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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 investigation 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-aUl

reliability. At the same time, 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 exploration

into all the areas suggested by the project 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 Development personnel began to investigate packaging
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...h.i.....fr typical .lecronic and electromechanicai circuitry, being developed

under other laboratory programs, as possible test vehicles.

III. 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 control, 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 oil damping the

motion of the ball. The circuit board with the absorber in place is shown in

Figure 2.

hi controlling vibration, it is known that the vibration transmission throz,-h

a circuit board from its support to any 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 maxirr-irn

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.

*For additional information on this subject, see Reference 5.

1 I II III IIV ý7
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Figure i. Vibration Absorber System.
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F-,g-.re 2. Circuit Board With Vibration Absorber
Attached.
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NORMALIZED FORCING FREQUENCY, g *as

Figure 3. Transmissibility Versus Normalized
Forcing Frequency Plot for Circuit
Board With and Without Absorber
System.

To demonstrate the effectiveness of the dynamic absorber design, vibra-

tion transmissibility measurements were 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 component part can very

appreciably reduce the Q of a circuit board, and thus provide an improved

vibration environment for the board and mounted parts. The performance

plots based on these expc'iiments (Fig-are 3) illustrate graphically a 400 percent

reduction in transmissibility at the experse Df 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 resormnt frequenc.ee are the inost

severe because displacements are much larger. Digplacement increases

inversely with the square of the frequency. Therefore, 3.f the frequency in

decreased by one-half, diei-.aeseent is increased by four times. This increases

the tendency to damage the equipmeut. It in these lower resotant irvquaenciev

that the absorber may be emt-loye4 to con'.-cl. Ani if these inay be controfled,

I • • "1 . ..... . . I
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the higher modes are of no particular con&equence since tho corresponding

deflections become very smiL.

The dynamic absorber can-not nullify the effects of poor design. Conse-

quently, the absorber 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 "taken out" by the vibration absorber, but it

may still incur damage from the third mode resonance. However, if the absorber

principle is used in conjunction with good design, evidence 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 system, assumed to be

linear, was considered to be sufficient, and the existence of nonzlinearity was

believed to be insignificant. Consideration of the nonlinearity of 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, therefore, 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 absorber mass, natural

frequency, and damping ratio, and, therefore, would be available for circuit

boards 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 path of transmission

in 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 -nust not rely upon it as a

crutch in lieu of poor.design.



4 UTP--00000-00704
5 Pago- 6

IV RA, 1 1,,,, JArS SI7C US'iDAL ViBRATION

A better understanding of the concept of severity equivalence is of great

importance to the design and testing of electronic eqtuprnent as it is used in

ign. ballistic missiles. There exists an obvious difference in the behavior of a
structure when it is subjected to random and sinusoidal vibrations. A study

it program (see Reference 1) concentrating on this difference is being conducted

Drber by employing typical electronic packages designed for missile installation.

The study consists of ielating discrete frequency vibration response to white

Gaussian noise vibration response within the above-mentioned equipment. The

damage potential is construed from rms acceleration measurements made at

the support of sensitive electronic component parts within a numoer of equip-

ment packages. The results of this study are expected to demonstrate to what

degree sinusoidal 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 simultaneously record a

maximum of 21 channels of inform:,tion in a form in which the information could

be manipulated by current data handling devices.

Such a system has been designed and built at STL during the past sixde
months (see Figures 4 and 5). This particular system, se.&i-e,- on a basis of

cost, is basically an FM telemetering setup. It will record any vibrational

signals within the frequency range of I to 2100 cps with an anpltude accuracy

of 5 percent. The linearity error at a discrete frequency is only 2 percent.

The lower irequency !imitation is imposed by the cathode follower amplifiers
on

and their associated accelerometers. The upper frequency is imposed by the

voiLage-controlled oscillators and by the discriminators' low-pass filters. The

system, can operate within I hour. including a warm-up period of 40 minutes.

