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CHAPTER I

INTRODUCTION

A. PURPOSE OF PROGRAM

This report satisfies the requirements specified in
R & D Exhibit 56-8, dated 9 Febfuary’1956. This exhibit
covers the work necessary to provide the Advanced Recon-
naissance System with a comprehensive reliability review
to establish system design goals,

The exhibit states that "electronic component parts
selected for this system, in conjunction with application
criteria, must have a level of reliability such that the .
probability of 10,000 hours successful system operation
is great., Probabilities of successful operation for 17,
250, 1000, and 3500 hours must also be determined.” 1In
this work, the application of the component quite fre-
quently 1s such that the number of hours of successful
operation necessary for a successful performance of the
ARS mission is considerably below 10,000 hours. For ex-
ample, certain transmitting equipment in the vehicle will
have to operate for only 800 hours out of the entire year
of orbital life,

In several instances, there was only fragmentary in-
formation available., In these cases, then -~ the nuclear
source and the orbital altitude and sensing control equin
ment -- a vallid discussion of reliasbility was impossible
without more detailed data.

The exhibit requires an operational plan; such a plan
appears in Chapter X, "Conclusions and Recommendations.

' '1-1
ﬁ;f
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e ' INTRODUCTION
B, LIMITATIONS

In meeting the requirements of this contract, it was
_necessary to make value judgements concerning several pro-
ducts currently available. The Radio Corﬁoration of America
wishes to make it clear that these judgements apply only to

. the proposed use of these components in the Advanced Recon-
‘naissance System. Further, it should be noted that it was
not always possible to test all the products currently avall-
able to meet a speecific need. Hence, the list of satis-
factory components is not to be considered necessarily com-
plete,

C. GENERAL VEHICLE REQUIREMENTS

The purpose of the Advanced Reconnalssance System is
to obtain pictorial and ferret intelligence from enemy ter-
ritory. It will consist of artificial earth satellite con-
- taining a reconnaissance package and associated communica-
tions equipment, power supplies, and scientifilc instrumen-
tation. The equipment in this package must be capable of
satisfactory operation without msintenance. The only ad-
Justmeﬁt possible will be’by remote control through the com-
munications link. The equipment must be capable of with-
standing the conditions of ascent and then operating under
- the considerably different conditions to be. found in orbit.
A description of the two sets of conditions, based on the
best information available to the contractor, '1s contained
in a later portion of this introduction,

It has been pointed out1 that the vehicle with a
reconnaissance package is not expected to sbringiﬁnto being
full blown but rather that a series of systems of increas-
ing reconnaissance usefulness will evolve. The very early
systemswill have as their primary purpose the gathering of

information about the orbital environment and testing the
1, ARS Development Plan.




INTRODUCTION

operation of various cémponent parts and subsystems under
orbital conditicns, There will be a series of systems from
which reconnaissance information will be obtained but whose
primary function will be the testing of reconnalssance tech-
niques and the use of the ARS data, Finally there will be a
class of vehicles whose primary purpose 1s reconnaissance.

TABLE I
Life Requirements of Satellite Systems

Test ‘Vehicle .999 3 hours 3000 hours

' ' .96 120 hours '
.85 500 hours

Barly Reconnalssance 99 500 hours 50,000 hours

c .95 2500 hours '

.82 10,000 hours

Final Reconnaissance = .99 2500 hours 250,000 hours
.96 10,000 hours ‘

To get a rough idea of the 1ife requirements of these
systems it is convenient to refer to a set of probabilities

of the entire system lasting a fixed time, To conform with
the current practice an "equivalent mean life” 1s also listed.
This mean 1life is computed on the assumption that the system
failures-are specified by a negative exponential probability
distribution.l For example the first entry in the table for
an early test vehicle lists as a requirement that the system
have a probability of .999 of lasting 3 hours, this is equiva-
lent to the requirement that the system have a mean life of
3000 hours. All of the probabilities listed here are conditional
on the vehicle getting on orbit with the equipment in working
condition. A word is in order about the choice of the time

1. The formula for computing mean life is, under this restriction -
obtained from Pg = exp(-tqy/T) where P {tg) is the probability
that the item will last a time tpn and"T gs the mean life,

A further remark oﬁ some use 1s to note that for fixed T
Pg(ktg) = (Pg{tg))~, _

Ta2
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- and probability pairs. The shortest useful time was picked
and assessment was made of the acceptable chance of fallure

of attaining that time. This then determines the mean life.
Additional times of interest are also listed with the
probability implied by the shortest useful time, For the early
system a shortest useful time of two revolutions 1s considered
desirable to get an estimate of enviromment,

When examining the table note that a slight change of
'emphasis-will make a considerable change in the requirements,
For example, suppose it were considered important that the
500 hour time was a breakeven point (i.e. the .probability of
surviving 500 hours is .5) the mean 1life would then be‘722
hours and the probability of survival for 3 hours would be .99h.l

It should also be remembered in examining this table that
these requirements are fallure and mean life requirements for
the total mechaniam, For illustration suppose the only 1tems
cohtributing to early failure in the test vehicle were the
transponder, clock, telemetering equipmeht and television
‘camera; that the four subsystems are independent; and that
a failure in any one would abort the mission. With these
assumptions each subsystem must then have a mean life of
12,000 hours and the associated probabllity of one subsystem
lasting 3 hours is ,99975. This is an unduly pessimistic way
of looking at the prbblem and in later sections it will be
noted that introduction of redundancy, relaxation of the in-
dependence restriction, a more realistic statement about
the relative. importance of subsystems and the use of cycled -
operation can all improve the situation to an extent., In this
introduction the examples and expositions have all been restricted
to an exponential failure model in a later section the applica-
- bility of various other models will be discussed at some length.

1. This points up strongly a characteristic of the assumption
of exponential distribution of failures namely, to get
relatively small lmprovement in short life characteristics
it is necessary to increase the long term life greatly.

. 4
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The systems requirements of ARS are severe, the environ-
ment in which the system operates is unusual, the cost of
getting a vehicle to orbit i1s high, and the information to be
gained from the use of the vehicle is of tremendous importance,
These conditions make it mandatory that careful consideration
be given to those aspects of component use and develovment

which will help insure satisfactory system performance., . The
-key to obtaining this performance lies in painstaking care

in designing and building ARS as a system. This implies

that extreme care must be given to the selection, fabrication,
and application of component parts to meet the system require-
ments. Discussion of policies and techniques which RCA be-
lieves to be sound for exercising this care form an important
portion of this report. Many of the techniques such as the '
components application review, derating policles, tailored
testing, and feliability prediction have had their effectiveness
demonstrated in regular use at RCA, Other methods such as

the inspection on the vendors production line, high percentage
destructive sampling, computer simulation of parts performance,
etc. have been successfully used by others.

In addition to the discussion of techniques this report
Fives a preliminary summary of information of the performance
of high population part such as'resistora, capacitors, and
tubes; test information on batteries; information on the state
of the art on such special parts as vidicons and magnetrons,
magnetic tape, an indication of cost of development of some
of the necessary special items; an indication of the magnitude

and cost of necessary test equipment, and a series of recormen-
dations for further: study.

‘The basic information on ARS has come from reports pfo-
duced at RCA under Contract AF33(616)-310}, '




CHAPTER -I1

THE ARS PAYLOAD ARD ITS ENVIRONMENT

ARS vehicles will progress from the models used early in
the program to gather basic environmental data, through an
interim group of vehicles which will be capable of performing
some useful reconnaissance, to the final vehicles which will
utilize the reconnaissance equipment and techniques evolved
during tests of the two earlier groups. ZEach of these groups
will carry a somewhat different payload; hence our discussion
of the effects of environment begins with a description of the
types of payload that will be subjected to the environment,

The environmental factors affecting the components separ-
ate very conveniently into those which are effective during
ascent and those effective during orbit. The environment dur-
ing ascent 1s of short duration and is similar in all other
respects to that of the ICBM, The anvironment on orbit is that
environment in which the equipment must operate'for a long time,
The features of this environment which can have considerable
effect on equipment operation are air density, meteoric bom-
bardment, cosmic radiation, effects of solar heating, and ultra-
violet irradiation, '

A. THE ARS PAYLOAD

l. Early Test Vehicles

The early ARS vehicles will be used primarily for gathering
environmental data and testing the effect of the environment on
certain of the basic ARS components., This vehicle will have
its electronic equipment powered by batteries which will have
no means of being recharged. The electronic equipment (exclu-
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sive of speciasl scientific apparatus) will consist of:

1) Transponder with several communication channels
2) Clogk , |
3) Telemetering transmitter
j) Vidicon television camera

: The most important piecé of equipment in the early
vehicle is the transponder, The mere tracking of the wvehicle
will give information about the earth's gravitational fields
and drag acting on the vehicle, This information 1s’bagic

to the design of the satellite gystem and hence 1t was decided
thet for maximum reliability two transponders with indepen-
dent power supplies would be sent aloft. If the transponder
works even though the other equipment fails the early mission
will be successful. The transponder will permit communica-
tions with the vehicle and tracking to sstablish the orbit,
alr-induced drag, and by inference, the air density. Scien-
tific data will be tranamitted from the orbiting vehicle over
the nine or more channels available in each of the transpon-
ders. Since two transponders with independent power supplies
will be used, at least 18 channels of communication will be
available between vehicle and ground. The transponder will
operate at C band. The most likely transponder for the early

vehicles appears to be a modification of APN/DPN Bowlegs -
developed for the Signal Corps. '

The electromechanical clock envisioned for use in the
early vehicles will be primarily a programming device. How-
ever, there are excellent possiblilities for the design of an

electronic clock utilizing transistors and with extremely low
power requirements,

The telemetering transmitter in the early vehicle will
be used for the transmission of information during the ascent
rhase of the vehicle. In the early vehicle the direct trans-

., YT
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mission television images will:be -sept over the teélemster
transmitter, No decision has been made as to the telemeter-
ing equipment teo be used,

The vidicon camera will be similar to one used in a cur-
rent RCA projectl in which the camera is used in a narrow
band system. The assumptions used in the deslign of the ARS
camera are: '

1) Use of a lens with focal length of 4 inches

2) Exposure time of 0.0l second, based on image imobili-
zation and the sensitivity of the vidicon

3) A maximum video frequency of 75 ke to permit use of
the telemetering transmitter ‘

The picture from such a camera 1s sufficient to show gross
geographic phenomena such as shore lines and would demonstrate
the feasibility of transmission of pictures from a satellite.

The operation of any of the equipment is completely de-
pendent on the operation of batteries and hence, the opera-
tion, packaging, and connecting of the batteries is crucial
to the success of the first vehicle, For this reason con-
siderable effort has been placed on determining some of the
operating characteristics of batteries,

2. Interim Rsconnaissance.Vehic}ps

a. Power Supplies. Power supplies for the interim
vehicles will be either non-rechargeeble batteries or early
versions of a solar power supply,probably one utilizing solar
batteries. Both types of hower supply will restrict the
power available to the equipment, The use of non-rechargeable

batteries will also cause a serious restriction on the vehicle'
1life.

latudy. of Army. Tolevisibn Problems; Signal Corps Contract
DA36-039-sc-70122.; .
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b, Televigion Payload. Two types of systems have been
considered. The first utilizes photographic film which is
processed in the vehicle and transmitted to the ground using
a flying spot scanning technique for the generation of a video
signal. The mechaﬁioally vibrating scanner appears to be the
most promising for the operation. The second system utilizes
a very simple television-magnetic tape system. In this sys-
tem the input information is maintained in parallel channel
form throughout the entire pickup process. The system
utilizes a separate television pickup tube (a half-inch
vidicon) for each frame track on the ground and a separate
magnetic tape storage channel for each vidicon., Such a
rmultitube assembly has been made possible by the development
of transistor deflection circults and the half-inch vidicon.
The total weight of the assembly would be under 10 pounds
and the power requirements under li watts, This system would
require approximately 2,000 feet of tape which would permit
a tape transport mechanism using 10 watts of driving power
and weighing 6 pounds. Both of the systems are designed for
a ground resolution of approximately 100 feet.

c. Ferret Reconnalssance Payload. The earlier ferret
equipment will be used for obtaining reconnalssance informa-
tion and for testing techniques to be used in later more
sophisticated systems, Two systems are under consideration
for the interim system - a scanning superheterodyne and a
crystal video with preamplifier. Both systems would-ﬁse five
antennas directed downward to cover the frequency range from
700 to 12,000 me. The average power requirement is to be
under 75 watts. Using antenna beamwidths believed to be
reasonable, a point on the ground will be in the antenna beam
for approximately 10 seconds.

‘_2-24
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‘A superheterodyne can be made to scan af requency range
of about one octave several times during this period with-
out using unreasonable scan rates or bandwidth. (See figure
2-1) Thus is offered the possibility of securing very good
discerimination between rasdars on the basis of frequency (-
percent or .vetter), at a reasonable cost in weight and power
consumption. This ability to separate signals will help to
a large dbegree to slleviate the problems posed by the very
large number of radars in the antenna beam.

ANT.

- Fipure 2-1
Simple Superhsterodyne Ferret.System

Each antenna wéuld be connected to its own superhetere-
dyne receiver having a tuner and oscillator which require
tracking over a frequency range of 1,8:1,° The outputs of the
tuner and oscillator are mixed and fed to the i-f amplifier.
This is.followed by the detector and video amplifier and
finaliy the signal is recorded on magnetic tape for storage.
This system may prove more desirable than the orystal video
~ type because the required sensitivity could be obtained withi-
out the use of traveling wave tubes,

Figure 2-~2 shows a simplified arrangement of one section
of this system. In this .system each antenna would be followed
by a broad-band traveling wave amplifier. This in turn would
feed one or more filters followed by a video amplifier. The
filters would be arranged to divide the frequency spectrum
withtheir outputs gated successively for storage on maghetic
tape. The frequency specipum mipght be covered continuously

2-5
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by a series of hands with emphasis placed on greater accuracy
in bands having a preater interest factor. To provide asuf-
ficient pain and desired benmwidth each antenna would require
a paraboloidal reflector. Wuring the ascent phase of the:
vehicle flight, these structures would require being housed
within the vehicle. Erection outside would take place after
the vehicle is in orbit. A totsl of five receiving systems
similar to figure 2~2 would be required to cover a band of

frequencies from 700 to 12,000 meo. :
' ouT

ZPpVOOVD

AMLIFIER

Figure 2-2

Crystal Vlideo with Preamplifier

The recorder 1s a multiéhannel magnetic tape unit. It
is used for s toring the intercept data for transmission to
the ground. Each of the channels might be ;ated "on" once
every 2 seconds providing st least five measurements on a
glven signal per pass of the vehicle. For chosen bands of
higzh signal interest the accuracy of the frequency measure-
ment could be 1 5 percent., Location accuracy is expected
to be within the srea covered by the antenna, or when ex-
pressed in 1l inear dimensions, between the limits of &7 and
38 miles, depending on the frequency being received.

d, Communications. The television transmitter for the
interim vehicle would include a crystal-controlled oscillator
and multipliers to spproximately 40O me, The ontput amplifier
wonld be a pgrid-modulated 2C39B, which can readily produce the
degired output powsr running at sbout half normal dissipation,
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An output filter would produce vestigial sideband transmission

- to decrease interference with other services. The receiver
would also be crystal controlled end would operate at a fre-

A quency differing from the transmitter by a few peroent; This

would permit simultaneous transmission and reception on 8

single antenna by means of a relatively simple filter. The

antenna would be such as to give a cone-shaped beam radliat-

ing from the vehicle and covering the earth to the horizon
in all directions. '

The programming unit will be the same electromechanical
clock and timing mechanism described for the test vehicles.
The clock will be set every few passes from the ground
station. It will turn the radio receiver, television camera,
ferret receivers off and on, It will also be used to turn off
and on various pieces of measuring equipment,

The telemetering unit will include multiplexing means
to permit measuring the outputs of a number of transducers
and of various voltages throughout the airborne system,
While several well-designed telemetering systems are now
available, some modification of the chosen design would be
necessary to improve relliability. Telemetering data can be

sent back over the television transmitter and over the channels
available in the transponder.

The transponder will be a modified version of those used
in the test vehicles.

3. Final Reconnaissance Vehicle

.8, _Power Supplies. For power requirements not greater
than 250 watts, orbital average solar power supplies appear
to be adequate. The most likely supply will be a solar bat-
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solar heated thermocouple supply.

For power requirements greater than 250 watts orbitsal
average, a nuclear power supply appears to be necessary. The
two types currently under consideration are:

1) Reactor heat source and boiler, prime mover, genera-
tor, the so-called conventional supply
2) Reactor heat source and thermocouples,

Both systems are considered capable of delivering 1 kilowatt
sverage power, Both éyatems present severs radiation pro-
blems since a reactor of the proposed type will emit gamma
rays at 2000 roentgens/hour at a distance of 15 feet.

b, Television Payload. RCA offers two processes which
are strong contenders for selection as the advanced subsystem,
The first of these, the electrostatic-television process, is
an outgrowth of this Corporation's work on photoconductive
picture tubes, It offers the advantages of simplicity and
the reliability that results therefrom. In this process an
image of the earth is deposited in the form of a pattern of
electrostatic charges on tape of an insulating material.

This tape is stored with the electrostatic image on its sur-
face, When the vehicle comes within radio: range of the
ground station, the tape surface 1s scanned by an electron
beam to produce a video signal., The tape is then wiped clear
of all charges and 1s available for reuse,

In simplest form, the tape is almost identical to the
photo surface used in the RCA vidicon tube, with which we
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have had extensive experience., All available data on this
type of surface indicate that a high sensitivity and a long
storage time are conflicting requirements., However, recent
work on a new type of surface has shown that it.is possible
to separate the parameters which affect sensitivity from
those which affect storage time, While 1t is too early to
state with certainty, the data at hand lead us to believe
that sensitivities on the order of those of the production
image orthicon, storage times equal to several orbital
periods, and definition comparable to that of photographic
film can be achlieved. This work was done on RCA funds, and
& more detailed explanation of the process cannot be given
until our proprietary rights have been adequately protecfed.

To achieve the maximum definition and information rate
of which the tape is capable, the ultimate video bandwidth
has been set at about 8 me. Tests have shown that the re-
sultant pictures will be many times sharper'than the picture
presented by the best home receiver,

The image handling capabilities of this process can be
used in a large number of ways to meet the wishes of the Air
Force, Two examples follow, If the optics are so chosen
that a 110-foot object can be detected, then each ground
plcture will cover an 8-by~10 mile area, there will be 36
such pictures in a strip stretched across the direction of
the vehicle's travel, and the length of this strip will be
374 miles. The outside edge of the end picture will be seen
at an angle of 32° from the vertical. These strips will Be
repeated to form a swath 37 miles wide across the unfriendly
area., If, on the other hand, the optics were chosen to per- |
mit detecting 25-foot objects, then each ground picture will
cover an 1,.,9-by~2.5-mile area,tho;e.will‘bg 10" such: pietures in
each strip for a total strip length of 23 miles, and the out~
slde edge of the end picture will be seen at an angle of 2;2°
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from the vertical. Again the 23-mile swath would ocross the
unfriendly territory.

This electrostatic~-television process offers several ade
vantages over other systems., Unlike the television-magnetic
process, the electrostaticotelevision'process'does not store
a video signal. Instead, it stores an imags of the grodnd
in which there is an area-~for-aresa relation to the surface
of the sarth. The length of the tape required is therefore
essentially the same as the length of film that would be re-
quired to photograph the earth. A considerable equipment
simplification results. Unlike the photographic television
system, no expendable supplies are used. The life of thse
equipment is limited therefore only by the slow deteriora-
tion of bearings, vacuum tubes, eto, | '

The second process, the televlsion-mggé;tie;process. has
been under study and development at RCA since it was proposed
by this Company while working as a sub-contractor to the Rand
Corporationl, and the exploratory work has progressed to the
point where there is no doubt that it can be made to work.,

In this process the ground is examined by a television camera
using an imagé orthicon tube, the video signals are stored on
a magnetic tape during the time necessary for the vehicle to -
pass from unfriendly territory to within radio range of the
ground statlion, and the tape is then played back and its:
signal sent to the ground by radio. The tape is then wiped
clear of all signals and is available for reuse.

Two camera tubes are used, both to provide duplication
of equipment and to permit the most advantageous cycle of .
operation, By optical means these tubes take a series of
pictures in a line across the direction of the vehicle's
flight. In practice, one tube is exposed for a fraction of

;Rand Corporation subcontract 52-63, June 1952,
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of a second to the optical image, then this tube is scanned
to generate the video signal., While the first tube is being
scanned, the second tube is exposed and the opties of the
first tube are changed so as t o present a different picture
area for its next exposure, This action is continued as the
vehicle moves forward so that a mosaic of photographed sreas
is formed, '

As in the electrostatic process, a video bandwidth of
8 mec has been choéen, and again the picture 1s expected to
be many times sharper than the picture of the best home re-
ceiver, This wide~band éignal is then broken down into
several narrower frequency bands, and these are recorded
side by side on separate tracks on the magnetic tape., Con-
trol signals are recorded at the same time, and these are
used to control the movement of the tape during playback,

Although the television-magnetic process in inherently
the more complicated of the two, this Corporation has under
way a number of developments which may so greatly extend the
usefulness of any process based on the image orthicon that
its advantages will support its complexity. It is now possi-
ble to build a commercial image orthicon with greater spac-
ing between the target and its mesh. This tube is more cri-
tical of the applied level of light than 1s the standard tube,
but it 1s about 10 times as sensitive and permits observation
in the light of a full moon. There has also been built at
the David Sarnoff Research Center a tube with two image'sec-
tions, This tube 1s farther from commercial production,'but
 the development models have had sufficient sensitivity to
permit observation by sthrlight. It 1s obvious that these
tubes would increase the number of observational passes pos-
sible with each vehicle; in addition, the best available in-
formation shows that cloud cover is leas at night, so the
effectiveness of night-time passes would be greater than that
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of day pesses, Use of these tubes therefore offers a signi-

ficant increase in the amount of useful data that can be
derived from each vehicle,

c. Ferret Payload, After type I has been flown for
about a year, a power supply of higher capacity (250 watts)
is expected to become available, At that time the type Il
ferret should be ready for flight tests. The second type
ferret will be an extension of the first type. It will be
capable of the same functions but will perform these func-
tions with grester accuracy and will in addition measurs
pulse width and PRF. The frequency range will be extended
’ P if the need is demon-

gn técéhniques allow, Digital techniques will be
‘used where an advantage is gained thereby. -

In addition a start should be made on the problem of
extending the low end of the frequency ranges. This problem

ls difficult. It will not be practical to use the same
scheme as for ty

/. - -~.-,,,,-/Illllll"/// //

7
W f,be necessary
o relax the location aocuracy required or to use a

different scheme involving interpolation. It is believed

that one section of such a scheme should be inecluded in the
type II ferret,

After type II has been flight teated for about a yeér a
still higher capacity power supply (1 kilowatt) is scheduled
to become available, The type III ferret shbuld be ready for
flight teat at that time. The design of the type III ferret
will be carried out during the flight tests on type I and the
experience and data obtained during the tests should be very
helpful. It will also be possible to make minor changes in

the type III equipment if the nsed 15 indicated by tests on
the type II equipment,
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The third ferret system will be based on the first and
However, it will have » ended frequency

second systems,

range coveri
M ¢ frequency, location, PRF and pulse width

of radars will be measured. Consideration will also be given
to covering CW reception, This third type will be different
from the first two types in that considerable effort will be
expended in providing a more'accurate indication of location.

d. Communications., There 1s a possibility of’changing~
to a steerable antenna with an attendent change in television
transmitters, The transmitter would operate at a frequency .-
of 7500 me, A poasible microwave tube for this application
would be an improved 7500 mc version of the RCA A-1061 fre-
quency-modulated magnetron, Satisfactory television pic-
tures could be obtained at 1600 miles with a vehicle trans-
mitter output of from 5 to 10 watts, A major difficulty
with such a system is positioning the vehicle antenna.

No major change from the interim syatem is considered
for the other parts of the vehlicle comunications,

B. ARS ENVIRONMENT
1. Ascent Phasge

a. Atmospheric Conditions. The vehicle starts out under
normal surface amblient air conditions. The total time for
ascent to orbital height is on the order of 30 to 35 minutes,
during which time the atmospheric pressure is reduced to the
order of 10"8 to 101° mm ofng. The atmospheric tempera-
turs at first drops to a low of approximatelyvzooo K, then _
from approximately 100 kilometers altitude prodeeds to rise
to from 1000° to 1500° K, However, the amblent tempsrature
has relatively 1ittle meaning in regard to the internal tem-
perature of the vehlcle, because of the fact that during
ascent skin friction raises the skin temperature to hundreds
of degrees above ambient, and at the orbital altitude of 500

rﬁ2-13
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kilometers the air 1s too rarefied’ to conduct any appreciable
amount of heat to or from the vehicle. During ascent it is
estimated that the nose cone of the vehicle may reach tem-
peratures corresponding to approximately'loooo K but- that the .
skin around the payload compartment will not be hotter than
approximately 600° K.

