist
P. V. Horton W.J. Wellens
L. K. Jensen A.D. Wheelon
F. H. Kaufman D. R. White
F.P. Klein R. K. Whitford
T. W. Layton H.Y. Wong
L. K. Lee (5) H.C. Yost
H. Low R. Zacharias
J. Marymor STL Library (2) i

x
Includes 21 copies plus ] reproducible copy for transmattal to the Air Force.