Also, 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 a 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 cc~uld 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

d) Determine the effect of surrounding conductors upon the path of the

discharge.
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,asciien Lidw states that the sparking voltage for a uniform electric field
is; wAithin rpt' ni'a n lirnit tl n = ", ,÷ .- ^-I. -€ I• . .. .. .¢

na functi ,y of th, product, of the gas pressure

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

criterion first postulated by Townsend. This criterion is that -yE a- I 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 unit

distance of travel by an existing free 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: V = F (pm d ).
5mdn

This may in turn be written p d = G(V 5 ). Then, holding Vs constant,

we may write

m log p + n log d = K,

where

K = log G(V ) = a constant.

J II I II II '• S
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Figure 8. Breakdown Voltage Curve in Dry Air Using
Stainless Steel Electrodes Obtained in STL
Laboratory.

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/rn:

log p = -n- log d + K
rI* m

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:

H
1 m

MZ: /-
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Figure 9. Regr-eiion Analysis for Log d Ve'rsu# Log p.

"The dotted luc representc the straight line
predicted by Pa,:hen15 "%;,; -he solid curve
was cornpuled from a sample of actuai data,
using the method of 12ast squxr.,x.



TR- 59-0000-00704
04 Page 15

if the absoAute val.ue of n/m is greater than 1; the dria-a.en frr'

Paschen's Law wll be in the des-gners' favor That is, a greater volt-age will

be requireG to ca•,se spirk-ovt-r than that predicted by Paschen'• Law.

Pre•iminary analysis of tome _sample datr indicates that thi5 may be the case.

A curve statistical),, f.tted ic. Zh-s sampling tf Zt:sk .Aata, ai-d a stri,,ht lire of

slope equal to -I are bo'h plotted in Figure 9. The gener3l slope of thiv cuive

is greater Than that of tho straight line prcd':_ted` by Pasc),en's Law. However

later analysis of the total test data niav not show this deviation.

Many variables must be accounted for ;n 1ppling Paschcn'; La%,, for

example:

a) Composition of gas

b) Surface material of the electrodes

c) Condition of the surfaces

d) Geornetry of the electrodes and electric field

e) Polarity of the applied voltage

fA Temperature of the electrodes

g) Irradiation of the elect.rodes by ions or photons.

Most of these variables are accounted for in. the prev:ous equations by the

Townsend syrnbols a and ,, and, all affect the problem of voltage spark-over.

For this reason, electrodes of various shapes and .- act:'iais were used during

exper'iments. Rogowrski surfaces, already ;:,c.ssed, an- seen in Figure IM.

made of stainless steel; pointed electrodes. als, of saainlest stcel, Figure 11;

and for the long gap d,:,,harie chamber. -pL.z~racal bx"ss electrodes.

At atmorspl-er-,c ressu'es, electr:cal treakdcw-\ tends to occur lno,ýe

read:iy betw,.-een sharp electrodes than be:-ween blunt e..e-t-odes. HO-,.'eve:.

exper:ments at l,.c, pressures shov.ed that a greater potentia! daIferzn:e waz

necessary to establish a d:schar;e between po:nted electrodes than between

Rogowsk- surfaces.

Usang the Rogomsk. surface electrodes, no major effect due to changing

of polarity was noted.
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Figure 10. Rogcwski Sur-faces.
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Figure 11. Pointed Electrodes.
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'age 16 Data were obtained to determine the o-ffect of wvater v'a~ cr on the sparki nig

voliage. It %%as determ,.ned that the .mirnmum of the sparlking voltage curve was

dec-eased for humid air The minmmumn sparking voltage was re~duced from

385 volts to 3351 volts because rc.L the addition of watez vapor.

Thes'e fitidings agreed-1 with !nose published earlier in both Europe and

Arneric.;, where exr.~rimeiits %,.ere performed in areas with relatively high

humnidity in wlhicl, the -riin-n.urr, '.'olage was found to be about 3"27 volts. It

s ems .. eain *ely es~atK~ishvx, +then, that a variantc~i in the number o~f wate-:

tons ,n a gas apprec,.ably alters the -nimnr-aum spark-over voltage.