- b. Total Vector Accelerations, While at rest on the
ground all of the payload 1s of course subject to the ‘
ordinary lg steady gravitational acceleration, On launch-
ing, the rocket motors provide a steadily increasing accel-
eration which may reach a peak of from 7 to 10g; super-
imposed -on this steady acceleration there will be severe
vibrational accelerations, The exact nature of the vibra-
tions is not known but it has been stated by WDD that the |
vibrational amplitude may be as high as 1 inch peak-to-peak,
have peak magnitudes =s high as 10g, and have components,
subject to these limits, up to 2000 ecycles per second. After
the booster and the main vehicle motors ars shut off there
is a coast phase during which the vehicle experiences no
net acceleration, but this coast phase is followed by a
short vernler acceleration of a relatively low value. The
ascent accelerations either in the booster or vernier phase
may contain transverse as well as longitudinal components;
these mey become particularly severe in the booster phase,

¢, Cosmic Radiation. The primary cosmic ray inten-
gsity increases with 1ncfeasing altitude, but the secondary
cosmic rays arising from the constituents of the atmosphere
caugse the total counting rates to reach a maximum at an
altitude of approximately 60,000 feet. It is not likely
that these secondaries arlsing from the atmosphere will
cause any unusual radiation effects in excess of those aris-
ing at orbital altitudes from the effects of the primsries
striking the vehlcle structure,

2-1




THE ARS PAYLOAD AND ITS ENVIRONMENT

2. Orbital Phasge

a., Atmospheric Conditions. At vehicle altitudes it is
estimated that the atmospheric pressure will be in the order
of from Zl.O"8 1:0.10'10 mm Hg, the actual value being uncertain
by a factor of 100 to 1, The temperature is estimated to be
between 1000 and 1500° K, The main constituents of the sir
at these'altitudes are expected to be O, N, Nz, and possibly
He; 1t is expected that all of the oxygen will be dissociated
but the extent of the dissociation of the nitrogen is less
well known. |

The main detrimental effect of the ambient atmosphere
is of course the drag which 1t applies to the ARS -vehicle,
but it 1s possible that other deleterious effects may arise
from physical or chemical interaction of the air atoms and
moleculas.on the vehicle skin or lens and window materials.
The quantity of molecules present is very low, in the order
of 10° to 108 per cc, hut the relative velocity of the mole-
cules to the vehicle may give them sufficient kinetic enefgy
to disrupt lattice bonds in the metal of the skin, and thus
change the thermal radiation properties of the skin in the
. course of time, However, these effecta are expected to be

small, '

The state of ionization of the atmosphere at vehicle
altitudes is unikmown; there are theories which predict vir-
tually no ionization, and others which predict almost com-
plete ionization., The electron density may be as high as
105 per cc¢, but this does not represent a sufficient density
to pose any troublesome atmospheric conductivity effects.

b. Total Vector Acceleration., At the center of gravity
of the vehicle there are no vector accelerations during orbit-
ing conditions except the extremely slight deceleration due
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to drag. Above and.below the center of gravity there are
very slight accelerations, but for all practical purposes
the entire vehicle may be considered to be in 2 gravity-free
condition.

c. Cosmic Radiation. Primary cosmic ray particles con-
sisting of protohs and a particles of several Bev energy are

expected to strike the vehicle at the rate of approximately
1l per cm2 per second. It is expected that these will pro-
duce negligible effects on any electronic component. Second-
ary radiations arising from the vehicle structure may con-
tein »” rays, neutrons, snd various fission fragments, but
these are also expected not to be harmful, although this
assumption is considerably more uncertain than that made with
respect to the damage from the primary cosmic rays.

d. Vehicle Skin Temperatures. The predicted vehicle
skin temperatures depend heavily on the assumed values of'
the skin absorptivity ¢ and emissivity € ., Present estim-
ates for a titanium skin lead to the prediction that skin
temperafures over various parts of the vehicle will vary
from h00° K to 170° K, although the average skin temperature
is only approximately -10° ¢, Preliminary estimates on the
temperature that would be assumed by a centrally located pay-
~ load box indicate that it would remain at approximately 25° C

-1f 1t only exchanged heat with ‘the vehicle skin by means of
radiation. ’

e, Metesorite Bombardment. Estimates of material struc-
tural damage due to meteorite impact indicate that this pro-
' blem will probably not be too severe; one estimate made by
North American Aviation Company predicts an average of one
destructive impag¢t every 6 months,
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The magnitude of the erosion problem due to cosmic dust
1s much more uncertain. There are some indications from
rocket flight that a rather severe sand blasting or erosion
effect may take place. Certain other estimates based on such
indirect factors ss the silicon content of the ocean beds
lead to predictions of little real trouble from cosmic dust
erosion. This is one of many points which can only be
"settled by flight tests in early satellite vehicles,

f. Solar Radiation. The received solar radiation at
500 lm will contain much more energy in the ultra vioclet and
X-ray region than that received at sea level or normal air-
plane flight altitudes, This shorter wave content will pro-
bably not affect the vehicle skin or structure but it may
discolor or craze plastic sarfsces such as might be used for
containing solar batteries.




CHAPTER IX1

PERFORMANCE OF HIGH-POPULATION COMPONENTS

A. GENERAL CONSIDERATIONS

Taken individually, the indicated envirommental extremes

- present few if any insurmountable problems within the present

- atate of the component and materials art. The temperature

range of ~37°C t6 125°C is one with which the components in-
dustry has had a great deal of experience on military equipments.
At 125°G judicious selection will be necessary to meke available
the complete variety of parts suitable for the nummerous circuit
applicatibns. This upper temperature limit will also place a
premium on maintenance of rellability.

The reduced air pressure, in the presence of ionization
will present serious voltage flashover problems, particularly
during the transition from ground pressure through the critical
prassure po:‘l.nt.1 In general, flashover can be controlled by
maintaining adequate spacing between electrodes, by proper shape
of the electrodes, by potting or pressuriziﬁg. The effects of
reduced pressure on hermetic seals 1is not congidered serious in
most component categories. Avallable seals have adaqﬁately per-
formed up to altitudes of 70,000 feet even under the added.
stresses of high temperature. The increased pressure'contributed
by altitudes above 70,000 feet is not sufficient to cause concern.

1. Maniin; Arthur H., "Corona Supbression Methods",
‘Blectrical Manufacturing, June 1951, p.l125.
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However, where O~ring or elastometer'seals (as opposed to
a true hermetic seal such as Kovar Glass Seal) aré used, parti-
cularly where volatile substances are enclosed, will require
special consideration and possibly development effort. Because
~of the wide spectrum of vibration frequencies, the anticipated
shock, and the high acceleration contributed by rocket powered
flight, heavy components may require special moorings. All com-
ponents, even the smallest, will have to be supported by sultable
brackets unless encapsulation is used. The effects of ultra-
violet or cosmic radiation were not considered because of lack
of information. It 1s not expected that this will. create any
unanticipaeted hazards. However, some further investigation
should be conducted in this area. Due to the limited time of
this study, no consideration has been given to the effects of
nucleﬁr radiation on components’and the conclusions drawn here
may not apply to a satellite using a nuclear power source,
Humidity is not a problem during flight. It may be a problem
during storage of some of the component categories, but this can
be overcome by proper packaging and atorage.under controlled »
enviromments and careful control of the inventory. All factors

considered, a satelllite life span of 10,000 hours does not appear'
to be excessive.

The advantages of potting or encapsulation to minimigze
flahsover, dampen the effects of shock and vibration and provide
a heat transfer medium should be seriously considered. Likewise,
pressurization will solve many of the flashover problems and
provide a medium for heat exchange between dissipative components
and the other masses within the vehicle,

An overall evaluation of the ARS enviromment shows that
the componenta and materials problems exist primarily in two main
areas. First, available test data present no information on the

3=2
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ebllity of components to withstand comblned stresses of voltage
and/or current in the changing atmosphere of increasing temper-
ature and rarification, in the presence of ‘lonization and nuclear
radiation, under the mechanical forces of the high acceleration
of rocket powered flight, and when sdbjected to ssvere shock

and vibration. Yet, this is the environment that components
will undergo during launching. The second problem is the main-
tenance of & high order of reliability for each component and

to maintain this reliability throughout the process of assembly
of the equipment. This reliabllity is dictated by the extremely
high investment in time and funds in each vehicle.

Fortunately, there are mitigating factors. The violent
launching cycle is of short duration. The greater part of the
operating life span occurs under essentially ideal conditions.
Orbiting except possibly for radiation (solar and cosmic) effects
and chance collisions with "inter-planetory debrié", will take
place under the placid conditions of a moderate and stable tem-
perature and equilibrium of mechanical forces. The profile of
the launching stressea is not expected to change significantly
from launching to launching. Exploratory telemetered launchings
should make available the details of this profile. These data in
turn will provide the basis for developing a reproducible, reason-
‘ably short, but highly protective proving-out procedure which can
simulate actual launching stresses. The severity of the reli-
ability problem is further reduced by the comparative simplicity
(as compared with computers or the combined complexity of the
communications, navigation and fire control gear of a bomber, for
example), and low component population density of ARS. Add too,
the probability that not all electronic equipments in ARS are

eritical to the survival of the vehicle or 1ts ability t6 perform
its primary mission.
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B. DETAILED CONSIDERATIONS
l. Capacitors

The anticipated seleection of circuits for the ARS program
calls for a wide variety of capscitor types. The environmental
extremes, particularly tempersture and pressure impose many re-
strictions, but not to the point of exclusion of any essential
tyies, (with the possible exception of radiation effects, which
are not being explored herein). The envirommental extremes
will, however, aggravate the reliability problems (see paragraph
D). In general, derating of voltage will effect a materisl in-
crease in reliabllity.

a, Paper Capacitor. Subminiature papér capaclitors, styles
CP-05 through CP-11, characteristic K of MIL-C~25 as supplied by
the Spraguevcompany and the Gudeman Company, are adequate for
operation at 125°c for periods well in excess of 10,000 contin-
uous hours. The compression glass header is preferred over the
Kovar seal., Styles OP-Ol, OP-05, CP-08, and CP-09 will require
suitable brackets to withstand the anticipated dynamic forces.
8tyles CP~10 and CP~1ll are furnished with integral mounting means.
However, CP-11 is to be avoided on account of the cantilever type
of mounting which is not recommended for severe dynamic loading.
The extended foil construction of styles CP-08 and CP-09 is pre-
ferred for low voltage application, (under five volts) and where
self inductance (of tab construction) is not desirable circuit-
wise. BSufficient creepage distance between terminal and case
must be malintained to preclude voltage flashover particularly
during transition through the critical pressure point. The ter-~
" minal and seal design of this capacitor is such that wide variation
in creepage distance will be encountered under normal manufacturing
techniques, This is'particularly serious with Kovar glasé
headers. Accordingly, the larger"diametér headers should be used

A J { ‘“
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especially for the higher voltege ratings. Where the creepage

" distance i1s marginal for the particular voltage rating all capa-
citors should be tested at the critical pressure point to cull
out capacitors with inadequate spacing due to eccentricity in

the rim seal solder or gioba of solder in the eyelet seal, High
temperature solder should be used for rim soldering of the header
to preclude the possibility of the header moving under the in-
fluence of high temperature and dynamic loading.

b. Bubtton Mica Capacitors. Both Erie Resistor Company
and Sangamo Electric Company now make a glass seal button mica
capacitor capable of withsténding'the Pnticipated environmental
extremes. However, the expected dynamic load will require special
concern over the method of mounting the capacitor to the chassis..
Solder alone should not be used for mechanical support.

c. Molded Mica Capacitor. Cornell Dubilier Electriec -
COﬁpany has available a molded mica oapacitor which will ade~
quately withstand the temperature of 125°c. In addition, the
Elmenco Dur Mica capacitor, the Corning Glass glass capacitor and
the Vitremon, vitreous enamel capacitor are all sultable for oper-
ation at 125°c. These capacitors while normally supported by
their wire leads should, for this application, be potted, pasted,
or sultably bracketed to withstand the dynamic forces. In
bracketing the vitreous enamel or the glass capacitor, due con-
slderation should be given to the inherent fragility of the
product. The voltage derating required in Specification MIL~C~11272
should be applied to all glass capacitors operating at 125°c.
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d, Ceramic Capacitor, Ceramic capacitors, both tempor-)
ature compensating and high K types, are not normally supplied
for 125°C operation (see MIL-C-20 and MIL-C-11015A), However,
the Erie Resistor Company as well as other vendors are now
making ceramic capacitors suitably housed and impregnated with

high melting point wax capable of operation at 125°C. These
' capacitors should be potted, pasted, or bracketed to withstand
dynamic loading., - This class of products too, 1s very fraglle
and caution should be exercised in the method of bracketing.

6., Electrolytic Capacitors. The aluminum eleétrolytic
capacitor is not sultable for use in ARS, However, tantalum
electrolytic capacitors as. supplied by the General Electric
Company (foil construction) and the P, R. Mallory (slug con-
struction) specially designed for 125°C‘operation may be used.
Double sealed units are preferred in view of the possibility of
loas of electrolyte by evaporation under the combined effects
of temperature and reduced pressure. ;

f. Veariable Air Dielectric Capacitors. In applying vari-
able air dielectric capacitors it is essential that adequate
spacing be maintained between capacitor plates to withstand peak
voltage stress,_ptrticularly_dﬁring the transition through the
oritical pressure point. In sddition, unless shaft locking
deiices are provided it can be expected that the capacity will
change under the rigors of the dynamic load,

gs Teflon Capacitors. Exocept for possible radiation
effects, the teflon capacitor, because of its extremely high
insulation resistance is eminently suited for time constant,
energy storage, and integration circuits. This film is capable
of sultable operation at temperatures well above 125°C. This
capacitor should be preferably packaged in glass or ceramic
tubes with metal end seals., The more common metal can, with
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glass end seal, will degrade the excellent characteristics of
this capacitor.

2. Cosxial Cables

a, General Purpdse Coaxial Cable. Except for the poésible
effects of radiation, teflon is the only dlelectric material
now available which can supply the excellent electrical char-
acteristics desired, is practical for use in the mamufacturing
of coaxial cable, and can withatand temperatures up to 12500.
The jacketing material now available is monochlorotrifluorcethylense,
teflon, or glass braid. 8Small cables having this desired con-.
struction are: ’ |

NOM. (INCH) NON. (OHMS) JACKETING MATERIAL

CABLE TYPE OD OVER JACKET IMPEDANCE ~ JACKETING MATERIAL
RG-178 1/ 0.075 50 CTFE' or Teflon
(Amphenol) 0.100 . 50 CTFE' or Teflon
K-256 (FI#R)  0.135 50 oTFE"

RG-1l1 /1 0.190 50 -  @lass braid
Re-142/ 0.205 50 Glass braid
RG-179/4 0.100 o 75 CTFE' or Teflon
K-257 (F#R)  0.135 70 ~ CTFE’

RG-11,0/14 0.230 - 75 Glass braid
RG-180/); 0.145 95  CTFE  or Teflon

If larger cables are required the selection should be made from
gpecification MIL~C~1T7B.
+ CTFE is monochlorotrifluoroethylene

_ b. Pulge Cable. There are no standard pulse cables avail-
able that will meet the 125°¢C temperature requirement. If short
lengths are required it may be feaaible to use shielded silicone-
insulated high voltage wire covered by a glass braid. There is

an experimental design, identified as No. 1230 by the Signsal Corps,

3=7
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which can be used at 125°C. However, the cable outer diameter
is 2.1 inches. '

c. Delay Lines. There are none available that will meet
tha 125 C temperature requirement. It is suggested that the
system use lumped-constant networks to accomplish the same-task.

d. Installation Note. Extreme caution must be used to
prevent failures due to vibration and shock. The cable should
be fixed to the chassis at sufficient intervals to minimize
cable whipping. This of particular importance at the ends of
the eable. The cable immediately adjacent to the connector
termination should be clamped to the chassis or to an extended
support mounted to the chassis. '

3 ‘coaxial Connectors

The 125°c temperature requirement limits the choice of the
non-metallic material used in the connectors. Teflon, except
poasibly for its degradation under radiation, should be used as
the insert material in all locations requiring optimum electrical
characteristics. When the non-metallic mate;ial serves as a
gasket or seal, but only mechanically (as opposed to electri-
cally), then silicone should be used.

2, Screw~Type Connectors. Screw-type connectors should
be locked together by a method such as solder or wire-locking.

b. Bayohet-‘.['ype Connectors. Bayonet-type connectors
should be used only if the screw-type is not available or if a
cramped lpcation for coupling prevents a screw-type commection.

The coupled connectors should be locked together by either
solder or wire-locking.
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Ce .Quiék-connect Snap-On Connectors. Quick-connect snap-
on connectors should be uased only if the cramped locatlon for

coupling prevents use of the screw or bayonet-types. The
coupled connectors should be locked together either by solder
or wire~locking. '

d. Plug-in Connectors. Plug-in connectors should only be
used for rack and panel coupling. '

. Motors

The major problem involved in the use of motors in ARS 1is
maintaining adequate lubrication and satiafactory brush life.
The lubrication problem may be solved by sealing the motor and
using a silicone grease. However, the use of a silicone grease
necessitates derating the mechanical loading on the bearings.
Other known lubricants will not withstand the high temperature
and reduced pressure. It may be posaibie to eliminate the brush
problem by the use of brushless motors (assuming a-c power is _
available). If this is not possible, séaling the motor may solve
the problem, but testing will be required to determine the
necessary atmospheric conditions (in terms of moisture content)
inside the motor for adequate lifs.

The insulation problem can be solved adequately by the use
of class H or class B insulation.

5, Power and Data Type Connectors

The variety of available connectors which meet the enviroﬁ--
mental requirementé of this project necessitates a review of
the specific applications to facilitate selection of the optimum
connector. In general, two types of connectors, the cable con-
nector and the rack and panel connector are discussed below to
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provide a plcture of connectors in general. High température
solder must be used to hold the wires to the contacts and to
rim seal the hermetically sealed connectors.

a. (able Connectors. (Class E, class K, and hermetically
‘gealed cable connectors meet the specified enviromnmental re-
quirements for use 1n the interconnection of circuits between
packaged units.

(1) ¢lass E Cable Connectors. This class of con-
nectors conforms to Specification MIL~C-5015B. It is recormended
where the connector will be subjected to heavy condensation and
rapld changes in temperature or pressurs and/or where the con-
nector is subjected to very high vibratory conditions. For
class E connectors those with silicone insert material, as
manufactured by Cannon Electric, are recommended., This class

" of connectors is not recommended for pressure tight fittihgs.
Various inserts arrangements are avallable to accommodate the
required voltage and current needs. Mating connectors should
be class E. '

(2) Class X Cable Connectors. This class of con-~
nectors cénforms to Specification MIL-C-5015B., This connector
is recommended where it is nscessary to maintain electrical
continuity for a limited time, even though the connsctor is
subjected to continuous flame., These connectors will malntain
electrical continuity when exposed to a 2000° P flame for a
minimum of five minutes, For optlmum operation, mating connectors:
should be class K. Class K connectors, having various contact
configurations to accommodate various current and voltage‘re—
quirements, are avallable from Cannon Electric Company. |

5510
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(3) Hermetically Sealed Comnectors. This class of
connectors provides a hermetic seal. Leakage rate will not ex-
ceed one micron per cubie foot per hour at a pressure differ-
‘ential of one atmosphere, as tested on a mass spectrometer.

The type GS connectors, as manufactured by Cannon Eleoctric, meet
the above leakage requirements, and are satisfactory up to
1000%°P. The body and contact material is steel with an elsctro-
tin cadmium finish, Pin sealing is accomplished by means of a
compression glass seal. Various contact configurations are
aveilable to acconmodate the required voltage and current needs.
The mating connector must have resilient insert material to
accommodate pin misalignment.

This class of cable connector is recommended as the best
single class to meet all cable connector requirements of this
project.

b. Rack and Panel Connectors. The rack and panel con-
nectors being considered here are available in both standard
type and hermetically sealed type, and are to be used accord-
ingly. These types of comnectors are used in subchassis plug-
in applications. Winchester Electric type MRE and HMRE Connectors,
U.8. Component Co. type M1l and HMl connectors, DeJur~-Amsco |
Corporation type 20 and H20 connectors are interchangeable, and
are the recommended types. These connectors have a mineral
' £11led melamine whigh meets the 125°C requirement. Specification
MIL-C-848l; (USAF) is,applicable specification. A variety of
contact arrangements are available to provide for various
voltage requirements. However, it is recommended that connectors
with greater than 26 pins not be used, The comnectors should be
placed so that the direction of connector insertion is perpen-
dicular to the normal axis of flight of the main assembly. This
places shear forces on the pins, rather than an axial "in-out"

3=~11
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force in the direction of insertion. Mo assist in alignment -
when mating, the body of half of the connector assembly should
"float". In no case is it recommended that the guide pins and
guide sockets be used as current carrying conductors.

6. _Receiving Type Tubes

‘'a. @General Recommendations. All tubes should be selected
from MIL-STD-200C listing of Guided Missile Receiving Type Tubes.

Insofar as possible, all tubes should be mounted so that
the tube is at, or nearly at, the sink temperature (i.e., mount
tubes in fixtures intimately attached to the frame of the
equipment).

Tubes should be de-rated forvtemperature and voltage to
ingure long life and reliable performance. De-rating formulae
for satlisfactory life have been covered in a publication issued
by 8Sylvania Electric Corporation on Air Force Contract .
AF33(038)-9853. This report oovers most of the subminiatures
in MIL-STD-200C. |

- Altitude should not introduce any difficulty as far as
high voltage breskdown is ooncerned. However, if reduced
pressure tests indicate diffioulty during transition from sea-
level to final altitude, it may be necessary to mount submini-
ature tubes with flexible leads or pot the base.

Tubes should aperate satisfactarily under conditions of high
shock and vibration. 8Sufficlent work has been performed by all
the services and major memufacturers investigating verious tube
types, especlally those in the missile tube listing..

SEGREY 3-12
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" b. Detailed Recommendations. Gas tube type 5727/2n21w
should not be used if the ambient temperature exceeds 90°c.
Subminiature type 56l6 grid control thyratron has a maximum
bulb temperature of 125 C. Since ARS operates close to this
limit, the tube must be considerably de~rated. All other gas
tubes in MIL-STD-200C oan safely operate at ambients of 125°C.

All the vacuum tubes on the Guidec Missile Tube List are
rated for.bulb temperatures of 220°C or higher, except for the
5647 (165°¢) and the 6203 (180°).

Te Releys

.8, Recommended Construction. The envirommental extremes
anticipated in ARS applications will restrict the use of relays
to three major constructional types, plus several application
limitations as outlined. Sources other than those specifically
‘mentioned below may be avallable for this application but the
indicated sources are peaommendeds

(1) Opposed Plunger. The opposed plunger construction
(supplied"by A. W, Haydon and Cook Electric Company) has the
best resistance to vibration, although there are difficulties
in manufacture due to the neceasity for precision parts.

{(2) Rotary. The rotary construction (supplied by
North Eleétiic Co., RCA, Union Switch and Signal, Hi G, Couch,
Filtors, and Struthers Dunn Incorporated) has very good proper-
ties except for acceleration about its own axis of rotation.

(3) _Plunger. The plunger construction (supplied by
Allied Control Company, U.S. Relay, and Price Ele¢tric Company)
can potentially pass the vibration requirements. However, at
the present time refinements are still being made in order to

3-13
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eliminate resonance points at the higher frequencies.

b. Application Limitations.

(1) Dynamic Forces. Vibration tests have béen run
from 10 t6 500 cps at 10g. The results indicate that relays of
* potary, plunger, or opposed plunger design are .satisfactory
for the stipulated range of frequencies. Although vibration
tests to 2000 cps are contemplated, no difficulty is expected
with these designs. '

{2) Temperature. Tests have been run on relay per-
formance &t 125°c. Allied Control Incorporated, North Electric,
and RCA releys have passed 100,000 operation 1ife tests at this
tenmperature, It might be noted in passing that a relay requires
approximately 25 percent more coll power for operation at 125°C

‘than at 85°C. This is due to the increase in coil resistance
with temperatura., Several vendors have relays which they claim
will operate at +200%c.’

| (3) Reduced Pressure. Since relays in this equipment
will be hérmetlcally sealed the primary difficulty with altitude
will be the external connections to the relay header. The
header terminal spacing must be controlled. Internal pressure
is usually one atmosphere of dry air or dry nitrogen. Relay
seals are satisfactory up to 260,000 feet. The leakage rate at
this altitude can be held to 0,001 micron cubic feet per hour.
General Hermetic Seal tests all the relays they seal at 260,000
. feet. The leékage rate permissible varies from approximately
0.1 to 0,00l micrey/cuble feet per hour. A relay will withstand
approximately two tenths the sea level high potential at
260,000 feet.

() Reliability Aspects. Increased knowledge of the
various céntact materials and their properties 1s necessary to

3-1);
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properly derate electrical contacts. Gold alloys such as Bell
No. 1 (69% gold, 25% silver, 6% platimum) resist.. the formation
of contact films, It is therefore commonly used in low-level
switching. Silver and palladium, used in general applipations,
form sulfide, nitride, and oxide films which are excessively
resistive for dry circuits. In general, moderate deratings of
relay contacts affords a signifiocant improvement in the life
characteristics of the unit. A 50 percent derating is common
for high reliability applications.

Checking such initial characteristics as coil and contact
regsistance and operate and release vealues, then performing a
1000-operation test and rechecking the degradation of the afore-
mentioned characteristics has been one of the most effective
screening tests. The function of the relay in the circuit must
be considered in designing run-in tests. For instance if the
operate timing of a relay. is important to proper equipment oper-~
ation it is important that this characteristic be checked in the
run-in. Vibration run-in is effective when dealing with certain
types of relays (i.e. sensitive and power typqs). All special
requirements which affect the épplication provide useful screening.

8. Resistors

A large variety of avallable resistor types can perform
satisfactorily under the anticipated dynamic forces and environ-
mental conditions. However, the more common resistor types, such
as fixed composition, variable composition, and variable wire-
wound (low power and precision) are not suitable for the anticipated
environmentsl extremes. A brief summary of the various avallable
resistor types, recommended ygndors, wattage derating factbr, and

mounting techniques required to permit reliable operation, is
given in Table 3-1.
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For low power fixed resistance applications, it is recom-
mended that accurate, wirewoimd, 125°c types be used. However,
where low volume, 1ight weight, high resistance values, and/or
~high frequency performance 1is required, the deposited carbon
film type should be substituted. Variable low power resistors
will have to be of the high temperature variety, such as
Technology Instruments Corporation type RVHI, which 1s readily
available. Variable power resistors should be of the MIL-R-22A
wirewound type. 8ince variable resistors will exhibit dielectric
breakdown between 360 and [,50 volts when subjected to the anti-
cipated altitude conditions, applied voltages should not exceed

180 volts, unless precautionary measures are taken.