T~he lono gap discharge e.:peri: )en (sec F:gures 12' anc: 1 u!`i,,z,6tw

electrodes rsdea conducting shell, sarnaliat:no b.are CLunductors -,Side any

conduc-.in- e~iclosare, such as a iallastic rnssile. The purpose of this

eeý:triacal discharges may sornetimes be mnitated across a l(.ncg rather than

a short gap. even whvien býoth are ava,.Jable. As expected, th~e long gap was

preferred at l;.eand the shcrt gatp at higher pr,ýssure:3. At :nzermnediate

pressurces, the gal. chosen by the discharge wi -iot pre-dictable. 'ihe p~ro-

cealire zn'olved in th'c -_:yPLr~rnrent :s tletaile-' in Referen,-e 4.

essentialn 

woadscrib thernonra 
tion 

as env 
ron e n: 

b 

encouhered 

by m unte
Touip entemayne areaswhtere durndenna lahcosdrablednricbhvr empasis i ~nit

bectoi plackd3natt-ges an accelroetentsructual deusedn f monituri-ehnc. The -

nmbesreof ens, prab rme monitcr~nagnoat~rss -res pckageabaye therefore o

tessenial andscrplexiy the cirtontal nedvIronment eciruntery. As elunetoi

elupernic pecomgesmnau~ew gt.sz.zdsaeo an accelerometercabeudfomnirngTh
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become ;.r,.tical when flexibility of el',:c!2ng munr''•'r,'g pc;s;t;ons is desired.

In certamn applications, the weight of the accelerumeter becomes an appreci=,%,

part of the weight of the item under exarnnatzun, wh%.ch consequently invalidates

the test data.

Once sufffac:ent dynamic behavior data have beer. acquired, at would be

preferable to allo-v the accelerometer to remain :n the equzpment, thus elmia-

natang the timhe and expense •nvoived in dsassemblv, reassembly, and retesting

of the equipment when reclaiming the measuri.ng device from "hard to get at"

locat-ons. To permit th:s, there is a definite need for a small, expendable,

lghtwtight vabration transducer which may be used for exploratory probing.

As reported in the last semaannual report, accelerometers presently available

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

To develop a l2ghtweaght transducer which would overcome and satisfy the

above lim.ata'•ons and requirements, experiments were conducted using the

cantilever beam construction %ath the hope of obta~nng a usable item. Results

attained at this po,.nt were acceptable w:th:n lim•ts. but two problems persisted

at the time of the last sem-nannual report: distort;.)n and frequency response.

By using a filter bet'.keen the transducer and the recording meter, it was

felt that the alleviation of the aforementioned dafficultacs was possible. Con-

siderang 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

1000 cps _0% attenuation

"000 cps 50% attenuation

Information derived from various tests on transducers discussed in the last

semiannual report -,was used to arrave at the necessary attenuation. An ampli-

fier was inserted between the faiter and the metering equipment. The cathode

follower acts as a buffer stage for the transducer output. A block diagram of

this arrangement is shown in Figure 14. Figure 15 reprezents the calculated

action of the filter and the compensated response when used in conjunction with

a transducer.
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TRANSDUCER CAHOL DER RC FILTER
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Figure 14. Block Diagram of Compensated Response Network.

2.0 r
TRANSDUCER

REEPONSE
1.5 RESPONSE RE SEz .r -• --

1 1.0-

0.5 - FILTER

ATTENUATION
0 I I 1

0 500 1000 1500 2000
FREQUENCY (CPS) 1472

Figure 15. Graph Showing Calculated Action of Filter and Compensated
Response When Used in Conjunction With Transducer.
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Thse latest tranuducer design has a response starting at a particular value

at 30 cDs and increa ,,, to , ,pprox, atcly ',-ic ,that Naiuc ai 2000 cps. The

filter action is 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 aency

graduations. This was done to observe !his portion of the frequency range in

greater Ade ta l.

During this report period, higher priority projects made it necessary to

discontinue using the MB vibration table as the driving exciter. A small

Calydine vibration table (Figure 16) was substitut; d. Because of the construc-

tion of the Calydine table, mechanical resonances occurred between 200 and

600 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 min:mum distortion, two commercial

accelerometers were placed on either side of the test transducer, as shown in

Figure 17, to :ndicate resonances which were occurring in the supporting

structure of the armature. These data were used to indicate favorability of

approach only. For final data, a precision 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 cormpensated 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 21 show the compensated response variation to be low,

while Figure 22 shows it as varying from - 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 obtain 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.

_. ..__. .. .. .I__...._-_" ---__-__'_• • -
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Figure 17. Calydine Table With Transducer Between Two Accelerometers.
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Figure 18. Transducer Response No. 1.
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Figure 19. Transducer Response No. 2.
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Figure 20. Transducer Respons~e No. 4.
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Figure 22. Transducer Respornsi No. 5.

Since the best results in reducing the distortion had occur--ed with the

transducer using the silicone fluid as a damping agent (this design is discusaed

in the preceding semiannual report), it was decided to follow a si~nxlar 2.piroach.

The silicone fluid was replaced by small neoprene blocks (Figure 23) whicb were

located at the free end of the crystal. rhe output duri~ig vibration was again

reduced . an impractical extreme. These two insertions were then moved to

appz-oxirnately the center of the crystal, as can be seen in the same figure.

Although the distortion caused by subharmonics of the mechanical resonant

frequency was not completely el-m'nated, it was reduced to an acceptable level.

With respect to th: frequency zesponse, the variation was less than *Zdb. Even

though the z.idition of the damping material caused a decrease from the original

out-put .'hich waG in the neighborhood of 10 to 14 rnv/g, the se'-sitivity of the

final assembly remaintd above 4 mv;g at the normalizi`rg frequency. Compnari-

son of resuits betwveen the Zg and 4g level inputs indiicates that the linearity

in the oiutput is well within the tolerable *10 percent Lriit8. 1n Mn-1 IV ;Ostances

the linearity deviation is less than ' percent.. With this particular design, all of

the originally intended specifications had heen .chieved.
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II

F-'•]re•3Tra-3.ducer Without Neoprene
I.Teria'd (a) and Transducers
W; th NIeoprene Blocks (b and c).

1o su .. aa.tiate the result .,btuineJ from this first transducer with neoprene

:usertions, da, wr're obt ncd from three other transducers which had

previo.sly been fab)-vcc-ted firr the compensated re-ponse test. By simply

inserting t1-e neoprene hlocks in place, these un:.s were -eady for testing.
:ed

Data obtainee frorn these three transdu•,rs were plotted on the same respective
Dach.

graphs as the datl -v'hich had been cbtained when using the filter network (see
werle Figures iO, 20, add 28ý. Thas allows a better comparison of the no.-Mal output,

the compe.-sated rcsponse, and the neoprene damped output. As seen in the

curve.., th-t froquency i-esponse variation remained w%-thmn ±l db over the fre-

quency range which was used for testing on the Calvd-ne table. This was more

of an improvement th-.n had been anticipated. To support this evidence, and to
vel.

obtain data in the frequency range for which the Calydine table was not accept-
:Jven able, one of the transducers was placed on a precis:on Goodmar .r.-strument
Lnal

shaker. The shaker outp,'t was monitored with a secondary standard to confirm

the acceptabihty of transducer vibration input. These data aze plotted in

Figure 21 along w••th data received from tiiree previous tests performed on the

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

satisfactory for the intended purpose. When using the Goodmaz1 cati•)ration

fb72 [,
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ý- Uw~ drivir-g sourct-, observations of tht- transducc'r Output waveform

on an Ic~~cp .evea1h Gfin" a slight u1iturtion7. Also tested on this instru-

menit table was thc transducer having the highest variat,.on in upper freq-ieflcy

response. When testing tric normal response of this transducer, a 6-db gain

over the response a.t the normalizing frequen-cy resultedl at 2000 cps. Evcen with

a rise in response this grteat, the neoprene insertions reduced the output Zo a

-i-.5dbgairiat2000cps, which is within the tolerable limits The data from this

last transducer were plottcd vLith the data obtained fron, zhl transducer using the

filter method (Figure 22). As ment,,oned before, the ralpid ,,ariations obtained

on the Calydine table were caused by input distortiun. The- curve labeled "com-

pensated response" remained within the tolerable lixnits, but distortion was not

-sufficiently reduced.