&, Dynamic Force Stress Investigations. As 8 result of
the application of these atresses: high-frequency vibration of
55 to 2000 cps at 10g's constant peak accelerationj mechanical
shock of 30 impacts of 50g's, 10+l millisec durationj constant
acceleration of 50g's for five secondss the following conclusions
may be made:

(1) Fixed, Pilm, Figh Stability Resistors. The - per-
formance 6f film resistors is not the same for all vendors.
Samples of two-watt rating will not perform satisfactorily under
high-frequency vibration conditions, unless the bodies are
clamped. All other wattage sizes may be mounted by their wire
leads at 0,25 inch from the bodies.

(2) Fized, Wirewound, Accurate Resistors. All re-

sistors of this type will perform beth_mechanically and electri-
cally in a satisfactory manner.

(3) Pixed, Wirewound, Power Resistors. No transient
electrical conditions (opens, shorts, or large resistance changes)
are expected., Electrical changes will be less than 0.2 percent.
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(4) variable, Wirewound, Power Resistors. Resistance
-Qhanges as great as 10 percent can be expected when these re-

gistors are subjected to high frequency vibration.

(5) vVariable, Wirewound, (Trimmer, and Precision)
- Resistors. External mechanical damage to these

resistors will be negligible. However, the internal parts will
- vibrate excessively. Accordingly, this general type of pre-
clsion potentiometer is not considered suitable for ARS en-
vironments. Development of an improved type is indicated.

9. Sémiconductor Rectifiers and Diodes

8ince the maximum operating temperature of germanium devices
18 85°c, only silicon rectifiers will be considered here.

a. Silicon Junction Rectifiers. In general, all silicon
rectifiers are able to withstand the required temperature and
pressufe conditions. The type of mounting will determine the
ability to withstand vibration and shock as follows:

| . (1) Aaxial Lead Types. ("Top Hat" style 1N537, for
example) "This type imst be potted to obtain maximum resistance
to shock. Normal lead-mounting probably will not suffice..

(2) Sstud Mounted Types. (JAN 1N 253, for example)
This type 1s adequately secured by the mounting stud.

(3) Clip Mounted Types. (1NS43, for example) This
type 1s probably adequately secured by the mounting clip.

b, 8ilicon Junction Diodes. In general, all types of
silicon junction diodes are able to withstand the required tem-
perature and pressure conditions. Tolerance to vibration and
shock will be provided by the mounting system as follows:
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" Resistor Types Recommended

high temper-
ature oper-
ation).

TABLE 3~1

% of Nominal Rating Recommended Mountin
Available Vendors Recommended Maximum Method
Fixed, Film IRC, Texas. 15 25 %x;gliﬁgﬁd;;xuse
High Stability Instruments, 1ead length.
(Molded or _Inc. ngra.
Hermetically~-
Sealed Only
MIL-R-10509B,
Char, G. ‘
Pixed, Wire- Shalleross 25 35 Axial Leads, use
wound, Accurate Daven 0.25 inch mex.
MIL-R-93A, Sprague lead length.
Char. A. Lug Leads, use
#6-32 screw,
lockwasher.
Fixed, Wire- Ohmite 30 50 Tab Leads, use
‘wound, Power Sprague ,Ward  side mounting
MIL-R-26C, Leonard bracket of suffi-
Char. G. cient strength.
Axial Leads, use
0.25 inch max,
lead length.
Variable, Ohmite 30 50 Bushing, use
Wirewound, mounting nut,
Power NIL~R- 1 lockwasher and.
22A, (25 watts anti-rotation
and up) pin.
Variable, Wire- Helipot 15 25 Bushing, use
wound (types TIC mounting nut,
designed for Waters lockwasher and

anti-rotation
pin, ‘

3-18



]

FERFORMANCE OF HIGH-POPULATYON cOMPONENTS

(1) Subminiature Axial Lead Type. (1Nj61, for example)
This type is best supported by potting or by printed circuit
boards. Lead mounting (no test experience available) may be
adequate because of the very low mass.

(2) Single-Ended Types. (1N200, for example) It is
necessary that the can be secured rigidly. This can be done by
potting, soldering of the can to the printed circuit board, or

by securing a clip or strap to the printed circuit board. Lead
mounting alone cannot be used.

10. Switches

Since the application is such as to prevent the possibility
of manually operating awitches after the system has been launched,
this discussion will not include toggle or rotary switches or
any actuators which require manual operation.

The primary environmental condition which may cause diffi-
culty is the high altitude. Very little information is available
on the derating of switches for use at 120,000 feet. The limited
tests performed indicate that at 120,000 feet, switches should be
derated to 1/7 of their sea-level voltage rating. If the voltage
to0 be applied is more than 1/9 the sea-level voltage rating of
the awitch, the unit should first be checked out in a vacuum
chamber before it is installed in the eQuipment;

. Many vendors offer a grade of switches which will operate
satisfactorily at 12500. However, this requirément should be
specified in the purchase requisition.

a. Pressure Switches. Satisfactory pressure switches are
available from many vendors, four suppliers being Barksdale,
Cook, United Electric, and Meletron. '
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b. Thermal Switches. Three suppliers of good thermal .
switches are Spencer Thermostat, Stevens Manufacturing Company,
and Fenwal, Indorporated.

Ce Application-AJda. The switches should be mounted so as
to minimize the amount of vibration and shock they are subjected
to. Insofar as possible, they should be mounted so that the
axis of acceleration forces lies in a line perpendicular to the
path of contact travel. It is further recommended that the
switches be shock mounted to minimize the effects of vibration
and shock. '

1ll. Tip Jacks -

Tip jacks as manufactured by Industrial Products Company,
their part mumbers 250 and 144,00, are recommended. These jacks
mount through a 0.25-inch hole. The maximum operating temper-
ature is JOO°F and the maximum peak operating voltage 1000 volts.
Part number 1l);00 is the pressurized type jack. Both types are
available in white oolor.only{ ' ‘

1l2. Transformers and Reactors

With anticipated ambient temperatures of 125°C in ARS,
transformers and reactors employing classes B and H insulation
will be required. Class A insulated transformers and reactors
may be expected to operate for 50,000 hours provided the hot
spot temperature (ambient plus internal rise) does not exceed
105°¢., However, the component life decreases approximately 50
percent with a 10°C rise in hot spot temperature. Accordingly,

the life expectancy for class A is considerably less than
10,000 hours.

Class B insulation has a similar 1life characteristic with
130°C being the critical temperature rather than 105°¢. For
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tranaformers or reactors requiring a large internal temperature
rise, class H insulation will be necessary.. An important con-
sideration in the selection of these transformers 1s that open
core and coll construction provides for cooler operation than
similar transformers or reactors sealed in metallic cans.

No difficult pfoblema are anticipated as a result of the
unusual vibration and shock requirements. However, some care
mst be exercised 1n‘mechanica1.designs employing hypersil
. ecores. These units are smaller and more efficient electrically,
but because the cores are "(C" shaped and the material grain
oriented, specially designed brackets may be nscessary.

Bxcluding possible radiation/efrects, no other problém;
are anticipated.

13. Transistors - Germanium and Silicon

Temperature requirements for ARS preclude the use of
germanium transistors due to their upper temperature limits,.
which range between 75°C and 105°c. Our experience indicates
that only marginal operation can be expected at junction tem-
peratures in excess of 85°¢. Transistor junction temperature
is the sum of the ambient temperature plus the temperature rise
due to power dissipation at the junction.

Transistors employing silicon are ocapable of operating
from.-65° to +200°¢ junction temperature. The technology of
silicon transistors, however, is not as advanced as germanium.
Supplies of adequately pure raw materials are very limited, and
fabrication techniques require considerable refinement. (on-
sequently, the characteristics of the available transistors are
electrically inferior to similar germanium transistors in the
temperature ranges in which germanium is capable of operating.
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Several major development contracts have been let by the Defense
Department to alléviate the present situation.

a. Sealing. All transistors for military applications
should be hermetically sealed, preferably by techniques not
employing solder fluxes. Sealing eliminates moisture and other
contaminents which are capable of impalring or destroying the
transistor, when present even in small quantities., Hermetic
‘gseals will also facilitate operation in low pressure or vacuum,
humidity, and corrosive atmospheres. Transistors are generally
used with low enough potentials, so that breakdown should not a
problem,

b, Vibration and Shock. The transistor generally has amall
mass and size, and no moving partsj hence, it can withstand high-g
shock, vibration or centrifugal forces with no deleterious
effecta. 10 to 20g vibratiomup to 5000 ocycles have produced
no fallures, and 500g shock and 20,000g centrifugal force are
within the range of good low power units. Higher power units
(from 2 to 10 watts) are larger in size and cannot take this
Righ acceleration, although no diffioculty is anticipated on
shoock and vibration fatigue.

c. Radlation. ¥or low intensity radiation the_can acts as
a sufficlient shield and i1s effective in reducing more intense
radiations. High energy radiation, such as cosmic, is capable
of producing both nolse pulses and electrical charactoristic'
changes when present in sufficient quantities. Pending verifi-
cation by test or published data, it 1s felt that flux densities
will not be high enough to cause this sort of damage. Larger
Junction area and higher power transistors will be more sus-

ceptible to this sort of damage than high frequency and low power
units,
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d. Reliability Criteria. The level and stability of the
leakage current (Ico) as a function of time are good measures
of life expectancy. No drift of Ico_is permissible. Aging
transistors at high temperatures has the effect of stabilizing
the units. One company cycles silicon units from -55° ﬁo_+150°c
four or five times, holding the temperature at the limits for
a minimum of 30 minutes. Additlonal aging of all units would
insure that the differences in procedure from vendor to vendor
would be minimized.,

e, Derating, If the device is properly (conservatively)
rated, derating of voltage, current or power dissipation will
not improve life expeotancy characteristics measurably. Caution
must be exerclsed in operating transistors at their upper tem-

. perature ratings, since high temperature will seriously degrade
transistor life.

f. Stability. Temperature stability of the circuit in
which the transistor is used is an important consideration
(probably the most importent) in insuring long life under various
temperature conditions. This points to the necessity for effi-
cient heat transfer and adequate heat sinks; It also emphasizes
proper circuit design.

g. _Vendor Qualification. Certain vendors are known to be
more conservative in rating their products than others. This
variation is due in large measure to incomplete information in
the industry on the effects of rating on life. Because of this,
considerable differences in degree of conservatism can be ex-
pected within & single vendor's line of transistors. Compre-
hensive tests are required to standardize a uniform ratiné system.
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Heat-di§sipaﬁing electron tube shields, as manufactured by
International Electronics Research Corporation (their types Té
and T5), are recommended for the seven and nine-pin miniature
tubes. These shields provide excellent heat dissipation qualities
and provide vibration protection for the tube, with a resultant
inerease in tube life. ‘

1. Tube Shields

C. SURVEY OF NEW MATERIALS

1. Improved Dielectrics

capacitors and other electrical components may benefit from
‘the following materials that show promise for use as dielectrica.

1) OCaseous dielectrics such as sulphur hexafluoride and
" fluorocarbons at two to three atmospheres.
2) Fluorinated liquid dfelectrics. |
3) The following solid dielectrics:
" &) Polyester and mylar (these are already in use, but
" improvement is anticipated.) _
b) Lenosterol (recovered from wool fat), which melts.
. at 141%%.
c¢) Synthetic quartz.
d) “EBxperimental materials including fused silica paper,
~ aluminum silicate paper, reconstituted mica, hot
pressed synthetic mica, phosphate bonded talc)
ferroxcube ceramics, ferroelectric ceramics.
ly) Impregnants such as chlorinated indans.

fabrisating silicon with increased purity for transistor use.
The lower carrier mobility of silicon as compared with germanium
at 25°c makes it a necessary choice only because of its wider
temperature range. It 1s probable that silicon may give way'to

Investigations are in progress leading to methods of . ~
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gome riew material which has optimum operating characteristic
through a wider temperature range. Carbon (diamond) 1s being
evaluated for transistor application. ' '

Considerable effort is being expended by the lndustry to
produce reliasble precision metal film resistors. Future phases
of the ARS program may be able to utilize the improved miniatur-
ized resistors. '

. .Switch contact, brush and rotating seal wear, as well as
long, trouble-free performance of motor bearings are highly de-
pendent ﬁpon a highly ineért, stable lubricant which can be ex-
posed to ambient conditions without evaporation loss. To date,
silicone polymers have been most suitable, although their
lubricity or "oiliness" is not comparable to petroleum products.
A new type silicone oil and grease has been developed by General
Electric Gompanyvfor which boundary lubrication properties
equivalent to petroleum products is claimed (G.E. Versilube).
Several companies also are currently developing extremely stable
lubricants from ¢hlorofluorocarbon compounds, capable of continuous
operation up to 265°C.

Rgcent developments of ceramic face rotating seals promise
positive shaft sealing for long periods without lubrication.

D. HIGH-VACUUM TESTS ON CAPACITORS

l. Types and Quantities Tests

As a result of a survey of the effects of the ARS environ-
mental conditions, a list was compiled of those components
thought to be most capable of surviving such conditions. The
capacitors used in these high-vacuum tests were among those so
listed. Non-availability of some types in the time allotted for
this test limited the quantity and degree of testing. The

»Y . . -2.
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following tjpes and quantities of capacitors were employed for
these tests: _

Subminiature  Paper Bathtube Single Double ‘
Type CP-05 _ Unltss Type CP=53 Tantalum Foil
Qty. MFD. V.Rating Qty. MFD. V. Rating Qty. MFD. V. Rabting
6 .068 oo v 12 .25 600 v 3 9 15V
6 .15 200 v 6 1 600 v 3 36 100V
6 22 hoo v é 2 600 Vv :
6 J7 0 200V

2o Test Procedures

All capacitors were measured initially in room ambient
conditions., The 1, 2, 9 and 36 microfarad capacitors underwent
capacity measurements at e frequency of 60 cpss the remaining
capacitors were measured at a frequency of 1000 cps. All capa-
city measurements were made on General Radio capacity-measuring
equipment. Initial values of insulation resistance were obtained
by means of & Bruel and Kjaer megometer type 3423. Piotorial
diagrams are presented with the data indicating the connections
for such measurements. 0il leakage was observed by means of an
ultraviolet light employed in a dark room, the oil having the
property of appearing an off-white under such light.

The capacitor testing was divided into two parts, all capa-
citors being subjected to both parts and with the same type
measurements recorded after each part as recorded initially,

The first part of the testing consisted of determining
the minimum magnitude of voltage required to break down the ter-
minal-to-case spacing and determining the effects upon the capa-
citors of two hours at a pressure of IO"Mmm of Hg. Voltage
breakdown as a function of ambient air preasure and of element
geomestery and spacing was not tested. The geometéry-of the caps-
citors is fixed by their specifications; our tests would indicate
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actual magnitudes of voltages required to cause breakdown in
practical capacitors. '

A bell-jar vacuum chamber was used that was capable of being
evacuated until an internal ambient pressure of 10~ of Hg was
reached. Calibration of the vacuum chamber pressure was avail-
able only from 10~2 to 10"am of Hg.

The can and the common or negative terminal of the capa-
citor were connected together and grounded. A d-c voltage of
half the rated working voltage was applied between the positive
ﬁerminal and ground at sea level pressure in the vacuum chamber.
The pressure in the chamber was then reduced and the leakage
current was monitored by an RCA ultra sensitive microammeter
{Wv-8ly). If no leakage occurred the pressure was returned to
8ea level preasure and the voltage was increased in 25-volt
increments until leakage occurred. For each change of voltage
the vacuum chamber went through a complete cycle from sea level
pressure to IO'hmm.of Hg. |

Upon completion of the measurement of minimum breakdown
voltage values, all capacitors were left in the bell jar in an
ambient pressure of 10~ of Hg for a period of two hours.
This ended the first part of the testing.

The second part of the testing subjected the capaoitaré to
high case temperatures in addition to the voltage and vacuum
conditions. With the capaclitors at an ambient pressure of 10~
of Hg the case temperature was caused to rise to a value of 125°c
(obtainable by means of radiation and conduction through the use
of a heating element and metal plate within the chamber). Capa-
citor case temperatures were monitored by a thermocouple and
calibrated bridge. Rated voltage was applied when the vacuum
and temperature conditions just described were esteablished. The

3=27
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capacitors remained under such conditions for a period of 15
mimtes, after which they were returned to room embient conditions
and allowed to cool.

B Results

There were no changes in capacity or insulation resistance
values from those recorded lnitially on any capacitor during
the "first part", Ultraviolet light examination revealed no
0il leakage prior to or after this part. A chart follows list-
ing the range of minimum breakdown voltage values obtained for
the particular type capacitors. In no instance was the applied
voltage increased to a value greater than twice the rated value.

Capacitor Voltage .Breakdown Range

Type CPO5 --- (LOOV rating) li25v to 520V
Type CPO5 --- (200V rating) No breakdown up to LOOV
Type CP53 ~-- (600V rating) ooV to L50v
Tantalum --- (75 V rating) No breakdown up to 150V

(100V rating) No breakdown up to 200V.

Tantalum ===

The second part testing revealed no capacitor failures
although a change in insulation resistance was recorded as noted
on the data sheets. |

It appears that these capacitors can function properly'
under the conditions of vacuum and t emperature described, pro-

viding voltage derating is imposed upon those units rated at .
600 volts.

3=%8
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E. ADDITIONAL VOLTAGE BREAKDOWN TESTS

In addition to the envirommental testing of capacitors 1t
‘was deemed desirable to. obtain an indication of the minimum break-
down voltages of other components. Time did not permit an -
elaborate test program but facilities were avallable to allow
such measurements to be made in an ambient air pressure that
allows the minimum voltage arc-over to occur.’

- . In general, the procedure for obtaining minimum voltage
‘breakdown values was the same for all components so tested.
The procedure consisted of applying the rated magnitude of .
voltage (if known) between the two points of interest (described
'below fof each camponent tested), at room smbient air pressure.
Voltage breakdown.points were indlcated by means of an RCA
ultregensitive microammeter type, Wv-8li. Voltege breakdown was
forced upon each component by two means. First, with voltage
applied as above, the ambient air pressure was reduced either
until voltage breakdown ocourred or 10~ of Hg was reached.
If no breakdown was indicated the pressure was increased back
to the room ambient value and the applied voltage increased in
increments of 25 volts and the pressure reduced till breakdown
ocecurred. As a point of interest, the ambient air pressure
allowing for minimum breakdown voltage between parallel, plane

electrodes of any spacing is L +2mm of Hg, roughly equivalent to
an altitude of 120,000 feet. '

2. Results

a. Potentiometers. A group of 16 potenticmeters 1ncludiﬁg
wirewound and composition types and of the miniature and standard
sizes were subjected to voltage-breakdown measurements with the
results as shown in Table 3~3. For each potentiometer the d~c
test voltage was applied between its three terminals (all connected
together) and its shaft. The potentiometers were mousted on an

3=33



PERFORMANCE OF HIGH-POPULATION COMPONENTS

aluminum panel.

b. Tube Sockets. Bix each of the seven-and nine-pin
miniature, steatite sockets were measured. The test voltage
was applied between all adjacent terminals of each socket, the
wiring being so arranged as to prevent breakdown between con-
necting wire rather than between terminals as desired. In all
instances the value of breakdown voltage was within the limits
of 400 and ;25 volts, de. '

¢, Cable Connector. Considering the possible need for
interchasis connections, one 35~terminal AN type environmental-
proof, type E connector was avallable for voltage-breakdown
measurements. The connector was an Amphenol hermetically sealed
type with & specified breakdown rating of 500 volts, rms,
between any two adjacent termlinals. .

Tests showed that [j60 volts, dc, were required to cause breakdown
between adjacent terminals er betweeh the métal shell and the -two ter-
minals closest to the metal shell.

d.. HF Cables and Connectors. 8ix small lengths of coaxial
cable, three with connectors and three open ended, were measured
for minimum voltage breakdown values. All were checked first
with a d-c voltage applied and secondly with 60 cyele ac. None
gave indication of arcover with 4,80 volts dec applied. However,
all broke down at 500 volts dc. The a-c, rms values for breal-
down are given below with the specific cable. Application of the
teat voltage, both dc and ac, was made between the inner and
outer coaxlal conductors at one end of the cables while sub-
merged in oil. The remaining end of the cablés were in the
ambient pressure as mentioned earlier.
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‘ This procedure with the cables was necessary to insure
- that breakdown would not occur at the point of test voltage
application. : '

 MEASURED
| CORNECTOR  BREAKDOWN
‘TAPE NO. COMPONENT - CABLE TYPE TYFE VOLTAGE
1166 Coaxial RG-158/0 ’ ,
Cable (Nylon Jacket) oo v rRMS
1167 Coexial RG~158/0 | |
Cable - (Kel~F Jacket) o 40O v RMS
1168 Coaxial RG=158/U |
Cable (Teflon Jacket) 360 V RMS
1169 Cable Amphenol 50 ohm Dage CBSN
Assembly 60 mil DOD 1-352 320 -
1170 Cable Amphenol 50 ohm  Dage CBSN
Assembly 1-317-1 320
1171 dable Amphenol 93 ohm = Auto CBWT
Assembly 60 mil DOD RFP-0280 Loo
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CHAPTER IV

'PERFORMANCE OF BATTERY POWER SUPPLIES'

A. REQUIREMENTS FOR BATTERIES TO BE USED IN ARS VEHICLES

Early vehiclea will require power for transponders, clock ¢
and order storage, a television camera, a television communica-
tion transmitter, attitude stabilizalion, and seientific appa-
ratus. '
l. Reliability

Rellability 1s of prime importance. Once in orhit the
vehicle becomes entirely dependent on the batteries for its
operation, Early vehicles will not be able to recharge batteries;
when the batteries are exhausted the vehicles will not be able to
supply any information to the ground stations and will be without
attitude stabilizstion. Later vehicles are expacted to be able
“to sharge -the batteries once during each orbit while on the side
toward the sun, This arrangement will allow n smaller battery to
be used, but its dapendence on the oharging facility may make it
less reliable than where batteries alone are used. The smallest
possible battery supply would'!und'enough capacity to carry the
pesk power load and to provide sufficient watt-hours t-~ iast be~
tween charge cycles. Such a battery would provide the vshicle
with power for only one orbit after the charging facility had
failed, From the standpoint of obtaining the greatest reliabllity
the battery capacity should be as high as weight allowance will o
permit, This would provide the longest possible time of opera- .
tion in the event eof fallure of the charging fasility. Another °
fact that will affect reliability is that when either solar battery
or thermocouple charging is used it becomes necessary to provide
some sort of disconmneeting device to prevent the battery from dis«
charging into the charger during the dark periods,
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The cells which comprise the battery power supply should

be arranged to provide the grestest possible redundancy. For ex-
ample, connecting the cells in multiple strings in parallel rather
than all in series. Rellability requirements for satellite opera-
tion are several orders of magnitude greater than that being at-
tained with ocurrent airborne electronics equipment. It is general-.
ly conceded that-reliability and simplicity usually go together,
. It follows that considerable emphasis must be placed on keeping
the syastem as simple as posaible.

2. Iﬁpprtance of High Watt-Hours per Pound Ratio

In earlier fehicles no charging facility will be provided
and the capacity of the battery will determine how long the ve-
‘hicle will operate. The payload of sarlier vehicles will be dras-
tically limited in order to insure sufficlent fuel capacity for
ascent, Weight of batteriles allowed will thus be very limited
and in order to provide the longest operation, it will be neces-
sary to use batteries having a high watt-hours per pound figure.
Any increase in this figure will provide longer operation of the
vehicle ~

3, Temperature

' The batteries must be able to operate over as-wide a range
of temperatures as possible because exact figures for the environ-
mental tempersture have not been measured. Calculations show that
the average temperature to be expected within the container hous-
ing the batteries will vary between the limits of approximately
+50°C at the completion of the ascent snd approximately +27°G after
the fifteenth revolution around the earth. Thereafter, the indi-
cstion is that this value of +27°C will remain constant, In thev
calculations it was assumed that no heat would be generated in
the batteries,




PERFORMANCE OF BATTERY POWER SUPPLIES

Q. Vacuum

.Operation in g vacuum is necessary and batteries which will
not provide satisfactory operation under this econdition for their .
- normal life will require some sort of pressurized container, Most
batteries give off gas and if a pressurized container is used it
must be provided with a pressure relief valve, The pressure must
not be allowed to become low enough to approach the value at
which the battery electrolyte will boil. For example, the boil-
ing point of a Ll percent solution of KOH at 760" mm of Hg is
130°C and at 50,000 foot altitude the boiling point for this solu~-
tion is reduced to 6h°C. The reliability of the complete pres-
surized system must be as high as possible.

5 Shock and Vibration

It 1s expected that the greatest acceleration, vibration and
shock will be encountered during the ascent of the vehicle, The
measursements that have been made thus far indicete that these
forces will not be destructive, Acceleration forces are expected
~ not to exceed a steady state'valug of 10g with an a-c component
of 10g up to 1500 cps and having a maximum amplitude at low fre-

quencies below 10 cps., It is expected that the forces encounter-
ed in ordit will be insignificant,

6. QGravitational Forces

Once the vehicle is stabllized in its orbital path, centri-
fugal force will completely nullify the force of gravity. This
means that no processes can be utilized which depend on the force
of gravity for their operation., An example of such a process is
an electromagnetically ‘actuated relay armature which depends on
gravitional foree for its return to the unenergized position.
Perhaps batteries which contain a liquid electrolyte may :.not func-
tion for extended peribda in the absence of gravity. Tesats of -

components for the effect of the absence of gravity cannot be
made for obvious ressons.

|
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. PERFORMANCE OF BATTERY POWER SUPPLIES

7. Quantity of Batteries Reguired

For the early type of vehicle, computations have been made

to determine the quantity of batterles required. Figure 4-1
shows these data in the form of pounds of batteries versus time
for several methods of operation, These figures are based on
using a battery which develops 50 watt-hours per pound of waight.
Table l4-1 is a tabulation of the various quantities that were
compiled to form the basis for Figure lj~-1, It should be noted
that where the number of cells is shown, the figures are based
on a developmental cell which is probably smaller in size than
the cell that would actually be used. This tends to make the
"number of cells™ figure much higher than if a larger size of
cell were used, It does not affect the total pounds of battefy
required since this figure is based on watt-hours per pound.

B, TYPES OF BATTERIES TESTED

Four types of batteries were investigated., These types
were chosen on the basis of manufacturer's ratings which indi-
cated possible suitability for satellite operation.

The four types consisted of:

1) RCA; an 1mproved form of dry cell, now in the experi-
mental stage.

2) Mallory; mercury cell

3) Yardney; silvercell

}) Nickel-cadmium cells manufactured under trade names of
Voltabloe, Gould, Deeac,

This group of the four types of cells is representative of
the current types available and includes both rechargeable and
non-rechargeable types, Both types are of interest since early
ARS vehicles will not have facility for charging batteries while
later vehicles will contain solar energy conversion equipment for
this purpose. Silvercells may be recharged a limited number of
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Figure -1, Battéry Weipht ve Time for Several Methods of
Operation
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PERFORMANCE OF BATTERY POWER S

times and nickel-cadmium batteries may be recharged an indefinite
number of times.

1. Manufacturer's Ratings

Tables 4-2 and Y4~3 indicate the manufacturer's data on all of
the cell types tested. These data were obtained from catalogs
except in the case of the RCA cells, For these, no information
has been published and the figures have been compiled as the
cells were tested. It should be remembered that where figures
are given for the performance of batteries, the conditiona of
load and enviromment should be specified, Catalog figures often
are based on optimum conditions which show the best performance
figures. To obtain some idea of the internal resistance of the
four types of cells investigated, cell vqltage versus load cur-
rent was plotted as Figure }j-2. These data apply only to the
varticular size of cell given on the curve. It can be said,
however, that the mercury, nickel-cadmium, and silver zinc bat-

 teries have. lower internal resistance for a given physical size

than does the dry cell. Low internal resistance is desirable
where high peak load currents are needed but is not important
when a suitable load is used.

2. Chemical Reactions in the Cells Testodl 2

8, Mercury Cell The cathode and depolarizer of the mer-
cury cell is composed of mercuric oxide, HgO, and graphite. The
graphite is added to improve the electricsl conductivity. The
anode is composed Qf zinc, which is amalgamated to reduce local
action. The electrolyte has three constitueiits, potassium hydrox-
ide, KOH; zincste, K,Zn0O,; and water. The KOH serves as the con-
ducting medium; the K22n02 reduces the gassing; the water takes
part in the reaction., The reaction &s given in the reference is:

At anode: '

Zn + 20H" —3Zn(0H), + 26 =700 + Hy0 + 2¢




A - MANUFACTURER'S RATINGS -~ 3 BATTERY TYPES '

o | i . Cell Identitj _

..... o ) " RCA Mallory | Yardney -

' ‘ Type C Type RM-L2R Type LR-5
Volts . .1,20 1.34 - "1,50

—Hours 0,18 4.0 v 7.2 for
e - , 0.50

Watt-Hours 3.3 18.9 | 10.8

Watt-Hours . ,-"908 51.6 hl.9
Per Pound

o | ‘
Welght in |
1,06 5.85 .1
o | | 413
Dimehs:lons : . :
Height 2.0" ‘ 2.375" 3.00"
Width : ———} eee-- 2.08"

- Depth T 0.80" k
Diameter 0.938" 1.190" ———
Volume in 4 ~

1.38 2,6 .0

Cubic Inches ' : 4 _ ’ 5.05
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TABLE 43

X

e e ]

MANUFACTURER'S RATINGS - ON NICKEL CADMIUM BATTERTES

mamaccoscan
: _ Cell Identity
Volta-Gould Button — DE A——%- .
gy S > ( -
Vol 32 23 450D | 220D {150DK { 120DK | 9ODK |60DK
Volts 1.4 | 1.8 | 1.8 | 1.5 1.8 | 1.5 | 1.8 | 1.8 | 1.5
Amp-Hours i 0.175| 0.080 |0.450 {0,220 {0,150 | 0,120 | 0,090|0,060
Watt-Hours | 5.6 [0.262 |0.120/0.675 |0.330 |0.225 |0.180 {0.135|0.090
Wat’t-Eours' . : | » |
- 801 Ol l . 00 oo [ ) [ 3 .
Por Pound 14.9 51 9.15| 13.5 }12 16,927 8.29 | 11.7
Weight in -
Ounces 6.0 |0.515 | 0,208} 0,795|0.441 |0.336 0,304 | 0,256 (0.123
Dimensions
Height (3132" -- - 246" 1 1/2" -- -— | - -
Width  P1¥32 311/3'2" 5/32"| -- | -- {7/32" |7/32" |5/32"|.7/32"
Depth 17/32% -- — ] - | -- -- - -] -
Diameter | -- [L 1/4" 7/8"|17/32"|17/32"|31/32"|31/32"| 31/32" 19/32
| Volume in : :
Cubic 5.50 [0.422 | 0,09} {0.512 | 0,332 |0,162 |0.162 |0.116 |0.0675
Inches ‘ v
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CONFIDENTIAL

PERFORMANCE OF BATTERY POWER SUPPLIES

At cathode:
HgO + H,0 + 2e~—-pHg + 20H

Combined Reaction:
Zn + H,0 + Hg0 —3 Zn0 + H,0 + Hg
| charged discharged

/

b. Nickel-Cadmium Cell, The anode is cadmium; the cathode
is a nickel oxide, N1203; the electrolyte 1s.potassium hydroxide,
KOH., The exact reaction was not established as of 1955, Two
theories were presented in reference 2., They are:

1) €4 + N1203<——> Cd0 + 2N10 (main reaction)

Ca + Ni0, ——> C40 + Ni0 (secondary reaction)

charge § discharge

'2) 2§1 (0H)y . SH,0 + 2KOH + 04 ——>2N1(OH), . 6H0 +

S
charge . 2KOH + 2H,0 + Cd0
' discharge

¢, Yardney - Silvercell. The anode material is zinc; the
cathode 1s elther AgO or_AgZOZ; the electrolyte is KOH, The 1lit-
erature distributed by Yardney (apparently used as source material .
for reference 2) shows the reaction to be:
Ag0 + Zn + H,0 > Ag + Zn(OH)2
charged discharged

A more detalled dilscussion of the silver-oxide battery is avail-
able that differs somewhat from the Yardney theory. Referencel
contains thls discussion and gives the following two-stage re-

action: Agp0, + 2KOH + Zn —) K,Zn0, + H,0 + Ag,0

Ag‘éo + ZKOH + zZnh —P &-sz-a + sz"# 2Ag
The two stages offer an explanation of the two-plateau discharge '
characteristic of the cell, The higher voltage is present during

the first stage which involves the Agy0,. The voltage drops when
the second reaction is taking place, If the discharge rate is

IrPrimary Batteries - Vinal
2 Storage Batteries -~ Vinal
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‘high enough the first level is mnot noticeable. If the elgctro-
lyte is saturated with KZZnOZ’ Zn0 will be formed instead of
KéZnOz.

d. RCA Cell. The chemistry of the Type A RCA experimental

cell must be considered as company confidential at the present
tims,

- ¢, TEMPERATURE TESTS

1. Purpose and Conditions

These tests were performed to obtain the voltage versus time
characteristic of each cell under load and the total watt-hours
per pound of the cell at various temperatures. The loads on the
cells were selected so as to discharge the cells in approximately
100 hours, This current drain is grester than that required in
the vehicle but this rate was necessary to permit the completion
of the tests within a redsonable time. The temperatures for the
tests were selected to cover more than the expected temperature
range to be experienced in the vehicle, Tests were made at»+60°c,
+40°C, +22°C (room temperature), +10°C, 0°C, -10°C, and -20°C.
quls'tested were RCA/developmental, Mallory/mercury, Yardney/
8ilvercell and the nickel-cadmium cells Voltabloc, Gould and Deac.,

2. Test Equipment for Temperature Tests

a, Test Chamber. Except for the room temperature test, all
runs ‘in the range -20°C to +60°C were performed in a chamber about
four feet long, three feet wide and three feet high., (See Figures
4-3 and 4-4) Specifically designed f or use in making hot and cold
tests, it was built in three main sections. The largest section, |
occupying about two~thirds of the total volume, held the speci-
mens under test. Adjacent to this section was a cabinet about half
the size of the remalining volume which held the dry ice for the
cold runs, The remaining’section, located below the ice cabinet,
contained a heater and a fan. A special door regulated the cir-
culation between the ice cabinet and the fan, Circulation between

y-12
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_ Figure }-3
Temperature Control Cabinet, Exterior View

4-13
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Figure }-}

Temperatire Control Cabinet, Interiop View Showing
Batteries Undergoing Life Test at 0°C
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the ice cabinet and the testing area was regulated by a damper
and a circulsting fan.

Thb temperature was measured with a thermocouple and a
bridge during the heat runs; a thermocouple and VIVM were used
during the cold runs. To insure the most accurate reading, the
lunction of the thermocduple was affixed directly to one of the
batteries'being tested. The temperature in the testing area was
regulated by a thermostat which controlled the position of the
" damper and the operation of the heater and fan, With this ap-
proach‘it was possible to hold the temperature to within 32°C
of the deaired value., In hot runs the fan operated continuously
whereas the heater was energized only when the temperature
dropped below the desired value, In cold runs the ice cabinetl
- was loaded to capacity with dry ice and natural convection carried
cool air through the daﬁper door (between the ice cabinet and fan)
to the batteries. When this reduced the temperature in the test
area below the desired value, the fan and the heater were turned
on until the temperature rose to the proper value. Once tem-
perature equilibrium was established the box was able to regﬁlate
continuously. ’

Leads were affixed tothe battery terminals and brought out
to a terminal board on the side of the box where the voltage read-
ings were made., For most of the runs a recording voltmeter ran
continuously giving a permanent record of the battery voltages.

b, Mountings. Special mountings to hold the batteries dur-
ing the temperature runs were designed for each battery type with
the following objectives in mind:

1) To provide a stable support

2) To insure permanent contact between the battery and the
" load

3) To avoid soldering the load resistors directly to the
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batteries since the heat generated during such a procasé
could be harmful to battery operation.

The objeotives noted in (2) and (3) were obtained in a manner
best sulted to the particular battery type. The light weight RCA
cells were inserted between a dombination support-contact, which
made contact around the entire circumference of the battery, and
a spring-type contact which pressed firmly against the positive
terminal, Leads were jolned to these contacts. It was to -these

'points that the load was soldered as}wére the leads which were

brought outside the box for the purpose of recording voltages.
For the heavier Mallory cells a stronger support of bakelite was

- utilized. Here too, a spring-type arm pressed against the posi-

tive terminal over a broad area. A metal bar with & eritically
located projection was bolted tightly on the bakelite mounting

so that this projection was placed tightly on the negative termi-
nal. Leads were brought from the metal bar and the spring cohneo-
tion to the load. The contacts to the Yardney batteries were
considerablyAsimplef. The batteries were placed side by side‘for
support and a series of links made one common connection to thé
negative terminals, In this case the load resistors had special

terminals joined to them, These were bolted to the positive ter-

minals while the other end was soldered to a lead paralleling the
connecting links to prevent soldering directly to the terminsals,

The Voltabloc cells were also placed side by side for support
(insulated from each other) and were loaded with resistors having
terminals just as was done by the Yardney batteries. All the
Gould Button and Deac cells were mounted on one bakelite stand
with spring clips on both terminals for the button cells, A~
similar type of arrangement was used for cylindrical cells which
had a clip for one of its terminsls. Here too the resistors had
terminals and were bolted to the back of the above-mentioned

spring clips.

4-16
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Note that t he load resistors were nlaced in the same environ-
ment as the batteries so that the entire system experienced iden-
tical conditions, Before starting a life test the system was
allowed to reach the desired temperature and then the load resis-
tors were connected and the load voltages recorded. Resistance
values were also measured when the resistors were at the parti-
cular temperature of the test at the conclusion of the run,

3. Factors Consldered

a. Load Resistors. Choice of the proper load resistor pre-
sented a conflict of interests. The more desirable cholce would
have been to discharge the batteries 1in approximately one month
or about the same time that would be required of them in actusl
use, This was lmpractical because the large number of tests
required over a wide range of temperatures did not permit more
than an average of 100 hours per test, The value of the load re-
sistance was calculated on the basis of the nominal manufacturer's
rating. '

At the higher temperatures the internal resistance is at
least as small as the internal resistance at room temperaturé
so that an accelerated test with i1ts higher current drain would
still allow the cell to deliver most of its charge before the
terminal voltage reached the minimum tolerable value.

At the lower temperatures, however, the internal resistance
of some of the batteries is increased. This means that the larger
the current drain the more quickly the terminal voltage will fall
with less chance that the full capacity of the cell will be de-
livered. As a result the watt-hour figures given below for low
temperature runs may be much lower than that obtainable for the
lower current drains which would occur in the actual intended use,
In other words, the low temperature data are pessimistic,
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b. Minimum Tolerable (End Point) Voltage, This was chosen
according to the particular battery type.

The Yardney/Silvercell voltage-versus-time characteristic
consists of two plateaus with the voltage at the last of these
being a function of temperature. For these cells, then, the
end point voltage was that at which the value of the last plaﬁeau
- diminished sharply from its average value,

Plateaus are not so evident in the case of either the RCA or
the Mallory battery. The end point for these two types, then, is
that at which the voltage begins 1ts final sudden drop. This vol-
tage occurs at different values depending upon the temperature.
A number of different end points were considered for theae‘two
cell types. |

c. Watt-Hours Determination. This quantity was computed on
"an hourly basias by considering the hourly voltage reading as the
average voltage for that time period. This gives a more accurate
watt-hour total than if just the end voltage were utllized,

A chemical scale was available for determining the weight of
the various types of cells so that watt-hours per pound could be
computed. These welghts are as follows:

RCA 30 grams
Yardney 12} grams
Mallory (without paper cover) = 16l grams

"

Voltabloec VO = 170 grems
Gould Button Type 32 B = 1} .6 grams
| ' Type 23 B = 5,9 grams
Deac Type 450 D = 22,6 grams
Deac Type 220 D ' grams
Deac Type 150 DK grams
Deac Type 120 DK grams
Deac Type 90 DK grams

Deac Type 60 DK grams
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4. Experimental Procedure

a. Readings of load voltage were not taken until the cells
reached the equilibrium temperature, Resistance values wers also
read under these conditions. '

b, Voltages were read at least once every hour and more
often where rapid changes occurred during the working day. A
recording voltmeter equipped to read 2l channels recorded the
voltages once an hour day and night, '

5. Test Results

a8, Room Temperature Test Results. The room temperature data
are nsed as the basis of comparison in the presentation of the
test results because present indications are that the average
vehicle temperature will be in this vicinity.

The voltage-versus-time characteristics sre vital factors in
determining the suitability of a particular battery for performing
a certain task under specialized environmental conditions., Figs.
4-5, 4-6, 4-7, and }4-8 1llustrate the best performance of the cells
for the entire temperature range studied. (See alsoc Table L-l.)

The RCA and the Mallory batteries are charactarized by operation
at an almost constant level for most of the discharge. Almost
immedietely upon leaving this level both battery types dropped

to voltages helow the useful-power level., The Yardney cell dif-
fers radically from the other types in that its discharge is '
characterized by two plateaus, the first occurring at about 1,80
volts and the second and longer at about 1.50 volts. Upon leav-
ing the last plateau the fall-off is quite rapid. The choice of
end voltages therefore was automatic, For the RCA it was no more
than 1,00 volt, for the Mallory no mecre than 1.10 volts and for
the Yardney no more or less than 1,50 volts, Choice of end volt-
ages as low as 0,80 volt for the RCA and 1,00 volt for the Mallory -
would improve the watt-hour figures by less than two percent.
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TABLE L-U4
-Results at +22°c

CELL END WATT-HOURS  WATT-HOURS PER
IDENTITY VOLTAGE | POUND

RCA BATTERY (50-0HM LOAD)

243 1.00 4.05 61.1
290 1.00 Ly, 00 60,5
243 . 0.90 .08 61.9
290 0,80 4.07 61.8
MALLORY BATTERY (10-OHM LOAD)

7 1.10 18.7 51,5
8 1.10 17.0 L7.0
7 | 1.00 © 19,0 ' 52.5
8 1.00 17.2 47.6

YARDNEY BATTERY (10-OHM LOAD) (FIRST CYCLE)

2 1.50 13.2 48.3

3 1.50 113.8 ~ 50.5
(6-0HM LOAD)

3 1.50 11.3 41.3

5 1.50 11,2 40.9
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PERFORMANCE OF BATTERY POWER SUPPLIES

The encouraging results given above for watt-hours per pound
and discharge performance are somewhat dimmed for the RCA and
Yardney cells by the physical effects of the discharge process,
Near the end of the load test it was observed that cracks appear-
ed in the case of the RCA cell indicating that the case itself
was being consumed in a chemical reaction with the ingredients
inside the cell. The result was the formation of gray furry
projections along various portions of the case. These couid
not be tolerated in actual operation as they could easily cause
shorts between cells,

The Yardney cells upon being charged in the .forming process
and also upon discharge deposit a blue-gray powder from the zinc
or negative plates, Should there be a violent movement of the
battery it would be possible for the electrolyte to transfer this
powder over the jacket which separates the positive and negative
plates and in doing so short the plates. ’

b. Results of the ,0°C Temperature Test. The voltage char-
scteristics are given in Figures }4-9, 4-10, and 4-11. (See also
Table 4-5,) The disappointing performence watt-hourwise of the
RCA and Yardney cells wili be covered below in the summary of -
temperature tests,

Both the RCA and the Mallory cells operated at higher load
voltages than they did at +22°C, This is partly the result of
the lower internal resistance at the higher temperature for the
same current drain. The Mallory cell showed little change from
the +22°C values in watt-hours because the initial increase in
voltage output was offset by a pronounced tail-off long before
the sudden drop occurred at the 1.10 volt end point. All the
RCA cells suffered the same severe undesirable alteration in the
discharge curve, The voltage outpuf'would remain almost con-
stant at an average value of 1.22 volts until it would rise sud-

denly and then plunge well below 1,00 volt. The watt-hour total

h-25
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PERFORMANCE OF BATTERY POWER SUPPLIES

TABLE -5
RESULTS AT +)0°C

CELL IDENTITY END VOLTAGE WATT-HOURS = WATT-HOURS PER POUND
RCA BATTERY (50-0HM LOAD)

1 1.00 - - 2,97 4.9

2 1.00 3.33 50.3

3 1.00 3.56 53.7

N 1.00 3.32 50.2

5 1.00 3.17 47.8

6 : 1.00 3.41 51.5

MALLORY BATTERY (10-OHM LOAD)

11 ' 1.10 18.Y 50.8

12 1.10 18.6 . 51.}

13 1.10 19.1 52.7

1 . 1.10 18.3 50.5
YARDNEY BATTERY (22-0HM LOAD) (FIRST CYCLE)

7 1.50 10.2 37.0

8 1.50 9.19 33.6

9 1.50 © 9,96 36.5

10 1.50 9.20 33.7

11 1.50 8.00 29.2

12 1.50 8.93. 32.7
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suffered because the useful discharge period was only 75 percent
as long as at +22°.

The Yafdney cell was loaded with a 22-ohm resistor in this
test whereas a 10-ohm load resistor was used at +22°C. The drain
at +40°C was less than half that at +22°C. One would then ex-
pect that this would mean an increase in watt-hours, but this was
not the case, Although the period of discharge was lengthened,
performance at +hO°C was not comparable to that obtained at room
temperature. '

A note on the +40°C heat run on the Mallory cells under load.
After the 102nd hour no readings were taken of the Mallory cell
voltages until the 137th hour, During this interval all of the
cell voltages dropped from about 1.16 volts to appreciably less
than 1.0 volt. In order to obtain a reasonable approximation to
the total watt-hours the following procedure was used: From pre-
vious tests, notably the +22% run, it was observed that the volt-
ages of these cells took approximately 10 hours to fall to their
final low voltages after reaching about 1.1 volts. On this basis
- 1t was declded to give all the voltage-versus-time curves the same
slope between the end point and 137 hours. This section, shown
dotted in Figure }-11, has approximately the same slope as that
found during the +22°C test for the same region of voltages., From
these curves total watt-hours were determined.

c. Results of the +60° Temperature Test. At +60°C the pheno-
menon of increased initiel load voltage over that at room tempefa-
ture is even more pronounced than at hOOG. (See Figures 4-12,
"}-13, and l-1l and Table -4-6.) Here again the Mallory cell failed
to-improve its watt-hour figures because of a more pronounced
tail-off and quicker drop below the end voltage (1.10 volts),
Performance of the RCA cell at +60°C was much improved from a
watt-hours and discharge characteristic standpoint. The Yardney
cells produced almost identical results to those at +h0°C.

4-30
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PERFORMANCE OF BATTERY POWER SUPPLIES

TABLE h-6
RESULTS AT +60°C

CELL IDENTITY END VOLTAGE WATT-HOURS WATT-HOURS PER POUND
RCA BATTERY (50-OHM LOAD) S

7 1.00 3.45 52.1

8 1.00 3.72 56.1

9 - 1.00 Ly Ol 61,0

10 ' 1.00 , 3.8 58,0

11 1,00 3.66 - 55.3

12 1.00 3.49 52.8

MALLORY BATTERY (10-O0HM LOAD)

15 _ 1,10 17.9 49.5

16 1.10 18,4 50.9

7 | 1.10 17.6 48.5

18 ~ 1.10 : 18.9 52.1

..... 19 11,10 18.9 52,1

20 ' 1.10 17.3 47.8
YARDNEY BATTERY (22-OHM LOAD) (FIRST CYCLE)

13 1.50 . 8,70 31.8

1 1.50 9.79 35.7

15 1.50 9.08 33.1

16 1.50 10,42 38,0

17 1.50 9.61 35.1

18 ' 1.50 8.33 30.4
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With one exception the physical effects on all the cells were
the same as reported for the 22°C run. At +60°C the wax seal on
some of the RCA cells showed signs of blistering. This effect
may have provided a leakage path for some of the moisture. Work
is still being carried out to determine the most suitable seal
for a particular temperature rarge.

All previous indications were that battery operation would
be more seriously affected by the lower temperatures so these
were taken in 10° intervals,

TABLE 4-7
: Results at -20°C
RCA BATTERY (50-0HM LOAD)
CELL IDENTITY END VOLTAGE WATT-HOURS WATT-HOURS PER POUND

D 1.0 0,763 11.5
K 1.0 0.618 9.35
D 0.92 - 0.892 13.1
K 0.92 0.699 10.6

YARDNEY BATTERY (10~OHM LOAD) (SECOND CYCLE)

2 1.20 2.74 10.0
3 1.2 4.30 | 15.7
L 1.21 S.70 20.8
5 1.21 6.62 2.2
6 l1.22 . 5.26 19.2

d. Results of the -20°C Test. The -20°C test was the lowest
temperature test performed. No Mallory cells were tested at this
temperature since the cells were found to fdil at -10°C. The
Yardney and the RCA cells suffered badly at.-20°C. (See Figures
4-15 and 4-16 and Table L-7.) The discharge characteristic of
the Yardney cell would be totally unsuitable at this temperature
as 1t does not maintain a constant voltage for a reasonable time,
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PERFORMANCE OF BATTERY POWER SUPPLIES

The RCA cells also were characterized by a constantly changing
vdltage which never maintains itself over 1,10 volts, The fallure
of these cells to operate successfully 1s finslly borne out by
their low watt-hour per pound figures,

TABLE Y-8
Results at -10°C
RCA BATTERY (50-OHM LOAD)
CELL IDENTITY END VOLTAGE WATT-HOURS WATT-HOURS PER POUND

A 1.00 1.43 21.6
B 1.00 1.34 20.3
G 1.00 1.34 20.3
H 1.00 1.79 27.0
A 0.90 1.77 26,7
H 0.90 1.73 26,2
B 0.80 1.62 2y.5
G . 0.80 1.85 29,0
H 0.80 2.09 31.6

MALLORY BATTERY (10-OHM LOAD)

5 0.80 0.33 0.91

6 0.80 ‘ 0.25 0.69
YARDNEY BATTERY (39-OHM LOAD) (FIRST CYCLE) _

1 1.50 7.8 | 28,5 -

L 1.50 7.8 28.5

e. Results of the -10°C Test. Results of the -10°C test sre:
shown in Figures 4-17, ,-18 and 4-19 and Table 4-8. At -10°C the
fallure of the Mallory cell to withstand low temperatures is
clearly demonstrated. Performance of the RCA cell is considerably
improved although its voltage 1s never above 1.20 volts, In this
case the tail-off is not as sharp as it was at +22°C so that choice
of end voltages lower than 1,00 volt have a considerable effect on
the watt-hours per pound .