This tin~tl transducer design meets the original requirements of the light-

weight transducer. It is extremnely lightweight (approximately 0. 35 gram), and

can be quickly and easily secured in place using an adhesive cement such asI Eastman No. 910. Also, this design has a ensitivity cf at least 4 mv/g, which

mnay possibly :)e increased. Linearity is well within 10 percent and might. 'undeT

uniform fabrication methods, approach a figure of less than 3 per-cent. The size

of the unit allows dynamic measurements in locations previously prohibited by

larger commercial accelerometers. A repeatable frequency response remaining

within *1. 5 db can be achieved with this transducer. Eccornoically, A.t s expend-

able; the barium titanate crystals cost only $1. 00 each, and tlhe hcising can be

made by a punching process for even 'Less. Though Zhese transtiticers are fragile

with rvrspect to lead and crystal damnage, suffic,.ent precaution can r'-duce the

breakage to a negligible amnonut.

Since the requirements of this project have been acc~implishe.'3, added t~rne

and expc.nse to further improve the lightweight transduc~er were no t. Justified. It

is felt, however, that -varying the ty-pe of material of #the insertion, and -hxfting

its location with respect to the active element, -would result in a lowk-cost, light-

weight, expendable tranisducer that could be us~ed in many vibration monitoring

applications where the above featureo with reasonable response are desirable,

and where precision accuracy is not essential.
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VII. 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 LocKt, am A210

b) Nopco Lockfoam Y'504

c) Nopco Lockfoam BH6-0

d) American Latex Stafoar. 310
e) American Latex Stafoam 410

f) Emerson and Cuming Eccofoam FP/"12-6

g) Minnesota Mining arid Manu.facturing Scotchcast t,03

h) Chase Nafil AR-10.

The purpose of experiments with these materials was primarily to determine

their .rnaxi-ruzn reactive exotherrnic 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 Lockfoarn BH610 and Minnesota Mining and Manufacturing

Scotchcast 603 (formerly Minneapolis-Honeywell Sealfoarn 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 Lockfoarn A210, American Latex

Stafoam 310, Stafoarn 410, and Minnesota Mining and Manufacturing Scotchcast

603 i'emains above the maximum allowable for semiconductors. However, of

the materials tested, only one reacts 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 is of considerable -mDorndnce. since the eiotherrnic

reaction temperatures increase as the volume .ncreases. Thus, components

packaged in volumes over 48 cubic mnches must be carefully examined. For

example, 64 cubic inches of Nopco o mBH6 produced approximately

190"C at the center of the foaming mass.

B. Thermal Transmission

Thermal transmiss.on data have been obtazned on the foams mentioned

above. Conclusion.L reached are as follows:

1) Thcugh Chase Chem-iical Nafil AR-l10 was a satisfactory thermal

insulator, Nopco 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

by Minnesota Mining and Manufacturing Scotchcast 603 and

Nopco Lockfoam A210.

Aý the p_-esent time, several other projects are under way. For

example, samples are currently being prepared from each of the foam

systems for use in compression deflection, heat distc-rtion, and heat resistance

tests to be performed at 150". 200', and 250"F.

C. Ccrrosiveness

The Materials and Processes Laboratory also performed an investiga-

t~on of the -ffects of corrosiveness on electronic materials, As was detailed

in the last semiannual repcrt, the test assemblies consist of electronic

materials embedded in I by 2 by 2-inch blocks of foam and exposed for a

period of 90 days to the followzng environments:

1) Room temperature. uncontrclled humidity, and 100 percent

relative humidity

2) 130°F, uncontrolled humid-ty, and 100 percent relative humidity

3) 185'F, uncontrolled humidity, and 100 percent relative h,- idity.
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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 seen 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.

VlII. 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, 7.nd the)y 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.

IX. WELDED WIRE CONNECTIONS IN ELECTRONIC ASSEMBLIES

S^--,".- of the corntra.torb fur 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
Materials 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 aS ueing offered by th-e .... a- e .AW"

a) High component densities

b) Miniaturization

c) Weight savings

d) 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 wo-uid entail operating parameter determinations, machine limitations,

and prototype fabrication. An important element of the study would be to

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

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