4-38
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FERFORMANCE OF BATTERY POWER SUPPLIES

The .10oad was such that the Yardney cell required only one
quarter the current that it did at ~20°C and half as much as at
+22°C., This accounts for the much longer discharge time at -10%
than at +22°C, The fact that this test did not yileld the watt-
hours produced at +22°¢ can probaebly be explained by the incréasgd
internal resistance of the cell, Even though the current 1is
smaller at the low temperature tests the voltege plateaus occur
at lower levels than they did at +22°C, This can be attributed
to the increased internal resistance which causes more voltage
drop for a given current. Thus, the load voltage‘falls below
1ts last useful level before ths cell can be completely discharged.

f. Results of the 0°C Test. Results of the 0°C test are
shown in Table -9, At 0°C the inability of the Mallory cell to
deliver powser at useful voltages at low temperatures is clearly
demonstrated in Pigure l-2li. The RCA cell (Figures 4-20 and
1-21) show a small increase in watt-hours from -10°C although ths
‘voltage characteristics are simlilar, both having a long tail-off,
thus makingAtha cholce of end points somewhat arbitrary. The
Yardney performance (Figures 4-22 and }-23) does not match that-
"at room température although diéchargo is longer than at room
temperature (for similar reasons noted under the -10°C tests)
with the 22-ohm load.

g, Results of Tests on Nickel-Cadmium Cells. The entire
group of nickel-cadmium cells was provided with load resistors
that would discharge them in approximately five hours. Flgures
425 through 4-33 show the typical performance of the cells
tested. In most cases the voltages were constant for five haurs,
but then dropped to useless values in a matter of minutes. It 1s
believed that these gells, being rechargeable would be more
successful where they oould be operated in conjunction with charg-
ing facilities such as a solar battery installation,
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TABLE L-9
RESULTS AT 0°C

CELL IDENTITY END VOLTAGE WATT<HOURS WATT-HOURS PER POUND
RCA BATTERY (50-0HM LOAD)

237 1.0 2.12 ~ 32.1
239 1.0 0.61 9.2
13 1.0 1,72 26.0
1Y 1.0 S 1.6 22.1
15 1.0 1.62 . 24 .4
16 1.0 1.9 29.4
17 . 1.0 1.78 26.8
18 1.0 1.6h 24.8
237 : 0.8 32.9
239 0.8 26.0

'MALLORY BATTERY (10-OHM LOAD)
21 “1,10 0.21 0.58

22 1.10 © 0,39 1.08

23 ' 1,10 1 0.38 1.05
2 1.10 0,28 0.77
25 1.10 0.27 0.75
26 . 1.10 0.15 0.42

YARDNEY BATTERY (6-OHM LOAD) (THIRD CYCLE)
2 1.40 9.25 33.8
4 1l.40 9.25 33.8
6 1.40 9.96 36.4

L(22-0HM LOAD) (FIRST CYCLE)
19 1.50 8.07 - 29.4
20 1.50 7.55 27.6
21 1.50 - . 8,28 30.2
22 1.50 8.58 31.3
23 1.50 8.13 29.6
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PERFORMA BATTERY POWER SUPPLIES

TABLE 4-10
RESULTS OF 0°C TEST ON VOLTABLOC,
GOULD BUTTON AND DEAC CELLS

CELL TYPE END VOLTAGE WATT-HOURS .WATT-HOURS PER POUND

voy 0.13 4.1l 11,0
0.13 4.48 11.9
0.06 5.01 13.4
GB32B 0.32 0.195 | 6.05
0.76 0.216 6.71
0.82 0.230 7.15
GN23B 0.08 0.082 6.29
0.80 0.102 7.74
0.10 0.0918 7.02
DEAC 450D 0.725 0.348 7.00
0.6l 0.29Y 5.90
0.74 0.354 7.11
DEAC 220D 0.78 0.172 6.21
0.88 0.188 6.83
0.928 0.189 6.87
DEAC 150DK 1.1 0.178 8.22
1.13 0.183 8.65
DEAC 120DK  0.37 0.139 7.15
o.h41 0.133 6.88
0.ul 0.147 7.60
DEAC 190DK  0.52 0.106 6.52
0.56 0.108 6.6l
0.59 0.108 6.6Y4
DEAC 60DK 0.92 0.0646 8.38
1.03 0,0700 9.06
0.96 8.58




PERFORMANCE OF BATTERY POWER SUPPLIES

From the tabulated data (Table 4-10) it is obvious that all
the cells suffered seriously at 0°C, The watt-hour per pound
figures in no case are within lj percent of the rated values and in
most instances are down approximately 20 percent. The variation
in end voltages is due to the fallure of the cells after the con-
clusion of the working day.

TABLE }4-11
Results at +10°C

CELL IDENTITY END VOLTAGE WATT-HOURS WATT-HOURS PER POUND
RCA BATTERY (50-0HM LOAD)

I 1,00 2.6 39.8
L 1.00 2.32 -~ .. 35.0

MALLORY (10-OHM LOAD)

3 _ 1.10 - 12.5 34.4
4 1.10 12.8 | 35.2

h, Results of the +10°C Test. (See Table 4-11) No Yardney
cells were tested at +10°0 because the results of the +22°C and
0°C runs suffice to fill in the performance capabilities of this
cell, The RCA voltage characteristic (Figure l-3l) is superior to
that at 0°C in respect to the magnitude of the voltage, levelness
and duration of the discharge. Whereas operation at 0°c 1s poor
for the Mallory cell (Figure l-35) 1ts operation is considerably
improved at +10°C, The low temperature 1limit for the Hallory'
battery is therefore between 0°C and +10°C, Both the RCA and the

Mallory cells fall considerably short of matching room temperature
performance,

i. Physical Effects of Temperature Tests. The Mallory cells
show no undesirable physical effects from the cold tests. The
Yardney cells continue to deposit the blﬁe-gray matter from the
negative plates, The same Yardney cells were used in a number of
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PERFORMANCE OF BATTERY POWER SUPPLIES

different tests so that there was some deterioration of the cells
with each succeeding test. After the first test with these cells
(at -10°C) it was found that cell YI had shorted. This was caused
by the excessive deposits of the blue-gray powder. After the
second discharge Y2 at -20°C 1t was found that this cell had in-
ternal shorts. Subsequent tests failed to show simllar failures
in an additional quentity of 18 Yardney cells. The RCA cells

also continued to suffer from the chemical reactions which destroy-
ed the cell casing, At lower temperatures the effect was less
pronounced and in many cases was much more in evidence near the
ends of the cell where the wax seal joined the case. Upon being
exposed to the warmer temperatures the reaction was stimulated _'
and more of the case was engulfed in the reaction,

6. Summary of Temperature Tests:

FPigure }j-36 shows watt-hours per pound as a function of tem-
perature, These notes apply to Figure L-36: '

1) RCA battery - all points are for 1,0 volt end point

2) Mallory battery - the -10°C is for 0.80 volt end point
whereas all other points are for
1.10 volts,

3) Yardney battery - the end point voltage here is made to
include the last voltage plateau,
(1.5 volts for all runs except at -20°C
where 1,2 volt was used).

The RCA battery yielded its largest watt-hour per pound
figure at room temperature., Operation at lower temperatures re- -
duced this number by at least one third., Higher than room tem-
perature tests gave disappointing and inconsistent results, Ex-
pectations that the performance would be enhanced at these higher
temperatures were not borne out,

A The Mgllory cell did not produce the watt-hours per pound
that the RCA cell did, but it yielded more consistent results at
higher temperatures. Low temperature operation was drastically
impaired at even +10°,
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The Yardney cells yielded meximum energy at room temperature;
they appear to Just match Mallory performsnce in this range. The
Yardney outﬁut was reduced approximately 20 percent at the higher
temperatures. However, the performance at low temperatures was
greatly superior to that of the Mallory and RCA cells.

It 1s to be stressed that all the low temperature data are
pessimistic because of the effect of internal resistance at
these temperatures., The voltage characteristic for the Yardney
cell at -10°C when compared to the results at neighboring tem-
peratures illustrates the decided advantage of low drain., It
is to be expected that the.watt-hours per pound and voltage char-
acteristics of the RCA and Mallory cells would be improved con-
siderably by reducing the drain by a factor of five., Certainly
a higher and more constant voltage chsracteristic and a higher
watt-hour figure would be the result,

From the graphical presentation 1t 1s observed that there
is relatively large variation in the watt-hours per pound figure
at any one temperature for one type of cell. This can be attri-
buted to the differences in the cells. Certainly it would be
desirable to test many more cells at the more desirable loads
to obtaln a more accurate picture of the perfonmance carabilities
of these batteries. |

D, VACUUM TESTS

1. Purpose and Conditions

The vacuum tests were made to determine the rate of weight
loss of the cells in a vacuum, the amount of moisture lost as a
function of time in a vacuum, and the effect on open-circuit volt-
‘age. The tests were made at 0.005 to 0,002 mm of Hg at tempera-
tures of +70°C, +50°C and +20°C under no-load conditions. The
same cell types were tested in the vacuum as were given tempera-
ture tests. For comparison the weight loss of one RCA develop-
mental cell was checked at room temperature and pressure for an

extended period of time. ‘
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PERFORMANCE OF BATTERY POWER SUPPLIES
2. Test Equipment for the Vacuum Tests

A system was set up consisting of a motor and mechanical pump,
a vapor trap, thermocouple vacuum gage (a type 1946 RCA tube) and
bell jar. (See Figure 4-37.)

To insure accurate pressure readings the thermocouple gage
was placed inside the bell jar with the batteries. With.such
a system it was possible to obtain pressures as low as 0,002 mm
of mercury, '

" Moisture released by the batteries was collected in the
vapor trap which was cooled with a mixture of alcohol and dry
ice. Speclal seasling compounds were used at critical locations
to prevent leakage, Those mountings thet were placed in the bell
jar were elther of metal or bakelite since most other materials
would give off gaseé or moisture when it was attempted to pump
them down to a fraction of a millimeter of mercury. Before pump-
ing was started the trap was loaded with the alcohol and.dry ice
mixture to insure that it would be cold enough to trap all the
moisture from the very start of the pumping process. Of course
a small amount orvmoisture from the air was trapped in this pro-
cess. The moisture collected during pumping froze in the trap.
To insure that all this molsture was recovered the trap was drain-
ed on the day following the pumping run so that complete melting
could be assured,

For the experiments where the effect of combined vacuum con-
ditions and heating was to be studied a special oven was constructed
to hold the batteries. This contalner was wrapped with nichromc
wire for the heating element, A thermometer with its bulb piaced
inside the heating box (all this inside the bell jar) indicated
the temperature of the metal contalner and the batteries, Tem-
peratures between room and +70°C were obtained with this arfange-
ment,
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Set-up for Vacuum Tests,.

Figure L-37.
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3., Test Results

Figure l4-38 gives the results of the pumping tests at room
ambient temperature for three RCA cells, The most striking result
is the very great difference in the results obtained. The total
amount of moisture in the RCA cell is approximately 10 grams of
which half i1s chemically combined and is not avallable. For RCA
cell No. 258 over 3.5 grams or almost all the available moisture
was removed after only 30 hours in the vacuum, the lowest prés-
sure at any time being 0.05 mm of mercury., At this point its
voltage (on open circuit) was rednced to less than 1.0 volt. RCA
No. 12 lost 4 grams in 28 hours {(down to 0,002 mm Hg) and this
was enough to reduce its open circuilt voltage to substantially
less than 1,0 volt. RCA cell No, 248 was run for over 60 hours
but lost only 1.3l grams and suffered no reduction in voltage.
Although the results are inconsistent it is obvious that even at
pressures of 0.002 mm of mercury these cells lose a large portion
of their water. The relative success of RCA No. 248 is due to the
superior seal used in this cell. Pressurization of these cells
would probably be required for reliable operation in a vacuum,
Note in Figure 4=39 that RCA - cell C which was at room temperature
has lost almost 0.60 gram after 1000 hours. This is regarded as
a serious loss of moisture under room conditions and points to
the need of a better seal,

The two Mallory cells were pumped for 65 hours to pressures
as low as 0,002 mm of Hg yet lost less than 0.2 gram and suffered
no reduction in open circuit voltage., (See Figure }-38, curves
Ml and M2.)

Six Yardney cells (Figure L-40) were also tested open circuit
at room ambient temperature. Two types of cells were tested, one
with a rubber sp8nge type seal and the other a pressure valve seal.
The valve seal will not open untlil the internal pressure exoegds
1.5 pounds per square inch, The sponge seal cannot hold any large
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Front Row (left to right, Figure L-Ll)

Gould Button type 32B,

Gould Button type 23B,

DEAC 90 DK,

DEAC 120 DK,

DEAC 150 DK,

DEAC 60 DK |
Rear Row (left to right, Figure lL-L})

Yardney Model LRS,

Saft Sealed type VO-l,

Mallory type RM-=)2R,

‘RCA,

DEAC 450 D,

DEAC 220 D

The d-c output voltage of each cell, with its load connect-
ed and while being subjected to the conditions of vibration, was
monitored throughout the five-hour period of vibration by means
of Weston type 931 meters,

" In addition, a d-c oscilloscope was used on sach cell during
one complete sweep of the vibration frequency range (8 to 2000 cps)
to determine any possible effects on the cell voltage output due
to possible cell resonances. Graphic presentations of the record-
ed data are attached for eﬁch of the 60 cells and are self-expla-
natory. | '

2. Test Equipment for Vibration Tests

a. Vibration and Monitoring Equipment., The exciter used for
the vibration test of the 60 cells was the Calidyne B-lLl with a
rated force output of 600 pounds vector, (See Figure L4-45.)

The exciter is equipped with a signal generator giving a
voltage proportional to the exciter table velocity. The output
from the signal generator is fed to two signal monitors mounted
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on ths control panel, The signal voltage is integrated or dif-

. ferentiated to produce displacement or acceleration readings on
a output meter, Displacement readings are given in peak-to-peak
inches and acceleration readings in vector-g's.

The signals from the monitors are fed to a crossover servo
control system which, in connection with a frequency sweep cycler,
programs the test, In this procedure, the element under test is
“held et a predetermined displacement level over a portion of the
frequency range; after "crossover" it is held at a constant
acceleration level for the remaining portion of the frequency

range,

Besides the above mentioned monitoring system a direct moni-
toring of the acceleration of the fixture containing the cells
was performed. Two ‘Glenite pickups were fastened to the fix-
ture, one in the direction of the exciter travel and one in a
plane perpendiculer thereto (in the direction of largest lateral
deflection). The signals from the pickups were fed via cathode
followers to two channels of a Glenite Fh06-6»#mplifier. The
amplifier output waa'applied to a DuMont dual~beam cathode-ray
oscillograph, Thls monitoring system was calibrated to one inch
equals 10g's on the scope. (See Figure L-46.) ' '

b. Fixtures. (See Figure 4-47.) On the table of the
excliter was mounted a symmetrical aluminum jig designed for this
test. On the jig was mounted the fixtures containing the cells.
All the fixtures used were specially designed., Each fixture
was made from "phenolic" and designed in such a manner that the
cells were held within the fixture without undue strain on the
cell and fixture, The construction of the fixtures consisted
of wafers of phenolic of varying thickness with cutouts for the
cells. The outermost wafers had a thickness of 5/8 inch and con-
tained either holes for the electrical connections or tapped
holes for the}contact'sorews. The capacity of the fixture varied
from three for the cylindrical and button type cells +o one for

- 478
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Figure 4-47. Jigs Used to Mount Batteries During Vibration.
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the box-shaped cells. The brass contact screws were fitted with
a leaf type U-shaped spring made from phosphor bronze. Each fix-
ture was fastened to the aluminum jig by means of 6-1/4-20 steel
bolts. Further, the fixtures had tapped holes for mounting the
Glenite pickups.

3. Factors to be Considered

8. Load Resistors. It was decided to use load resistors
that would discharge the batteries in approximately five hours,
In the case of the RCA cell, however, the large current drain
required for a five-hour discharge would have reduced the load
voltage to a negligible value almost immediately even under an
optimum environment. Thus, it was planned to discharge the RCA
cells in 100 hours, In the case of the Yardney cells, an error
in the calculations resulted in the use of a half-hour discharge
load resistor.

b. Testing Discontinuities. Dﬁe to operational difficulties
with the vibration equipment, the five hours of vibration on each
of the cells was not always obtained without interruption. Dur-
ing each such interruption the voltalc cell resistive loads were

disconnected so that the five hours of discharge and vibration
coincided.

The complexity of the equipment and the limited time allotted
for reruns on occaslon made it impossible to record the vibration

frequency simultaneous with the recording of the battery output
voltage.

. Testing Procedure

During the entire test the exciter was used in a horizontal
position in order to eliminate the static deflection of the spring-
supported armature., The total meximum welight of the jig, cells,
fixtures, fﬁsteners, dumny loads, and exciter table did not exceed

~ 47.2 pounds or at 100g's a vector force of 72 pounds, well within

the capacity of the exciter.




PERFORMANGE OF BATTERY POWER SUPPD@ES

Dummy loads were used to- bring the combined center of gravity
of all vibrated parts to coincide with the centerline of the
exciter, This was done so that lateral motion of the vibrated
parts is kept at a minimum,

Twelve different types of cells were subjected to vibratiod.
For each type five cells were vibrated in two perpendicular
directions. All cylindrical and button type cells were vibrated
as follows: _ .
1} Three cells in the direction of the axis of the cylinder.
2) Two cells in the radial direction, '

The box-shaped cell types were vibrated as follows:
l) Three cells in the direction of the smallest dimension,
2) Two cells in the direction of the largest dimension.

The same fixture was used for vibration of one particular
type of cell in the two different planes of vibration. This was
accomplished by mounting the fixture on either of the two planes
of the job,

During vibration the fixtures themselves were monitored by
attaching Glenite pickups to them. The mechanical amplification
or attenuation of the induced acceleration of the jig-fixture
system could then be observed. Further, this extra monitoring
svstem acted as a trouble-shooting device enabling the operating
technician to detect any looseness in the system before any damage
to the equipment could occur, |

The maximum displacement of the B-L4} exciter table was given
by the manufacturer as 0.36 inch peak-to-peak when used with the
power pack supplied with the exciter., As the exciter itself is
built for a total peak-to-peak excursion of 1 inch it was found
desirable to increase the excursion beyond the existing 0,36 inch.

4-81
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A "Low Voltage Booster" was procured from Calidyne for this pur-

pose and wired into the armature circuit. This booster increased
" the peak-to-pesk excursion to 0,65 inch in the range from 8 to 10
eps, and generally increased the performance of the exciter con-
siderably in the range 8 to 18 cps. Beyond 18 cps, the booster
scted as a atbenuator and was, therefore, switched out.

The cells under test were aubjected to the following vibra-
tion (see attached greph):

1) From 8 to 10 cps at a displacement of 0,65 inch peak-
to-peak in 5 minutes.

2) From 10 to 4O cps at maximum capacity of exciter (see
graph) in 1 to 2 minutes.

3) Prom 4O to 2000 cps at 10g's in 15 to 18 minutes.

4) No., (3) above in reverse,

5) No. (2) above in reverse. :

6) From 10 to 8 cps at a displacement of 0,65 inch. peak-
to-peak in 2 minutes, '

One complete cycling thus lasted from 39 to 47 minutes.
The effective vibration time for each cellnvaried from 92 to
70 o/o represents the effective vibration time on the first and
second run and the 30 o/o "lost vibration" is due to switching

time andimq miscellaneous exciter breakdowns and power fallures.,

It was found by monitoring the fixtures that accelerations
in the direction of excitation differed from the input accelera- |
tion, Usually a magnificatibn took place in certain parts of
the frequency spectrup. Occasionally attenuation took place but
never below 5g's at frequencies above [0 cps. As these phenomena
were highly transient a recording thereof was not possible, .In
one instance, at a frequency of 1900 cps a reading could be taken
due to its relatively long period. This reading showed a fixture
acceleration of 55g's.
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1.2 —
o
20 N
-
9 TYPE — V04 4 \
Eo.8 ceLL—*076
e._ LOAD— 1.8.A.
3
TEST CIRCUIT WHILE UNDER
jos VIBRATION ,
] ; A
- Joe WESTON METER
-'0.2 .q |
°o 0.5 1.0 .5 20 2.8 3.0 As 4.0 43 5.0 »
J VIBRATION(HOURS)
S S, ‘
___. VIBRATION TEST DATA =
. MEASUREMENT|{ .. SAFTSEALED TYPE VOl .
TIME CELL NUMBER
HRS. 11075 1076 1077 1078 1079
' 0.00 1.19 1,19 1.17 1,19 1,16
0,25 . 1.18 1.17 1.15 1.1 1.16
i 0,50 1,17 1.16 1.15 1.1 1.15
0475 1,17 1.16 - 1.1} 1.17 1.15
1.00 - 1,17 1,15 1.14 1,17 1,15
1.25 1.17 1.15° 1,14 "1.16 1.1%
1.50 1,17 1,15 1,13 1,15 1,15
1.75 1,17 1.15 1,13 1.15 1.15
2.00 - 1.17 1,18 1.12 1l.1}4 1.15
2.25 1.17 1.1y 1,12 1,14 1.15
2.50 1,17 1.13 . 1.11. 1,13  1.15 .
2.75 1,17. 1.}2 1,10 1.12 1.15
3,00 1,16 1,12 1,09 1,1x 1.1}
3,25 1.6 1,11 1,08 1,10 1,14
3,50 1,16 1,10 1,05 1,08 1,13
3.75 1,15 1,08 0.95 1,10 1,13
;.00 1,15 1.03 0.22 0.26 1.12
4.25 1.15 0.95 0.15 0.19 1.12.
l4.50 1.1y 0.38 o0.12 0.15 1,11
4.7 1.13 0.23 0.10 0,12 1.10
5,00 1.13 0.17 0.08 0,10 1.05

Figure L+48. Vibration Test Data, Saft Sealed Type VO-4.
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Y

. 2
e | _
g .
;w ' \\
E“ TYPE -:qsz'a o '
CELL — 1031
a . LOAD — 43.n.
onl—
g VIBRATION T WHILE UNDER
(“. )
9 [ WESTON METER
% (Y] L‘o 3 ||.o i.to- Lji~ 30 38 40 a8 80
VIBRATION(HOURS)
. , v !
| VIBRATION TEST DATA ‘ ;.
MEAggggMENT : GOULD BUTTON TYPE 32B
. CELL NU ‘
HOURS. {1030 1031 - 1033 -1033 1034
0,00 1.23  1.20 1.27 1l.34 1.25
0'25 . 1.21 1-19 1.22 1.21 1.22
0.50 1.21 1,19 1,21 1,22 1,21
0.75 1.21  1.19 1..21 1.20 1,20
1.00 1,19 1.18 1,20 1,19 1.20
1.25 1,19 1,18 1,19 1l.17 1l.19
1.50 1.18 1,17 1.18 1,17. .1,19
1.75 ) 1.16 1.17 1-17 1.;17 1.19 1
2,00 1.13 1.12 1.15 1.13 1.19
2,25 0.1 1.1 1.12 0.9 1.18
2.50 0,13 1,16 1,12 0.07 1,17
2.75 0.112 1,15 1,08 0.05 1,16
3.00 0.09 l.lh ) 1.06 0.02 lolg
3.25 0.08 1,12 0,14 0.01 0.1
3,50 0,06 1,08 0,07 . 0,02 0,08
3,75 0,05 1,00 0,06 0,02 0,06
.00 0.056 0.15 0,06 0,02 0,05
.25 0.05 0,12 0,05 0,05 0,05
4,50 0.0y 0,09 o.,04 0.05 0,05
4.75 0.03 0,08 0.03 0,05 0,05
5.00 0.03 0.07 0,03 0.05. 0,05
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g
g
b L6
£
-8 L2
u |
il
80 a5 o 5 TE0 &8 30 35 40 5 a0
§ VIBRATION(HOURS)
TYPE — 68238
ceLL — "i028
LOAD — 9.
TEST CIRCUIT WHILE UNDER
VIBRATION :
Lo G ©wrpre
VIBRATION TEST DATA
MEASUREMENT GOULD BUTTON TYPE 23B
gﬁgﬁ CELL NUMBER
12025 1026 1027 1028 1029 |
.0.00 1,25 1,24 1.08% 1,27 1.27
0.25 1l.23 1,23 0,99 1.26 1l.21
0.50 1.23 1.23 1,00 1.26 1,21
0.75 1.23 1,24 0,97 1,25 1.21
1.00 1.23 1.2} 0,95 1,25 1,21
1.25 1.23 1.2y 0.70 1.25 1.2
1.50 1.23 1.2 0.92% 1,25 1,21
1.75 1.22 1,24 1.2l 1.25 . 1,21
2.00 1,22 1.2 1,24 1.2 1.21
2.25 1.22 1.2 1.2 1.2 .1.21
2,50 - 1,22 1,24 1.2H 1.2 1,21
2.75 1,22 1.24 Lh 1.2 1.21
3,00 1.22 1,24 1.2y 1.24 1.21
3,26 1.21 1.2 1,23 1,24 1,21
3,50 1,21 .1.,2 1.23 1.24 1.2
3.75 1,22 1.2 1.23 1.2y 1.21
.00 1.20. 1,24 1.2 1.2 1.22
4.25 1,20 1,24 1.2 1.24  1.20
.50 1,20 1,24 1.23 1.2} 1,20
5,00 1,20 1,19 . 1,23 1.23 .20

*Variations in voltage; from 0,00 to 1.50 hrs, were
caused by loose battery. connections,

Figure 4-50, Vibration Test Data, Gould Button Type 23B
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¢
| ™
] l' |
1 i
8 .2 - —eem - - —e ...%. .. .J‘
d : :
i 1
0% oS 6 18 R0 25 3.0 35 40 45 B0
"o' VIBRATION (HOURS) )
3
TYPE — REAC 4500
CELL — 1058
LOAD ~ 18.1
TEST CIRCUIT WHILE UNDER
VIBRATION -
J- E WESTON METER
Tcm %"‘ TYPE 93t
— A e s s
. VIBRATION T#ST DATA
MEASUREMENTG”M_wmmw;~"~pEAC 450D
gﬁgﬁ CKLL NUMBER
% o l1085 . 1056 _.1057...1088_ 1099 .
0,00 1.12 1,18 1,16 1.22 1,18 -
0.25 1,11 1,16 1,14 1.17 1,15
0.50 1.10 1.15 1.13 1,16 1.13
0.75 1.03 1.1 1,12 1.1} 1,12
1.00. 1,08 1.1 1.12 1,13 1.11
.1.25 1.07 1.13 1,11 1.13 1.0
1.50 1.06 1,13 1,10 1.12 1,09
" 1.75 .04 1,13 1.07 1.11 1,09
1 2.00 1.02 1,12 1,07 1,11 1,08
. 2.25 1,00 1,1} - 1,08 1.10 1,07
2.50 1,00 1.10 -x,07 1.09 1,07
2.75 0,99 1.10 11,06 1,08 1,07
3.00 0.97 1.10 1.02 1,03 1,06
3.25 0.96° 1.10 1,08 1,07 1,05
3.50 0,95 1,07 1.04 1,07 1.05
.. 3075 0.95 1-07 ’ 1.0,4 1006 1.0
©oh.25 0.92 1,06 1,02 1,05 1,02
I ly.50 0.92 1,06 1,00 1,05 1,02
i .75 n.90 1,06 .99 1.08 1,01
% 5.00 0.7 1,05 0,96 1.05 1,00
L

Figure lj-51. Vibration Test Data, DFAC Type 450D

-
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FPUT VOLTAGE

PERFORMANCE OF BAT™RY POWER SUPPLIRS

R "“’1‘

L4
3ie
W™ o68 10 s 20 R§ 30 25 40 45 0
g VIBRATION (HOURS)
3
9
TYPE — DEAC 220D
CELL — %085
LOAD~ 36
TEST CIRCUIT WHILE UNDER
VIBRATION )
VIBRATION -TEST DATA
MEASUREMENT ) DEAC 220D
gggE | CELL ER |
. 1089 1086 1087 1095 1096 |
D.00 1,26 1.26 1.2, 1.20 1.23 .
1,00 1.20 1,20 1,17 1,12 1.1
1,25 1.20 1.20 1.16 1.11 ,l.lﬁ
1.50 1.19 1,19 1.16 1.10 1.1
‘1.75 1.18 1.19 1.15 1.10 1.1}
2,00 1.18 1.18 l.lﬁ 1.09 1.13
2.25 1.17 1.18 1.1 1.09 1.13
2.,50° 1,17 1.17 1.1y 1.08 1.12
- 2.75 1.17 1,17 1.13 1,08 1,12
3.00 1.16 1.17 1.13 1,07 1.11 ,
"3.25 1.16 1.1Z 1.13=*1.06/1.11 #1,11/1.17
3,50 1,15 1.1 1.12 1,06 1,
3.75 1.15 1,16 1,12 1,04 1.11
.00 1015 1.16 1.12 1.0“ 1.11
4.25 1.1} 1,15 1.12 1.03 1.09
s .50 1.1l 1.15. 1.12 1.02 1,08
i U475 1,1y 1,15 1,11 1.00 | 1,07
; 5.00 1.14 1.15 1.11 1,00 1,06
i

“%Vibration equipment broken down for 127 hours.

Batteries were disconnected.

DEAC Type 220D

4-87
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B

LOADED CELL OUTPUT VOLTAGE
N
!

-
i

#Vibration broken down. Tatteries dlsconnscted Tor

127 hours.
Figure |-53. Vibration Test Data, DEAC Type 150 DK

20 2.8 3.0
VIBRATION (HOURS)

TYPE ~ DEAC 130Dk

ceLL — %ost
LOAD — S0

38

TEST CIRCUIT WHILE UNDER
VIBRATION

LR3

40 4.5 3.0

WESTON METER
TYPE 931

o e —meoe . .. VIBRATION TEST DATA l
MEASUREMENT| __ _~~ DEAC 150DK
TIME - CELL NUMBER ‘
. JRS., 11081 _ 1080 _ - 109D 1091 1092
0.00 1,26 1.24 1.25 1.24 .271.
0.25 1.2 1.23 1,22 1,22 13i23°
0,50 1,2l 1,22 1,22 1,21 1,23
0.75 1.2 1.22 1,21 1,21 1,22
1.00 1.2} 1,22 1.21 1.21 1l.21
1.25 1.24 1.22 1.20 1.21 1l.21
1.50 1.24 1.22 1.20 - 1,21 1.21
1.75 1.24 1,22 1,19 . 1.20 1,20
2,00 1.23 1,22 1,19 1,20 1,20
2.25 1.23 1,22 1,18 1.20 1.19 |
2.50 1.22 1,21 1.18 1.29° 1,19
2.75 1.22 1.21 1.18 1.19 1.19
3,00 1.22 1.21 1.17 1.18 1.18
3,25 1,22/1.25% 1,20/1.20% 1,17 1.18 1.18
3.50 1,21 1,20 1.17 1.183 1.18
3.75 1.20 1,18 1.17 1,18 1.18
.00 1.26 1,18 1,16 1.17 1,17
.25 1.20 1,18 1.16 1.17 1.17
4.50 N 1.17 1.16 1.17 1.16
4.75 1.1 1.17 1,15 1.16 1.16
5.00 1,18 1,17 1.15 1.16 1.1%

] Y
3 “ "P.r -
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EAC 1200

)

CELL — 1042
DEAC_120DK

1
1
1
1
1
1
1
1
1
1

~ bi.u.lu.ﬂ/a..u.332222211100009
T POV N

[X]
VIBRATION (HOURS)

TEST CIHCUIT WHILE UNDER

X

VIBRATION TEST DATA

LOAD — 82.n

PERFORMANCE OF BATTERY POWER SUPPLIES

TYPE —

L8

O 7|d.|.u.|u.|u...u.33222 ANNH~OO0O0O0O0
\nwu 22222222222222222222
r~ (el

el A A A AAAAA A A

Vibration Test Data, DEAC Type 120 DK

o

MEASUREMEN

‘ , _ ,W i
s 9 3 |

mnmowm
. | 3DVAI0A AN4LIN0 TIFD GIAVOT. > e
: . X} 0

0

TIME
HRS .

000
1.
1

1

Figure L4-5Sl.
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Fii
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22222222111111 ™
1

m '
5

43

1

Vibration Test Data, DEAC Type 90DK

66555555."&.“.33 ~HOQOooGeeCr
L G GUGGUL TR O 3 L VRV VYR VRV

111111111111111111111

m .
DEAC..90DK

IohecELngHVBER~10uB

6655555555:"-".332 N o~ ©o o
NNV AVNNNNNNNANNNNNNNNNN
. ® ® ® 6 ¢ ¢ ¢ & ¢ & ¢ * & © O o v & 0

I X [ 1]
VIBRATION (HOURS)

b e

'VIBRATION TEST DATA

TEST CIRCUIT WHILE UNDER

TYPE — DEAC 900K
1047
© VIBRATION

CELL -

LOAD —82.n.

~OuN h..u.32222100098 Ll el ad
NNAUANNNNANAUNNUNNANNNNNS

rdedetedetrdetirdd it~ e~

1045

as

s .
83._9 1nd10 T3 OVOT

0
5
5
5
5
0
5
0
5
5
o
5
o
o

HRS.
0.
0.
o
1.0
1,
1
2.
2.
2,
2,
3.0
3.
é
ﬁ
4.7
5.

TIME

Figure 4-55.

MEASUREME
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- m OF BATTERY POWPR SUPPLIES

VIBRATION (HOURS)

mmogvmmtme

TYPE — DEAC 60DK
cew. - %osy
LOAD — 1260

TEST CIRCUIT WHILE UNOER
VIBRATION

i

| VIBRATION TEST DATA
HEAggggMENT e _‘_DEAG 60 DK —
.+ ELL ’ ;
MRS, fa1035 1036 “Hos{"Togs 3039
0.00 1.29 l.zu 1023 1.26 ) 1.26 ._
0.25 1.2 1,22 ' 1,22 1.2} 1.23
0.50 1.25 1.21 1,21 1,24 1l.23
0.75% 1.2 1.22 1.22 1.22 1.23
1.00 1.2 l.22 1,22 1,22 1,22 .
1,25 S 1.23 1,21 1,22 1.2 1,21
1,50 1.23 1,20 - 1.21 1.21 1.2
1.7.5 1;23 1.20 1'.20 1.19 1.19
2.00 1.21 1.21 1.21 1.13 : 1.18
2.25 1.21 1.21 1020 1.1 1.17 !
3,00 1.21 1.21 1,20 1.17 1,16
3.25 1,20 1.21 1,20 1,16 1.16
3,50 - 1,20 1.20 1.20 1.16 - 1,15
8.75 1l.20 1.19 1,20 1,15 - 1,15
.00 1.19 1.18 1,20 l.ig 1.1%
lj .25 1,19 1,17 1,20 1.1 . 1,14
h .50 1.19 1.17 1.19 1.1h 1,1}
L.75 1.19 1.16 1.18 1.1} 1.14
5.00 1.19 1.16 1,18 1.1h 1,13
Pigure l=-56. Vibration Test Data, DEAC Type 60 DK
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PHRFORMANCE OF BATTERY POWER SUPPLIES

et

LOADED CELL OUTPUT VOLTAGE
>

B T T R ¥ R T R T M TR T Iy YN
VIBRATION (MOURS) '
TYPE — RCA
ce. —*062
LOAD — 47.n,
TEST CIRCUIT WHILE UNDER . °
VIBRATION L
-'lt'cELLm%R.. %’) v TYPE I’IE'TER
b VIBRATION TEST DATA
ILASUREMENT )
TIME SR — Red — -
HRS. 1060 1061°5C WBEPER 1069 106) |
0.00 .. 1,33 - 1.32 1,31 0.1y 1.59 .
0.25 1.26 1.23 1.23 0.11 1.33
0‘75 1023 1022 1.20 0.0’4 ' 1.21
1.00 1.23 1.22 1.20 0,03 1.21
1.25 1.23 1.22 1.20 0.03 1.21
1.50 1.23 1,22 1,20 0,02 - 1,21
1.75 1.20° 1,22 1.20 0,02 1.21 |
2.00 1.20 1.21 1.20 0,02 1.21
2.25 1.20 . 1.19 1.20 0.02 1.21
2.50 1.20 1.18 1,20 0,02 1.21
2.75 1.20 1.18 1.20 - 0,02 1.22
3.00 1.20 1.18 1.20  0.02 1.22
3.25 1.20 1.18 1.20 0,02 1,22
3.50 1.20 1.18 1.20 . - 0,02 1.22
3.75 1.20 1.18 1.20 0,02 1,22
.00 1,20 1.18 - 1.20 0,02 1,22
-t 1.20 1.18 1.20 0.01 1,22
h.50 1.20  1.18 l,22 0,01 1.22
4.75 1.200  1.18 1.22 ° 0,01 1.22
5.00 1,20 1,18 1.20 0,01 1.22.

Figure lj-58, Vibration Test Data, RCA

Developmental Cel?
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PERFORMANCE OF BATTERY POWER SUPPLIES

o

O

2

LOADED CELL OUTPUT VOLTAGE

8
R TYPE ~ YARDNEY
8 ceLL —%oez
LOAD — O.l.n.
TEST CIRCUIT WHILE
UNDER VIBRATION .
° . J_ . Ny v |
- 4~CELL 2R, WESTON METER
T . TYPE 93!
% 08 - 1.0 .6
VIBRATION(HOURS)
o maee . VIBRATION TEST DATA N
featils YARDNEY MOPEL LR.S . - . ..
TIME ~ CELL NUMBER "
HRS. 1065 1066 - 1067 1068 1069
0,00 0.72 0.77 0.71 0,71 0.73 |
0.25 0,68 0.69 0,69 0,69 0.68
0.50 0.67 0.68 0.68 - 0,68 0.42
.0,75 0.67 0.67 0,67 0,04 0,10
1,00 0.03 0.28 ° 0.11 0.0l 0,07
1,25 0.00 0.00 0.00 0.01 0,06
1,50 : 3 0.01 0.06
1,75 0.00 0.05
2.00 0,05
2.25 0.04
2.50 0.0l
2.75 . 0,04
3.00 0.0l
3.25 0.03
3.50 0.03
3.75 0.03
.00 0.02
4.25 0.00
.50
,-5"(7)3 2 \'g Y Y
. 3 . Y
e e e 'y




PERFORMANCE OF ﬁATTERY'POWER SUP?LIES

5, Test Results

The vibration test imposed on the cell represenﬁs the best
that can be achieved with RCA exciters at this time., From the
graphs (Figure lj-48 through 4-59) it is apparent that a higher
level of vibration would be deairable in the frequency range
from 10 to uo cps,

Severe variations in the discharge characteristics occured
on some cells while subjected to the conditions of vibration.
The most erratic characteristics observed were those of the
Malldry type RM-42R with output voltage variations of more than
50 percent. Some types indicating a large change in the dis-
charge rate, and being discharged prior to the end of'the five
hours of vibration were the Saft sealed type VO-}4, the Gould
button type 32-B and one cell of the Deac 120-DK type. The re-
maining six types of Deac cells, RCA, and Gould button types
performed well as indicated on the graphic presentations. In
no instance was there any evidence of internsl cell resonances
detectable with the oscilloscope used for monitoring each cell
output voltage during one compleﬁe sweep of the vibration fre-
guencies, |

F., RECOMMENDATIONS

An increase in the watt-hours per pound figure for the bat-
teriea to be used in early ARS vehicles will provide in direct
proportion a longer operating time, Development effort should
be expended having as 1ts goal an increased figure of watt hours
per pound, '

Further developmonf to improve the reliability of the seal
would probably result in a reduction in the welght of the battery
package used in the ARS vehicles. If the cells were sealed to a
sufficient degree, a pressurized battery container would not be
necessary. Yardney has made some progress in this direction by




substituting a pressure relief valve for ths sponge type vent.

A thorough study should be made of methods of interconnecting
large numbers of cells since the fallure of a single connection
between bgttéries might cause the failure of the complete battery
package., 1In general, soldering to individual cells is not satis-
factory since the heat required is injuriocus to the cells. Spot
welding of connection tabs to cell components before the cells
are assembled might prove satisfactory

Some method of preventing the growth of excess materials on
the negative plates of Yardney silvercells should be developed.
As the cells are now constructed, this material can form short-
circult paths between plates when carried to the top of the cell
by movemsnt of the electrolyte.

A method of preventing the growth of spent chemicals on the
exterior of dry cells without increasing their weight is needed.
These growths cannot be tolerated where a large number of cells
are in close proximity such as will be required in an ARS vehicle,.
Mercury cells have been greatly improved in this respect but at
the cost of adding a separate case around the cell which increases
the weight and hence decreases the watt-hours per pound, -

Once the final design of the battery package has been com-
pleted it should be tested for conformance to electrical, mechan-
ical and thermal requirements prior to the final testing of the
complete payload portion of the vehicle, .




PERFORMANCE OF RATTERY POWER SUPPLIES

DISPLACEMENT PEAK TO PEAK(INCHES) _

| E———
1)
® \ﬁ-\\_
3 e
;’,\\‘
. .
\.
d b
N.g | ‘\
8sl—1 o
} 1
) 3
Q
2
c o
. \
g \WJ
m
4 .
) o o 9.

>
ACCELERATION IN G'S

F‘igm'e i-60, Vibration Program




CHAPTER V
sy
PERFORMANCE OF COMPONENTS PECULIAR TO ARS

‘The ARS will of necessity use components that are not
conmon in military equipment, Some of these components --the
eiectrostatically focused traveling-wave tube ;s an example --
are still in the development stage. Other components must be
modified -- the vidicon target for example -- to meet the
specialized requirements of the ARS, Envirommental conditions
dictate that such routine problems as bearing lubrication be
given Spécial consideration, In this chapter various of these
specialized problems are considered. In some cases test data
were available and have been reported while in others the best
information available has been the considered judgement of
the people developing the equipment., In many cases it has
been possible to indicate in which directions it appears I;rofi-
table to put forth further development effort and to give in
a very rough manner costs and time requirements for these
developments,

A, THE VIDICON

l. General

Life and shock tests have been performed on vidicon cameras
under contract No. AF33(616)-2576. RCA has also performed
test runs on the vidicon temperature sensitivity.l It 1s the
purpose of this report to summarize the current data on the
vidicon.4 V | |

1. "idicon Temperature Sensitivity ", RCA Report EMB6C, July 1953.
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PERFORMANCE OF COMPONENTS PECULTAR TO ARS

These tests were performed on the RCA type 6198 vidicon.
The camera currently proposed for the first vehicle will require
a special vidicon® that uses a five-stage: electron multiplier
and that has a target of larger storage capacity than the stan-
dard vidicon. However, the tests made on the standard vidicon
will serve as a preliminary guide to determine the feasi-
bility of the tube,

2, Temperature

Using a special temperature compensating circult to
correct for target voltage as a function of temperature, the
sensitivity of the vidicon was found to remain constant within
+5 percent over a temperature range of —55°G to .70°C. When
the tube is in a non-operating condition (as it will be during
launching for example) the vidicon can be subjected to tem-
peratures of 150°C without damage.

3. Shock and Vibration

Vidicons were subjeoted to the impact shock specified by
Mi1-E-5272-A, The tube was subjected to 18 impact shocks of
15g, three shocks in each direction for each of three planes,
The tube was tested after each shock to determine if any dam~
age was incurred, The impact shock was increased to 55g, the
1imit of the shock machine, without causing damage to the tube.z
Actually the vidicon camera should not be subjected to any
severe impact shock in the vehicle,

1. ARS Final Report - June 1956,

2., Martin, "Impact Shock and Vibration Tests of Vidicon (6198)
and Image Orthicon (5820)" RCA report EM;216, Nov, 195)4.
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The vibration to be encountered by the camera in the vehicle
might include a range of frequencies from dc to 2000 cycles at
a maximum acceleration of lOg.l In tests conducted on the
vidicon camera, the unit was subjected to vibration over a fre-
quency range of lj to 500 cycles per second at a maximum ac-
celeration of 7.5g. In these tests the camera was in an oper-
ating condition and the picture degradation was observed.

These tests were conducted on the three axas of the cam-
era, namely, the horizontal transverse axis, the vertical
transverse axlis and the longitudinal axis. Except for a
filament failure the tubes tested operated without serious
picture degradation to a threshold acceleration for a giveh,
frequency. RBesults of these tests are shown in Table 5-1.
The above tests only indicate the limit in viewing’ a picture
during vibration of the camera. Actually the vrération will
occur primarily during ascent. During this period the camera
wlll not be operating.

Tests have been run on two vidicons which were vibrated
at 2g over a frequency range of 70 cycles to 500 cycles, The
tubes were vibrated for a period of one hour at each of eight
selected frequencies.2 No failures were sustained in these
tests. However, further evaluation is required for acceler-
ations of 10g and frequencies to 2000 cycles before such cameras .
can be deemed satisfactory. With proper shock mounting, cameras

can be desligned to sustain the acocelerations which might be
encountered

1. Note: WDD in a verbal statement to RCA personnel gave these
figures based on the ICBM study. Also refer to Oleson,
Cunningham, "Rocket Research Report No, XVI Vibfation in the
Viking 9 Rocket", NRL report Llj}j0, Nov., 195,

2. Project MX-2226, Report #8, Dec. 1955 to Jan. 1956, RCA Camden,
New Jersey.




h, Life Tests

Life tests run on the vidicon for a 4.5 nonth period of
continuous operation showed no appreciable changes in the vidi-
con.t This would indicate a low fallure rate per 1000 hours
of operation for this tube. Further tests on sampled lots of

these tubes should be made to corroborate this assumption.

5., Cost and Avallabllity

Cost and time estimates ere currently being prepared

in connection with other projects. ‘These estimates can be
furnished the Air Force,

B, THE IMAGE ORTHICON

l, General

It has been proposed to use an image orthicon camera in
some of the vehicles,2 Information gathered by these cameras
could be recorded on magnetic tape and read out at some later
time., The envirommental conditions as considered for the vidi-
con apply to the image orthicon.

2. Temperature

The image orthicon such as the RCA 5820 can operate
satisfactorily if the target temperature is maintained between
35 to 45°C., This specification would imply that some tempera-
ture control is required for the camera. '

The maximum temperature that an image orthicon can be safely
subjected to is estimated to be between 85 to 100°c, Tests
will be required to determine this upper temperature limit,
1. Op. Cit, footnote #2, page 5-3.
2., Op. Cit, footnote #1, page 5-2.




PERFORMANCE OF COMPONENTS PECULIAR TO

TABLE b5-1

Threshold of Interference for the Vidicon (6198)

.Camera No, Condition Frequency (cycles) Threshold
1 Vibration on - 48 : .015g
axis : ws .8g
30 1.5g
2 125 .;53
305 .25¢
356 .38
k70 - Og
1 Hor. transverse 125 .58
axis 311 ' 2.5g
426 28
470 g
2 250 1g
' 285 .0g
480 .28
1 Ver. transverse 85 1.5¢
axis 190 2.5g
250 .6g
339 , .28
2 | 150 2g
350 : .28
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3. Shock and Vibration .

Image orthicons were also subjected to impact shocks similar
to the vidicons.l The RCA 5820 and 5826 tubes were tested and
all withstood shocks to 50g without damage.

Table 5-2 shows the results of vibration tests performed
on some image orthicon cameras. These tests are similar to -
those performed on the vidicon where the cameras were in an
operating condition. .

Vibration tests were run on two image orthicons over a
frequency range of 70 to 500 cycles. These were vibrated at
2g similar to the vidicon test. No failures were recordedz.
Tests should be conducted for accelerations out to 10g over a
frequency range of 0 to 2000 cycles, With proper shock motint-.
ing desigh image orthicon camefa.s can be designed to meet the
anticipated acceleration conditions during ascent.

L. Life Tests

Life tests are currently being conducted on three orthi-
con camera.s.3 Some' of the results of these tests will be
summarized., Over a 3000-hour test period it was found that the
signal-to-noise ratio of the image orthicon was unimpared
where normal full beam modulation of the tube is malntained.
Also the target temperature was kept below 45°C.

These tests indicate that the erasure time, 1.,e. the time
required to discharge the signal left on the target after one
scan, does not greatly vary over the 3000-howr test period.

1, Op.Cit. footnote #2, page 5-2.

3. Op.Cit, footnote #2, page 5-3.
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Threshold of Interference for the Image Orthicon-

Tube No., Condition Frequency (cycles) Threshold
1 Vibration on - 65 .58
axis 11, 58
124 5g (Tube
failed)
100 258
250 . - 78
L Ver., Trans- 125 | ig
verse axis 157 0.2g
397 0.175g
ly - Hor, trans- 65 .17g
verse axis 110 , .753
' ' 380 og

With time the target of the tube will assume progreassively
lower potentials, In order to continue to obtain a plcture it
is necessary to increase the target potential voltage. Figure 5-1
shows the averaged rate at which the target voltage should be
increased. This was averéged for the three image orthicons tested.
A timing device could be used to automatically ircrease the
-target'voltage as a function of hours of operation.

There is some observed loss of resolution in the image
_orthicon with time of operation, (See Figure 5-2) This could
not be entirely corrected for by readjusting the focus or beam
current of the tube, This is a problem requiring further study.
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Also it was observed that the sensitivity (measured as light |

required to reach the knee) is markedly

reduced with time of

operation, This could be compensated for by some form of aging. -

5, Conclusions

‘The imape orthicons used in these tests were of the com--
me‘rci'afl. type. Thus these tubes can-be considered to be e.vai;‘la-

ble for use in the vehicle,

The mdst difficult factors fécing the design enéineer on
the use of the imge orthicon in a vehicle appear to be the tempera-

ture control and the loss of resolution probl en,

considered to be unsurmountable and continued study'sh‘ould

give a sﬁtisfactory solution,

These are not
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C. MICROWAVE TRANSMITTING TUBES

Three types of microwave tubes will probably be required
for ARS: (1) beacon transmitter, (2) local oscillator,
(3) output tube for the television or ferret transmitter. Before
going into the details of these tubes, it is desirable to get
an idea of thelr operating cycle and desired life, For an.
altitude of 300 miles and an 83° orbit, it is found that the
satellite is within line-of-sight range of two U.S. ground
stationsl, about one hour per day. For a 58° orbit the cor-
responding figure 1s about two ‘hours per day. Assum:lng that
the microwave equipment is always operated whenever it is within
range of these stations, a life requirement for one year of ,
satellite operation would be 365 hours for the 83° orbit and
730 hours for the 58° orbit. For a single trip around its orbit
the satellite may be in view of the ground stations for a
total time varying from zero to a meximum of 9 mimnutes (83° orbit)
or to a maximum of 16 minutes (58°) orbit, It will be off"
for the remainder of the 90-minute trip. For almost half of

its daily trips it will not be in sight of these two ground
stations,

1. " Beacon Tubes :

It is assumed that the vehicle will include a beacon to
assist in radar tracking and possibly for use in transmitting
telemeter data to the ground. . Typical of present-day beacon
magnetrons are the types QK-362, QK-299 and BL-212 which are -
now in production. Two other tubes, the QK-530 and BL-211, are now
in an advanced stage of development. These tubes, which will
have substantially improved performance and reliability, should

be in production in altout one year and hence should be useful
for the ARS program, ' -

1. It is assumed that one station is in the northeast part of

W‘\
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a, QK-362. The QK-362 is a tunable X-band tube (9300 to

9500 mc), with a power output of 60 watts peak, duty factor of
0,002, and anode voltage of 1200 to 1500 volts. An intermit-

tent life test is specified in which (a) the heater voltage
13 applied for 45 seconds, (b) heater plus anode voltage for
S minutes, (¢) no voltage for S minutes, then repeat for a
mimimum of 3000 cycles., This corresponds to a total "on" time
for anode voltage of 250 hours., However, it is understood -
that actual operating times (using the above cycle) of 1000 to
1500 hours are obtained with this tube, during which time the
output power stays constant within about 1 db, Mechanical
specifications include vibration of 10 to 60 cps at 0,08-inch
total excursion, and 60 t0.2000 cps at a constant acceleration
of 15g in each of three mufally perpendicular planes., This
test calls for 15 minutes operation in each plane during which
time the magnetron spectrum is examined and required to remain
within épecified limits. A 500g centrifuge test is includéd
wherein maximm acceleration is reached in one minute, maintained
for one minute, and decreased to zero in one minute, Spectrum
and absolute frequency 1imits must be met during this test,
Shock tests at 500g for 1 millisecond in a plane parallel to
the ma jor axis (cathode) and at 250g in a normal plane are also
included. The tube 1s not required to meet operating speci-
flcations during the shock tests but it must meet all specifi-
cations after these tests, The tube must also withstand a
300-rnm spin about its main axis without shifting frequency more
than -1 25 mc, and maintain its spectrum within limits.

b, QK-299. The QK~299 is a higher powered tunable X-band
beacon magnetron with an output of 800 watts peak and an opera-
ting voltage of I} to L4.5 kilovolts, The life test cycle consists
of (a) application of heater voltage for 25 seconds (b) heater
plus anode voltage for 30 minutes, (c) no voltage for 5 minutes,
then repeat for a minimum of 1000 cycles (500 hours "on" time).
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c. BL-212, The BL-212 is tunable C-band tube (5400 to
5900 me) which has similar specifications to the QK-362 except
that its peak power is 100 watts rather than 60. ‘

d. QK-530 and BL-211, The QK-530 and BL-211 are X- and
C-band tubes respectively, in an advanced stage of develop- -
ment, which will supersede the QK-362 and BL-212, They are
electrically similar to their predecessors, but differ in the
environmental specifications, in the life test specification,
and in the testing procedure, They must withstand 20,000g
spin at 13,500 rpm and shocks of 1000g and 500g parallel to
and normal to the plane of the cathode. The 1ife test spec
has also been increased to 1000 hours rather than 250 hours,
In the proposed production of these tubes, it is planned to.
build 300 and apply all of the electrical tests to these. In
addition, X-rays of every part for every tube are made prior
to assembly, and then an x-ray is taken after assembly. Thirty-
two of the 300 tubes are randomly selected and subjected to
the envirommental tests. If any two of this lot fail the
entire 300 tubes are rejected. These two tube types which
should be in production in about 1 year should result in high
performance and high reliability units,

2. Local Oscillator Tubes

There are in the 3000-t0-10,000-mc band a mumber of reflex
klystron local oscillator tubes which are descendants of the
World War II type 723 4/B. These include, among others, the
2K25, 2K26, and 2K56, They have been in use for a number of
years and a fair amount of 1life data are available.

One microwave link (4000 mc region) comprising about 2l
stations (and twice this number of equipments), has been in
operation about 8 years on a continuous 2i~hour per day basis,
The average life obtained with 2K56 tubes on this 1ink has been
over 10,000 hours and some tubes ~fia.ve gone 25,000 hours, )

pa ! s
s
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Other microwave links in the 6000-mc region have reportes
figures of over 10,000 hours average life for the 5976, which
- 4s in the same family as the tubes mentioned above. '

The [4;16-B, a small triode used at J000 mc, is reported
to average over 10,000 hours in a large microwave link system
employing hundreds of these. tubes, .

3, Transmitter Tubes
It 1s assumed that from 0,1 watt to 10 watts will be

needed to transmit the ferret or television reconnslssance data
back to the ground, depending on the required bandwidth, an-
tenna size, and receiver noise figure. For microwave tubes
having outputs of about C.1 watt, some of the local oscillator
types mentioned above canltbe used. For tubes with an output
of 1 watt, there is available the SRC-}3 family of tubes made
by Sperry which cover the 5925 to 8100 mc range. Similarly,
Varian have their VA-220 series from 5925 to 7425 me, with the

same power output. Both of these tubes have a 2000-hour:
guarantee, but the manufacturers clain that they are designed
for 10,000-hour operation and field usage in microwave links
confirms this, The VA-222 has the same characteristics as the
'VA-220 except that is is designed for condwc tion cooling, rather
than forced air cooling, A suitable heat sink must be used in
order to keep tube body temperature at the desired level.

One Nma.nufadturer states that life expectancy cannot be
predicted from a "run-in" period of 500 to 1000 hours, The
characteristics of these tubes change very slowly during life
until the last one or two thousand hours. A "run-in® period
of a few hundred hours should catch the small percentage of tubes
which have a catastrophic failure. The life expectancy will be
increased if operating temperature is reduced. The recommended
tube body temperature is below 100°c, and for emphasis on relia-
bility a much lower temperature is desirable.
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It is pointed out that tubes operated in microwave links
are run continuoﬁs;l.y, except for repalr or maintemance shutdowns.
In the ARS application the tubes will be operated in an on-off
cycle and it might be expected that these transients might
shorten cathode life, The life of a given tube under cycled
conditions cannot be simply extrapolated from a knowledge of
its life under constant conditions. Because of the many
variables it 1is necessary to run a given tube under the desired
conditions in order to find what its life is, Some data are
avallable from a test performed by Sperry on four of their
" SRC-43 klystrons (which nomllyv:'un about 10,000 hours). These
tubes had heater and b eam voltages applied simultaneously for
one minute, then both were removed for four minutes; this cycle
being continued for 85,000 times, or a total "on" time of
1415 hours, At the end of this time there was no indication
of deterioration of emission in these tubes, The test was
stopped here, The important factor for the ARS program is
that tube life was well over the 400 to 800 hours needed in
the ARS.‘project.

For tubes with a higher pbwer level, say 5 to 10 watts,
several different types are available (see Table 5-3) including
multicavity kintrons, klystron amplifiers, travelling wave am-
plifiers, and magnetrons., Reflex klystron oscillators are
rather diffdcult to make at.this power level for the frequency
range [} to 10 Kme, although a family of 5-watt reflex klystrons
is available in the 2-Kmc region (SRL-7 made by Sperry). The
tubes listed at the 5 to 10 watt level are all in various stages
of development. This almost automatically makes life data |
questionable, except where the tube uses a cathode which has
been previously proved out in another production tube.
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The efficiency figure given in Table 5-3 is that of actual
pdwer output divided by d-¢ power input. It would be more correct
to use an overall efficiency which would include the power re-
quired by the oscillator tube, if one is evaluating amplifier
efficiency. The weight figure must be combined with the weight
. of its related circuitry for the most meaningful figure. Some
of the tubes shown include integral cavities, while others
require external cavities. Power supply stabllity requirements
and operating voltages will affect the weight of the power
supply required. For example, the X-563E klystron amplifier
tube weighs 3 pounds but the amplifier package (including cavity,
focusing coils, blowers, and freame) weighs 27 pounds, Power
supply weight is not included. Because of these considerations,
relative weight and efflciency figures must be used with caution.

It is believed practical to use a traveling-wave amplifier
as an oscillator, by coupling the input and output through a
resonant cavity., Further, frequency modulation can be obtalned.
by modulating the helix voltage. By using the tube in this
fashion,‘rather than as an amplifier, one can eliminate an
oscillator stage. The A-120 tube uses a Pierce type cathode
which should have good life, because of its relatively large
area, but actual data are not yet available for this particular
tube, '

The use of a focuslng solenold with the traveling-wave
tube is not recommended because of the power required (several
hundred watts), the foreed-alr cooling needed, and the resultaﬁt
weight of this package. A permanent magnet, periodic focusing
structure has been developed which replaces the solenoid and
thereby makes the traveling-wave tube an attractive possibility.
On the ground some forced-air cooling would still be required
for collector cooling., Forced-air cooling in the satellite
would require a pressurized case, which is not desirable., It

may be pogsible to design a suitable heet sink so that air
cooling could be eliminated.
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The A-1061 magnetron, with its low operating voltage and
high efficiency, has been the most promising tube for the ARS
application, However, it would be desirable to extend its life
beyond the average of 600 hours now being attained. The use:
of a cathode similar to that used in BCA's C-band weather radar
magnetron should be an improvement in this respect. -

4. Conclusions

To sum up, it appears that life expectancy required for
this application for beacon, local oscillator, and lower powered
transmitter use (0.1 to 1 watt), can be met with existing tubes
now in production. For higher powered tubes, 5 to 10 watts, .
this 1s not the case, Where efficiency is of prime importance
a modification of the.A-1061 FM magnetron may be the most
promising development. For a longer range program, a traveling-
wave tube may eventually provide a more reliable answer to the
problem, '

D, TRAVELING-WAVE TUBES

l., Introduction

A scanning' superheterodyne and a crystal video receiver
with traveling-wave tube preamplifier have been tentatively
proposedl for the ferret receiver. This section will discuss
traveling-wave tube (TWT) performance requirements and relia-
billty considerations in connection with the latter design.

A development program which may make the TWT competitive and

possibly superlor to the scanning superheterodyne aolution is
discussed,

1, RCA and Bell Aircraft Report "Development plan for an Advanced
(Satellite) Reconnalssance System for United States Air
Fo;ce Feb, 29, 1956 - Contract AF33(616)-3104 pp. -L;B to
2-52
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2. Regquirements

A 1listing of the ferret parameters affecting the receiver
‘design (Table 5-4) will serve as a basis for deriving TWT per-
formance requirements. -

TABLE 5=
Ferret Paraemeters
Minimm Signal Amplitude? -SEdbm
Acceptable S/N ratio 15db
Frequency Range 1 T00 to 12,000 megacycles
Maximum channel bandwidth® 3000 megacycles
- Assumed video bandwidth 10 megacycles
(0.1 microsecond pulse ‘
length) ’

If the channel bandwidth were not so wide the TWT noise,
for a reasonable noise figure, could be neglected campared to
the noise in the crystal video. For the case under considera-
tion, however, the TWT noise is not negligible, Gonéequently
the mimimum gain depends on the maximum noise factor as shown
in Table 5-5, The figures therein given represent end-of-life
conditions. ‘

TABLE 5-
Required Gain va Max Nolse Figure for 3000-M¢c Bandwidth
‘Gain db Noise Factor (ab)

23 : 0
23.5 10 ,

ol . 15 :
25 : 17 A .
28.4 20 .
a 21.5

1, RCA and Bell Aircraft Report "Development Plan for an
Advanced (Satellite) Beconnaissance System for United States '
Air Force" Feb, 29, 1956 - Contract AF33(616)-3104 pp. 2-48 to2-22
2. RCA and Bell Aircraft Report "Second Quarterly Progress Re’gort,
"Advanced Reconnaissance System, Research and Design Study
Contract AF33(616)-3104 p. 111-42 Fig, III-20,
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Simllar figures for a 2000 mc bandwidth are given in Table 5-6,
| TABLE E-6 |
Required Gain vs Max Noise Figure for 2000-Mc Bandwidth

Gain db " Noise Factor (db)
2 ‘ 0
2%-3 10
23.9 15
27.0 20
a 22.2

Since ferret does not propose to measure slgnal inten-
slties, moderate variation in gain across the pass band of
the IWT will not be important as long as the gain does not
fall below the values listed in Tables 5-5 and 5-6, Diffi-
culties arising because of gain variation with frequency can
be readily corrected either by suitable networks in the out-
put of the TWT or by systematically adjusting the thresholding
of the crystal video receivers fed by the TWT preamplifier,

Shock and vibration requirements, pertaining only to sur-
vival in a non-operating condition apply to the TWT. The
duration of the test period should be based on the time be-
tween launching the satellite and its entry into orbit,

The power consumed by the TWT pre-amplifier must be com-
patible with the ferret power plant capacity.  For Ferret 1.
which is powered by batteries, only 60 watts has been allotted™
to the receiver. In Ferret 2 the power plant's average capacity
is 250 wattsz. Assuming that a power storage facility 1is

included and that the operating duty cycle is 10 percent the

1, Refer to footnote #2, page 5-20
2. Refer to footnote #2, page 5-20

5-21
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peak power available is 2500 watts of which an, as yet, unde-
termined fraction would be supplied to the receiver. Ferret 3
has an even larger powsr capability and need not be given con-
sideration,

3, Status of Available TWI's

While the low power, wide band TWT has interesting possi-
bilities for ferret application, considerable development is
required before a practical ferret receiver can be constructed

using TWT's, Some of the deficlencles of currently available
tubes are:

1)

2)

3)

h)

The power required (100 to 180 watts per tube) for
electromagnetic focusing precludes the use of the TWT
in Ferret 1 but not necessarily in Ferrets 2 and 3.
However, the large power required for electromagnetic
focusing alone puts the TWT receiver at a disadvan-
tage compared to the scanning superheterodyne receiver
Present tubes and their focusing coils weigh from 15

"to 23 pounds depending on whether the winding is

aluminum or copper. Ths weight of a full complement
(five to seven) of TWI's (75 to 160 pounds) puts the v
TWT receiver at a disadvantage campared to the scanning
superheterodyne. -
Full frequency coverage (700 mc to 1200 mec) is not
possible at present. Tubes do not appear to be
available in the lower part of this spectrum.

Adequate shock and vibration testing has not yet been
performed., It is doudbtful if present tubes could
withstand a realistic test. Some work is being done

‘at RCA's Harrison plant to ruggedize the helix,
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The disadvanfages-of electromagnetic focusing are not
inherent in the TWT. The focusing power can be eliminated and
the weight substantially reduced by employing periodic magnetic
fbcuéingl with permanent magnets. This principle has already
been used successfully in the developmental power TWT type A108)
by the TWT section of RCA at Harrison, "According to these
people a low power TWT employing periodic magnetic focusing
should weigh no more than 3 to § poundsz. The permanent '
magnets would be small enough to be incorporated into the
tube structure. If this were done, the manufacturer would
supply the tube prefocused. The user would not be required
to align the focusing field as he must be in the case of
electromagnetically focused tubes., ‘

If electrostatic focusing proves to be practical, weight
reduction to less than 1 pound3'per tube may be in prospect.
TWT tubes employing a bifilar helix have been constructed at
the RCA Laboratories at Princeton., Focusing is accomplished
by a combination of electrostatic and magnetic fields. A
magnetic field applied to the cathode region of the TWT focuses
the electron stream until it is introduced into the bifilar
helix, Beyond this point the electron stream is constrained
by electrostatic lenses formed between each turn of the helix
by applying the proper d-c voltage between the windings of
the helix,

The electrostatic tube, while promising, is still in an
early developmental stage. Hence its possibilities as a pro-
duction tube cannot be estimated with the same assurance as -
the periodic magnetically focused tube,

1. RCA Review Sept. 1955, Vol XVI, "Perdodic Magnetic Focusing
"~ for Low Noise TWT" KKN Chang, '

2. Does not include the weight of a mounting capable of with-
standing shock and vibratlion.

3. Op. Cit, footnote #2 this page,
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To offset the difficulties listed above, the TWT has in- ‘
teresﬁing reliability possibilities assuming it can be ruggedized
to withstand shock and vibratidn. In developing TWT's employing
the basic Al038 envelope and helix, the RCA Harrison people
 have noticed that tubes which passed the 50-hour service mark
usually had a life well in excess of 1000 hours, For example
four tubes placed on life t@st early this year had accumulated
by June 1, 3000 to 3500 hours service -without marked deteriora-
tion. By 50 hours the catastrophic failures, ﬁrimipally
leakages, have largely occurred. With these failures eliminated,
a long life should be expected for the rémaining tubes because
the oxide coated cathode, the weakest tube element, is run
at a very low temperature (750°C) and neither the noise factor
nor the galn is critically’dependent on cathode emission,

. Derivafion of the Gain and Noise Factor Requirements

‘The computation of the TWT gain and noise factor require-
ments proceeds in this manner: .

1) Compute the nolse level of the crystal video receiver.

2) Compute the noise at the TWP input,

3) Transferring the signal level (-55 dbm or 3.16 x 107
watts) and item 2 to the crystal video input, combine
transferred noise with item 1.

4) Find the relation between gain noise factor to achieve
15 db signal-to-noise ratio at the crystal video input,

From published datal the noise level of a 10me bandwidth crystal
video receiver is -47 dbm (2 x lo-ewatts) for a figure of merit

of 18. That this figure checks reasonably'well with practical
crystal video receivers can be shown as follows: o _

A keying threshold of -4O0 dbm is easily attained for a -

2 mc bandwidth. Referring to the published data, the noise .
1. M.I.T, Radiation Lab Series #3 "Radar Beacons" p. 176 Fig, 8-18
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level of a 2 me orystal video receiver is -50 dbm. The differ-
ence (10 db) is a reasonable allowance to achieve a workable
false alarm time and probability of keying.

The noise at the input to the TWT is at 3000 mc, neglecting
video integration due to contracting the video bandwidth to
10 mo: 1.374 x 1023 x 300 x 3000 x 10% ¥ = 1.2 x 1071 ¥p
where NF ia the noise factor. Including the effect of con--
tracting the video bandwidth to 10 me this becomes
1.2 x 107 1iNF x'/C!L_. = 0,715 x 10"12 NF,
- 3000 :
The noise at the crystal video receiver is the sum of its
noise and the amplified TWT noise or

0.715 x 10°12 NFe + 2 x 1070 watts
The signel at the crystal video imput 1s: 3,16 x 107G,
- The requirement that the signal be 1,5 db above noise requires that-

3,16 x 10”76

. = 31,6 or
0.715 x 10-12 §pe + 2 x 1070
200
%= 1.o0.75 x 1072 (1)

This relation is tabulated in Table 5-5.

 The TWT noise for a 2000 me bandwidth, neglecting video
integration is:
2/3 x 1.2 x 10°118F = 0.8, x 10°11xF
Including video integratign.this becomes
-11 ;10 -12
0.84 x 10 NFEm— 0.6 x 10”"°NF

Proceeding as above the relation between gain and noise factor

for a 2000 mc channel bandwidth 1s:
200

1 - 0.6 X'10'ENF

G =

This relation is tabulated in Table 5-6,.
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5., Recommended TWT Development Progrém

The TWT section of RCA at Harrison thinks it is practical
to develop production designs for fram five to seven rugged,'
rellable wideband TWI's employing periodic magnetic focusing
that cover the spectrum from 700 to 12,000 megacycles. Such
a program need not develop basically new ideas to be successful,
The development problems are within the range of RCA experience
and involve only time and manpower for their solution, While
a TWT development program should include work on the electro-
static tube, the goal should revolve essentially about the
magnetic trpe to ensure success. '

The relative advantage of a ferret receiver based on
these improved TWT's and one based on the conventional scanning
superhete;'odyne has not yet been resolved, Assuming, for dis-
cussiori, that thlis question has been decided in favor of the
TWT, the problem areas are as follows:

a, Rupgedization. A structure for supporting the tube.
elements, the magnetic structure and the tube itself must be
devised that 1s capable of withstanding the shock and vibration
to be expected during the interval between launch and entry into
orbilt., An adequate shock and vibration testing program must.
be developed for this program,

b, Design of the Helix Assembly., Problems arise in
connection with matching the coupling into and out of the helix
over a broad band. Consideration must be given to frequencies
well outside the passband. For example, it is not impossible
for a broadbanded S-band tube to oscillate at L band.

In addition the match into the attenuator and the re produci-
bility of the atteniator require careful attention,
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¢, Periodic Magnetic Structure, This ares is concerned
with the tolerances, and the support of the permanent magnets
and magnetic materials. The higher the flux density that can
be attained, the less critical are some of the tube tolerances
and the more flexible is the design. ' '

d, Electrostatic Focusing, Problems arise chiefly in
the shaping and the tolerance of the cathode magnet"'s field
particularly in the transition region between the magnetic
and the electrostatic focusing areas., Tolerances and support
of all elements peculiar to the electrostatic tube are to be
examined. '

This development program will involve approximately 50 man
years of engineering effort spread over lj or 5§ years. With this
and the performance to be expected from improved TWI's in
mind, there should be a basis for comparing the relative merit
of the two forms of the ferret receiver.

E, VIDEO RECORDING

The magnetic recording eciuipment " belng proposed for
storing the reconnaissance data in the vehicle until it can
be transmitted to the communication station is one of the more
compiex components of the complete system. In considering ways
"to improve the reliability of video recording for satellite use,
the problem has been subdivided into (1) tapes, (2) bearings,
and (3) drives for the tape transport.

1, Tape Reliability

A polyethylene terephthalate plastic, Mylar, is used for
the base material of the magnetic tpae. Compared with other
plastic materials, Mylar has an exceedingly high tensile strength
and is almost chemically inert. The chains of molecules are
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oriented so that the material will yield or stretch to a point,
but beyond that point its strength will increase markedly. The
tape is being operated far below the yield point so that stretch
is not a problem in this application,

A relatively small loop of the tape, a variable speed
drive, and a magnetic head has been set up to test the tape’é_
qualitles, After the equivalent of 10,000 hours of operationit
showed only very slight signs of abrasive wear either from the
sides of the reels or from the head itself, There is no evi-
dence of wear caused by friction between adjacent windings
of the tape. It is plamned to use sapphire or diamond edge
guides to keep the tape properly positioned. '

The tape can operate in the temperature range of from
-40° to 100°C, Temperature extremes do not alter the thickness
or width characteristics of the tape sufficlently to cause
concern in this application. Operation in a vacuum should
have no 111 effects on the physical characteristics of the
- tape, although operation 1n vacuo must be studied to make cer-
tain of this, If positioning the tape becomes a problem during
the programming of the piclkup and playback of the reconnaissance
data, a special control track on the tape will be used for
positioning the tape relative to desired information contained
along its length.

At the present time tapes can be procured. from the
manufacturer in continuous 10,000-foot lengths, Arrangements
can be made with the manufacturer to obtain 30,000-foot tapes,
free of splices. Splice-free tapes will hold the loss of re
: connaissanc9 data to a minimum, . : _ '

The pressure of the tape on the recording head was not
measured, but is known to be extremely small. During recording
and playback in a vacuum, the pressure of the tape on the head
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could be reduced because of the absence of air and gas molecules
betweéen them, ‘

The coating used on the tape is an ©émulsion of gamma -
F°2°3' These acicular particles are slightly less. than one -
micron in length, and about 0.1 micron in dlameter., During
manufacture these particles are oriented by a magnetic field
while the binder is in a plastic state. After 30,000 passes
of the teat tape (equivalent to approximately 8000 hours of -
actual operation) there was only slight evidence of noise in
the recorded signal due to wear of the tape, and no evidence
that loss of particles had degraded the quality of the signal,
It is interesting to note that the megnetic tape would be re-
quired to record and playback a total of only 800 hours during
a year's operation of the ARS vehicle on a 83% orbit.

The amount of wear between the tape and the head during.
operation in a vacuum at the rated speed is not known at present.
As stated above it 1is thought that the necessary tension in a
vacuum between the two for satisfactory operation will be low
but this same lack of air and gas molecules will probably increase
the friction between the two, '

There do not seem to be any known poisons that affect the
operation of the magnetic tape. The problém of physical em-
bedding of particles (dust or metal) into the tape itself is
one of the problems that will have to be resolved, The em-
bedding of foreign particles will elther displace the iron
particles and produce a magnetic hole or it will keep the tape
from coming into contact with the head.’

The problem of "gunking®, the accumulation of the binder
on the recording head, is a severe one. As the binder builds
up on the head it lifts the tape from the head and so degrades
the quality of the signal, This problem varies with different
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tapes and its magnitude depends upon the physical characterlstics.
of the binder used in manmufacture. A tempaery relief for this
problem as concerned with the test loop has been effected by
using a wiper near the head that is impregnated with a silicon
oil., This tends to lubricate the tape and to remove the binder
particles before they can collest on the head, This :E'emedy-
cannot be used in a vacuum because the vapor pressure of the
silicon oil is too great. Thls problem needs much more study
and experimentation before a workable system with the desired
reliability will be had. The best solution would be to find

a binder that either would not come off the tape, or one that
would not bulld up on the head.

Print-through, a form of crosstalk, is another problem.
with the magnetic tape in current use, Print-through occurs.
while the tape is wound on the reels. The magnitude of the
effect is an inverse linear function of the thickness of the
tape, This will be one of the limiting factors when attempting
to use a thinner tape. The effect of print-through may be min-
imized by restricting the low frequencies on the tape. It is
suspected that all forms of radiation will tend to make the
problem worse. This problem should be studied to determine.
the magnitude of the print-through as a function of time in
storage, and also to determine what effect if any particles
of dust or metal would have on it,

Tape speeds of 100 and 400 inches per second are being .
considered., Both have their advantages, but the 100 inch per & .
second speed offers the least problems, By using a system of
frequency division a signal of 8-me bandwidth can be recorded
by . breaking it down into four signals of 2 mc each, This can
be done on one 0.5-inch 30,000-foot tape traveling at 400 inches/sec.
The 8-mc signal may also be recorded at a 100 inch/sec tape speed
by using frequency division and 1imiting the bandwidth of each
channel to 220 kec. This requires 36 channels which can be had
by recording nine channels on four 0. S-inch tapes, six channels
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on six 0.5 ipch tapes, or by recording all 36 channels on one
2-to-3-inch tape.

The present plan is to mount several heads in a turret that
can be rotated by signals from the ground; while one head is:
in operation the others could be cleaned. The present useful

life of a head is approximately 1000 hours,

The random discharge of electrostatic charges developed:
by the tape can be a serious problem because of the resulting
interferemce to associated electronic equipments. This problem
has been successfully countered by employing grounded idlers
which remove the charge before it can build to high pofentials.

The possibility of employing magnetic tape that is coated
on both sides is being explored. If this tape proves feasible
it would result in an overall reduction of the size of the tape
transport as well as the amount of tape needed.

2. Bearing Reliability

A major problem of running rotating machinery in a vacuum
is that of lubrication. Lubricants that will function properly
in ordimary applications are useless when employed in a vacuum
because they boil off leaving the bearing dry. Several methods
have been tried under Air Force contract number AF30(616)-2576
to remedy this situation. .Morganite, a graphite compound, was
used as a lubricant for a steel ball bearing assembly. The
bearing was cleaned with carbon tetréchloride, rinsed with
acetone and then packed with the graphite compound. The bearing
showed less than 0,00l-inch wear after 2000 hours of operation.
When this bearing was tried in a vacuum 1t froze after a short
running time. Another method used a low vapor pressure silicone
oll to lubricate the steel bearings. The major difficulty was
that the vapor pressure of the silicone o0il was much too high
for high vacuum operation. The other difficulty was that these
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‘0ils tend to "creep", thus a bearing would become dry even if
the oil did not boil away. ' '

In the lubrication method that currently shows the most
promise, the bearing is first thoroughly cleaned after which
aluminum and then barium are vacuum deposited on the bearing.
The bearing showed no apparent wear after 780 hours of opera-
tion in a vacuum of 45 microns, running at a speed of 3600 rpm,
with a 6-pound radial load. This bearing is still under test.
" When barium was deposited directly on the steel ball bearihg
there was a severe problem of oxidation as soon as it came into
contact with the atmosphere, The‘problem of oxidation does

not seem of any consequence when the barium is plated over the
aluminum. |

Another approach to the problem of lubrication is to re-
place the steel balls with sapphire balls and run in the bearing
dry. It is claimed that no lubricant is needed for this bearing
material, An order for these balls has been placed with a
French concern and experimental tests wlill be made as soon as
they are obtalned.

3. Drive Rellability . :

The feasibility study has indicated that it would be de-
sirable to use a d-¢c motor as the prime mover, An electro-
magnetic clutch, the excitation of which is inversely propor-
tional to the output speed would couple the motor to the tape
transport to obtain the constant speed drive required, It is
planned to use reels that have a falrly large hub dimension so
that the diameter differential between an empty and full reel
due to tape pile-up will be as small as possible. A tape trans-
vort with a 20-inch diameter reel that is spoked like a bicyecle
wheel has been designed. With this transport only one inch of
tape piles up for every 10,000 feet transported,
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li. Rcommendations

a. Tapes. The reliability of the entire magnetic tape
storage would be improved if the speed of the tape could be
reduced, This would reduce the bearing problem, the length
of tape mecessary, the wear of the tape, and the size of al-
most every component of the system. Extensive efforts should
continue on this problem. "Dusting”, the loss of emulsion
jaarticles from the tape at the magnetic head is another
serious problem. While these particles do not reduce tape
life, their presence in a’gravity-free environment could im-
pede the operation of such equipment as bearings, relays, and
optical equipment. This problem is much worse with new tapes;
it reduces with the age of the tape. The RCA Laboratories
are belng ‘supplled with a tape that has been processed to re-
duce this problem of dusting. Further examination is re-
quired to determine if dusting can be still further reduced
by other means, If manufacturing techniques cannot be devel-
oped to reduce dusting to an acceptable minimum, then other
measures will have to be employed. Ons possible approach would
use & precipitator near the place that the dusting occurred
to ccllect these particles before they could cause any harm,.

Dirt or metal particles becoming embedded in the tape
may become a very serious problem, These particles will scratch
the head when passing over it; these scratches would in turn
scratch the tape and reduce its useful life. The scratches
on the head could become large enough to fom slivers which
would tear the tape and destroy the reconnaissance operation,
The playback from the vehicle to the ground station can be
moritored so that excessive noise can be detected., If noise -
does become excessive the defective head can be replaced by a
olean one. While the reconnaissance data are being recorded
no such monitoring can be accomplished.‘ ‘
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Study and experimentation should be conducted to devel‘op
a method of keeping the t ape clean, If it proves impractical
to hermetically seal the entire tape transport, it might be
advisable to brush the tape clean or to precipitate the particles
immediately adjacent to those areas.

Tape tension must be maintained at a constant value to
minimize the possibility of breaking the tape. Under the ARS
feasibility contract, a system has been developed using servos
that measure the tension of the tape and govern the speed of
the windl ng and unwinding reels accordimgly. While this
mechanism works very well, it introduces more rotating machinery
and the attendant bearing problems. A mechanism now in the
desipn stage promises the greatest reliability. It uses springs
to maintain near constant tension on the tape as it winds or
unwinds from the reels., The capstan then would be the only
driven member, This will greatly reduce the chance of 'tape
breakage, and will at the same time reduce the amount of
electronic and rotating equipment -in the vehicle.

The correct pressure of the tape on the reé.ording head
during operation in a vacuum can probably best be determined
by experiment, This 1s also true for determining the friction
between the tape and the head,

Gunking of the head can best be remedied while the tape
is being manmufactured. This problem could become much worse .
in vacuum operation because of the lack of water vapor. In this
area experiment and tests in a vacuum will be of considerable
value,

b, Bearings. The work that is being done on the vacuum
evaporation of aluminum and barium on the steel ball bearings
looks very promising, and further work along this line should
be done, Thers are possibilities that other metals such as

e
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indium might do a better job, If indium could be used it would
save the use of the aluminum and might result in a stronger
bond to the steel. The bearings should be tested with the load
ther are expected to bear, at the rated velocity, and in the
best vacuum obtainable. Work should continue with materials
like sapphire to try to find others if sapphire balls do not
prove to be satisfactory for the application.

¢, Drive Mechanism., Instead of utilizing a d-c motor-

magnetic clutch combination to obtain the constant speed drive
for the tape tranasport, it might be desirable to use an all-
electronic, frequency stabllized transistor converter to power
a synchronous motor, The advantages are many. The transistor
converter is efficient (approximately 8Opercent) reliable, small
in size, and conteins no moving parts. The synchronous motor

would circumvent the problem of brush wear that exlists with
 the d-c motor, The transistor power supply synchronous motor
combination could be packaged in the same space as the d-c
motor-magnetic c¢luteh combination, ‘

The coupling between the prime mover and the tape transport
may involve speed reduction or change of axis of rotation to
conserve space ., While belts might be used, serious problems
may arise from the fleXxing of belts in a vacuum. It appears
that a flat belt may be preferred to V-types., Chain drives
are definitely not to be considered because of the problem of
lubrication of the bearings in the chain,

Considerable study and testing must be done to determine
the most suitable cooling arrangement for the bearings and the
motor. The question of what type of insulation to be used in
" the motor will have a direct bearing on the type and amount of
cobling employed. Insulations containihg organic materials,
generally, should not be used because of the problem of gassing
and decomposition. The products of the decomposition and the
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gas itself may condense out on relay contacts and other critical
parts causing faulty operation, Even spun glass insulation
contains organic materials that would cause this difficulty.
The silicones appear to lend themselves Qer‘y well to high
temperature, .high vacuum work and should be investigated.

A ‘The size of the motor required for the drive of the tape
transport is & function of the type of bearings used as well
as the acceleration desired to obtain the required operating
speed of the tape during the start of recording or playback,

F, CONTAINERS FOR PAYLOAD EQUIPMENT

1, Introductlion.

Packaging designs for the ARS equipment are influenced
by the physical design of the vehlcle, the environment of
the vehicle, and the environment required for the equipment.
These factors and their influence on the choice of a packaging
design are discussed and then specific suggestions for a A
packaging desigrn are given, These recommendations follow the
physical design of the vehicle as specified by Bell Aireraft
Corporation and the equipment requirements for an early test
vehicle. '

2., Envirommental Factors

a, Acceleration in Ascent. It is understood that accel-
erations in excess of 10g at frequencies up to 1500 cycles sare
transmitted to equipment in ascent, These conditions therefore
override the requirements for strength of materials in orbit,

b, The Temperatures in Ascent. The températures encoun=-
tered in ascent are higher than those calculated to obtain at
any point on the vehicle skin during orbiting, Moreover the
skin temperature envirommental to the payload vélume with which
this stu&y is concerned is uniformally high during ascent but
"spotty" and variable during orbiting.

ey N
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However, the time of ascent is only 30 minmutes, approximately,
so that i1f a local element of payload is insulated from the

vehicle during ascent and/or has sufficient heat capacity the

temperature of this element will not rise intolerably during
this time. '

c. The Temperatures in Orbit. In orbit the temperature
of the skin at the points of maximum variation range from
about 385°F to -170°F, For reasons determined by vehicular .
stability it is desirable to place the payload containers in
those volume regions which are subject to radiation and con-

duction from those adjacent akin areas of maximum temperature
extremes,

However, the mean temperature in a particular location, _
the heat capacity of the particular chassis within a container,
the operating temperature desired, and the heat generated
within will determine whether insulation against heat conduc-
tion is desirable or not and what surface conditions must be
provided for a given container housing a chassis,

3. Vehicle Structure

a. l‘iountigg Facilities. In the ‘design of the. vehicular
structure provision is made for annular frame braces of U-shaped
cross-section spaced every 9 inches longitudinally along the
skin of the payload volume of the vehicle. The flat face of
the web of the U-channel just inside the skin provides a 2-inch
radial surface which may be used for the support of payload:
containers, Howeve'_r, each ring consists of three equal ringed
sections of 120° each to allow for transverse movement due to -
temperature changes. This arrangement prohibits the use of
supvorts for the containers which might bridge the-hinges unless
flexibility in the new supports is also provided. Moreover -
supports from brace to brace must be provided with flexibility
for longitudinsl thermally-caused movement,
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b, Vehicle-~Borne Equipment. Below are tabulated data
on the equipment anticipated for the early vehicle., Data are
for each unit,

Designation HNumber Anticipated Approx., Internal Duty Weight

of - of Operating Dimen- Heat Dis- Cycle (1lbs,)
Equipment Units Pressure sions sipation
: (inches) when op-
eratin
(watts
Transponder 2 at 5x5x13 o 110 20
Batteries 1 A 20x20x10 - — 500
Clock and 1 A 6x7xl} 0.4 1 7
Order Stor-
age _
TV Camera 1 (o} 8x3xl} L 1/30 i
Telemeter- I 0 - , - - -
ing : ' _
TV Communi- 1 0 lyxbx2 - .- 11/2
cations '

*a - Atmospheric

It will be noted that the largest container would be re-
quired for the batterlies if these were all put into one confainer.
However, in view of the large mass of the batteries, it would
seem advisable to house them in four containers of épproximately
1000 cubic inches each. This greatly reduces the bending moment
on the supporting brackets and allows better weight distribution,

For those units for which atmospheric pressure operation
is to be maintained a relief valve would be required. A
sultable type having continuous settings from O to 20 psi -:one
among several makes available - is the Circle Seal Type P-24;9
valve particularly adaptable to use with thin materials since
it ig of the through type with backing nut. A 9/16 inch hole
with a 0,56-inch I,D, by 0,75-inch 0,D, washer is required. The
operating temperature range is from -80 to JO0°F with silicone
"O0" pring, The body materisl is aluminum,
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Connecting plugs would be required for all units, of course,
and hermetically sealed comnectors Tor the pressurized units,
Several manufacturers make these available,

c. Other Mechanical Considerations, Since allowance 1s
made for thermally caused mechanical movement of the vehicle,
both radially and longitudinally, similar allowance must be

made for the containers attached and for chasslis mounted within
then, -

Some of the chassis may require shock mounting; it should
be determined that mechanical resonance does not bulld up to
intolerable amplitudes. |

Additionally the mass of the containers, chassis and mounting
means should be a minimum consistent with mechanical strength.

To reduce bending momenxs on the supporting brackets
-attached to the frame brace, containers, particularly those
housing heavy units, should be mounted close to the frame

braces, ﬁbwaver, they should not be allowed to touch the skin
since conduction of heat té and from the skin, which experisnces
a large range of temperature variation,‘uould then be encpuntered
increasing the variation in the container, The presence of '
conduc tion might not be serious but would generally not be
advantageous,

In adaition the container sﬁpporting brackets should be
poor conductors of heat, strong in relation to weight, of stiff
material initially and tapered to take the cantilever thrust
of ascent, It 1s believed that properly shaped beryllium brackets
of no greater than 0,25-inch thickmess would suffice for all
projected mountings (see Figure 5-3). '
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In general a cylindrical configuration for a container is
considered preferable to a spherical or rectangular one inasmuch
as the vehicle is cylindrical and the frame braces are cilrcu-
lar, A very-thin-walled cylinder made thin to save weight has
great strength as & colum particularly if it is Feinforced
with an internal framework to maintain rigidity. Since the
internal framework can itself constitute a chassis without
heing made air tight, where the container itself must be
finally air tight, it is in a convenient form for initial
mounting of parts. Some form of final compléte covering,
preferably of polished aluminum or better is desirable in most
cases to prevent direct radiation pickup. In addition, flange
sealing is facilitated with a circular container, |

However, for a chassis that does not have to be pressurized,
the framework only with suitable end plates can serve as the
container. Shock mounts may be directly attached to these end
plates which in turn may be mounted to the frame braces as is -
the cylindrical container., A covering for the framework could
be attached after the chassis was ready. In this case the
' framework could take the thrust or 1t could be made strong enough
by the addition of the covering. ' '

The use. of shock mounés serves three purposes, In addition
to providing shock mounting and suppressing high frequency °
vibration the mounts give heat conduction insulation to a chassis
and constitute a thermal expansion joint, Without shock mounts
a bellows type of cylindrical container could be used. However,
for pressurized units restraining springs in tension appear
necessary externally so that the force of the bellows as a piston
would be restrained, |
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i, Supgested Container Arrangements

One arra"rx;ement believed feasible is shown in its several
aspects in the drawing of Figure 5-3. Pigure 5-3¢ is a cross-
sectional drawing of a container niéunted,between Bx?aoes. The -
view is that of Section A-A of Figure 5-3a which among other
things depicts the design by the Bell Aircraft Corporation of
the frame-brace hinging and its orientation relative to the .
plane of orbit. Figure 5-3b i1s a cutaway drawing showing an
end view of the internal assembly. Figure 5-3d shows how the
four battery contalmers are balanced with respect to the orbital
" plane. Figure 5-3e 1is drawn to make clear the’pr'oposed dis-
position of all units among ‘the seven braces available, Some
space between the two forward braces is required for the nose
mechanism, /

The drawings are not to scale since further research is
necessary for exact choice of materials and configuration,
Moreover only one sample box is shown although several sizes
doubtless would be used when the charac_ter of each item of
equipment is detemined. Box size is flexible radially but
not longitudinally except in steps determined by the distance
between braces unless offset box mounting brackets are used.

In the scheme of Figure 5-3, an individual container has
first an inner box fabricated of alumimum with "L" angles for
the frame and an oversize circular end the outside edge of which
serves as a flange, With or without sides and bottom, as re-
quired for the particular equipment to be mounted in it , this
box is smugly fitted into a cylinder whichbas both ends flanged.
The box flange and the cylinder flange at one end are then
screwed to an outer plate, Shock mounts serve mow to connect
this plate with the brace mounting plate on one brace. The other
end of the box is umattached but the flange on the same end of
the cylinder is screwed to its end plate which in turn is
supported by shoek mounts to another brace spaced 9 or 18 inches
longitudinally from the first depending on the length of the

",-l-l
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box, The cylinder :constitutes the actual container. For those
containers which are to be preséurized a ring seal between the
box flange and the cylinder flange and a relief valve would be
provided as indicated in Figure 5-3¢c. A connector would also
be used in one end as shown, A hermetically sealed connector

- would be used for each pressurized unit, '

The type of shock mount or vibration isolator illustrated
in Pigure 5-3 is that of the Barry Type 6l-BA-4O. Each is
rated up to 40 pounds load and 15g shock. The temperature
range of operation is indicated to be from about -zuo"x to
470°K (-35°C to 195°C or -35°F to 384°F). The effectiveness
of this 1solator 1n‘blocld.ng high frequency disturbances in
the range of 100 to 1500 cps would have to be particularly wégll
investigated, PFor specific characteristics cooperation with
manufacturers would be solicited and proof tests made on this
as well as on all materials and assemblies,

A study of the mounting arrangement is that sketched in
Figure 5-4, This arrangement might be used for a somewhat
massive load or for one requiring supj:ort in the center of the
vehicle, Inasmuch es the vehicular diameter is 62 inches and
such supports could obstruct additional loading few could be
convenlently used.,

For this configuration the container assembly itself would
be the same as for Figure 5-3c but each support plate would be
rectangular and be at tached to.a set of trombone type cross
members as shown in Figure 5-4, BEach set of cross members
would then be attached to frame braces spaced 9, 18 or 27 inches
apart,
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Figure 5-4;. Container Support
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CHAPTER VI
SPECTAL TEST EQUIPMENT

The ARS enviromment will be so urmsual that much test
equipment of a nature not usually found in electronics or
aircraft laboratories, and much that represents a major item
of expense will be required. Accordingly a brief study has
been made of the required test equipment, Listed below are both
ma jor expensive items of test equipment and instruments not
normaelly found in a well equipped electronics or aircraft lab-
oratory. The majority of the test equipment described is for
the purpose of enviromment simulation, but some items are for
the testing of such special components as the radars and ferret.

It is naturally assumed that ordinary laboratory and fac-
tory test instrumentation will be available, By "ordinary" is
meant such equipment as would normally be found in a concern
specializing in the manufacture of electronic equipment. Such
equipment would include AC and DC meters, oscilloscopes, tube
testers, signal generators, optical benches, and shop facilities.

"A. VIBRATION TEST EQUIPMENT

» The vehicle and its components must successfully withastand
the powerful vibrations generated by the ARS rocket motors.
The rocket motors per se may be considered as sources of al-
most uniform accoustic noise. However, in a practical vehiclé,
resonances occur in the vehicle structure, the mounting brackets
and the equipment structures so that the vibration applied to

specifiQ components 1s greatly accentuated in certain frequency
intervals and attenuated in others, This makes it difficult

to Specify a vibration test that simumlates realistically the
conditions encountered in flight, However, performing the
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four tests described in the succeeding paragraphs will ensure

a very high degree of reliability. The vibration tests must,

of course, be followed by electrical teasts to check for possi-
ble deterioration.

1. Component Tests

‘ All components used should be tested at the level of
vibration expected from the ICBM booster., A figure of 1lO0g's
has been given verbally for this booster, but it is not known
whether this is the effective input or whether the effects of
resonances have been included. Hence the exact specification
of the test should be determined later. A preliminary esti-
mate of a sultable test is as follows: Apply 20g of acceler-
ation to the parts over the entire frequency range from 3 to
2000 cps. A suitable vibration exciter for this purpose might
be the Model C1l0 produced by the M, B, Marmufacturing Co. of
New Haven, Comnecticut or the equivalent. This equipment is
capable of applying 1200 pounds of force to a load of over

50 pounds at 20g's, with automatic cycling of the applied fre-
quency. The exciter and electronic power supply T51MC may

be purchased for $15,305.

2, Subassembly Tests

Subassemblies, chassls and larger components should be
tested on the same exciter. Because of mechanical resonances,
these subassemblies should not be expected to withstand as
great an acceleration as the components themselves. The exact
specification should be determined later, but tentatively it
might read as follows: Apply 10g's of acceleration to the
subassemblies over the entire frequency range ffom 3 to 2000 cps.
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3; Test of Overall Assembly

The entire vehicle (or at least the nose cone containing
the complete payload) should be vibration tested as a unit. |
For this test perhaps 2 to 4g's (or more) should be_ applied to
the assembly over the frequency range from 2 to 2000 cps.

A suitable vibration exciter for this purpose might be the
Model C100 manufactured by the M, B, Mamufacturing Co. or

the equivalent, This exciter with the P100 HA rotary power
supply sells for $80,813. It can supply a vibratory force of
12,500 pounds. This amounts to 3.5g's on a 3500-pound vehicle.
If more is desired, a Model C100 can be used at each end of
the vehicle. |

For this test, the vehicle should be suspended on cables
so that the exciter does not carry the weight. The vibration
is then applied to the end of the vehlcle through a suitable
connector,

i, Pinal Vibration Test

As a final test of vibration stability the complete
booster and vehicle with payload should be mounted in a test
stand and fired while held stationary. The payload should then
be tested for deterioration.

5. Discussion of Vibration Testing

The tests described above should not be regarded as the.
basis for accepting or rejecting the equipment. It is be-
liew}ed rather that the tests should be a continuing aid to the
development and design of reliable equipment, Many components
and many structural arrangements will be tried and found un-’
satisfactory. A number of changes in components and changes
in structure will be found necessary before satisfactory per-
formance 1s obtained,
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B, VACUUM CHAMBERS

Five vacuum chambers are suggested as envirommental test
equipment for the ARS vehicles: two high-vacuum ovens, of
different sizes » & quick-pulldown chamber, an ultra-high vacuum
chamber, and a low-vacuum oven, |

l, High-Vacuum Ovens

Many components of the ARS payload, such as vacuum tubes,
transistors, and batteries must be maintained in a specified.
temperatufe interval, Hence an important design factor is the
transfer of heat from the walls of the vehicle to the payload;
For design and test purposes, it would be desirable to simu-
late this heat transfer by means of some sort of oven,

Examples of the equipment which might be tested in this
vacuum oven are the cameras and mirror wheel, the stable table,
the tape recorder, the electronic gear, and. the envirommental
ins trumentation (such as geiger counters, microphones, resis-
tance thermometers and ion gages). Another possible piece of
equipment requiring testing is the electrostatic recording sys-
tem, in which the cathode-ray gun would not be encased in a
glass envelope. It would be of same interest to see whether
stray gases, such as lubricant fumes, would have a deleterious
effect on cathode emission.

Unfortunately, the implementation of the oven involves

a basic difficulty: Because of the extremely low atmospheric
pressures at satellite altitudes (~ 10'8 to lo'lomm Hg), the
air has practically no thermal conductivity so that the heat
transfer from the walls to the payload takes place malnly by
radiation. Simulating this enviromment on the ground requires

a vacuum high enough to eliminate the effect of the atmosphere's
thermal conductivity, a condition obtained at pressures below
104 mm Hg, Thus, properly evaluating the vehicle's temperatures
requires a "vacuum oven" in which a source of heat is combined

with an air pressure of 10" Hg or leas,
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Two types of vacuum ovens deserve consideration as test
equipment, One i1s of medium dimensions for testing large com=-
ponents of the payload; the other is of large dimensions for
heat testing the complei:e satellite or a large section of 1t,

The first type of vacuum oven is envisioned as a cylin-
drical chamber .about 5 feet in dlameter by § feet in length.
It would contain a source of heat consisting perhaps of several
electrical resistance coils which would surround the components
to be tested. These coils could be heated to as high as per-
haps 300°C, A rack would be provided for holding the tested
components. If so desired sheets of aluminum or other metal
could be placed between the heaters and the tested components
in order to better simulate the hot walls of the vehicle.

- Another useful provision would be individual temperature
control of the heating coils. This would permit simulating
the effect of a localized "hot spot™ on a skin such as titan-
ium thet has low thermal conductivity. (Titanium has been
seriously considered as a skin material because of 1its high
strength-to-weight ratio.) ‘

Two diffusion pumps with throat dlameters of the order of
1l inches should be able to provide the oven with a vacuum of
105 mm Hg within perhaps an hour, assuming there is no large
source of %as from the tested components. Even pressures as
low as 10" "mm Hg are attainable when special measures are taken,
but such pressures are not likely to be required. To maintain
the functional characteristics of any organic sealing materials
(such as plastics or rubber) it will probably be necessary to
cool the envelope of the chamber by hollow coils containing a
liquid coolant, '
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Of course, provision for bringing electrical connections
through the chamber walls would be necessary. In addition, glass
windows. for viewing the contents of the cheamber would be con-
venient, These provisions are obtainable commercially. '

In some cases it may be desirable to reduce one of the
"heating™ coils below ambient temperature; in that case one
might useé tubes containing a liquid for the purpose of both
heating or refrigerating, whichever is desired. These tubes
would replace the electrical heaters proposed above; the
" former would probably have the disadvantage of not being able
 to reach as high temperatures as the latter.

The price of a vacuum oven as described -above would
. probably be in the range from $15,000 to $20,000, and it could
be supplied by Consolidated Vacuum of Rochester, New York.

The second type of vacuum oven suggested is one large
enough to cont ain either the entire satellite or a large
section of it. It would be perhaps 8 feet in,diametér and 30
feet long, and it would contain individually controlled heating
coils and possibly refrigerating coils similar to those de-
scribed for the smaller oven, Even in chambers of this size,
vacuums of lo'smn Hg have been achieved when refrigerating
baffles were used, ﬁowever, because of absorbed and gdsorbed '
gas and other sources of stray gas on the vehicle or in the
chamber, a day or longer might be required to obtain that low
a4 pressure,

The cost of such a test facility would be of the order
of $100,000, and could probably be supplied by Consolidated
Vacuum, This price would include the vacuum chamber, the
diffusion and mechanical pumps, refrigeration baffles, and
control equipment. _
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2. Quick-Pulldown Chamber

Some components, such as batteries, gyros, and gas bearings
contain sealed-in gas, and are therefore subject to a mild shock
from the rapid reduction in atmospheric pressure during launching.
The pressure will drop to 1 perc-ent of sea-level pressure
within about 100 seconds and 0,1 percent within about 130
seconds. For test purposes, a vacuum chamber capable of pro-
ducing such a rapid pressure reduction would be desirable.

An appropriate size would probably be a 5 or 10-foot cube, or
somewhere in between, Such chambers are commercially available;
the prices are about $20,000 for a 5-foot cube and $100,000 for
a 10-foot cube.

It has been noted that RCA has some vacuum chambers of
the proper sizes at Camden, New Jersey, and that some time for
their use could prébably be allotted to ARS., However, these
chambers produce a much slower pressure transient (1 percent
of sea-level pressure in 10 minutes) than is expected in the
tactical operation. Hence if these chambers are used the re-
sults would be only partially indicative of the tactlcal be-
havior of the tested camponents and more rigorous tests might
still be necessary. ' | ’

3., . Ultra-High Vacuum Chamber .

At satellite altitudes, the atmospheric pressure descends -
theoretically to samewhere in the range 10~ -8 & 10~ 1% Hg;

these preassures can be achieved in the laboratory only by very
special M™ultra-high® vacuum techniques.

A small vacuum chamber (say 6 inches in diameter by 1 foot
in length) providing such low pressures would make it possible
to evaluate instrumentation such as ion gages or mass spectrometers
that are sensitive to very small amounts of gas. Such instru-
ments would be subject to ‘ the vehicle, and it




SPECTAL TEST EQUIPMENT

would be desirable to evaluate in the ultra-high vacuum chamber
any measures taken to counterdct the effect of the outgassing,

Unfortunately, this type of equipment has been built only
in the laboratoryl, and is not at present commerclally available.

L., Low-Vacuum Oven

Batteries for the vehicle will probably require a seal
or a valve of some kind to prevent the electrolyte from ‘
boiling off in the low atmospheric pressures of the satellite.
A preliminary test for the batteries could be provided by a
chamber at a pressure of about 1 mm Hg, cont aining heaters
for bringing the battery's temperature to its expected opera-
ting value, This chamber could be a cube with sides 3 to 5 feet
long. Omce the seals of the batterj have proven effective,
the battery could then be given further tests in the high-
vacuum oven., The price of this low-vacuum oven would probably
not exceed $2000.

C. THERMAL RADIATION TEST EQUIPMENT

Because of the lack of data on the absorptivity (a) and
emisgivity (€) of the proposed vehicle skin materials, it will
be necessary to design and construct an apparatus to measure
the a's and € 's of the various materials of which the skin
may be constructed., These tests will have to cover a wide ‘range
of frequencies, corresponding to radiation from expected vehl-
cular temperatures, the temperature of the earth, and that of
the sun. Radiation tests will have to be made also for complete

1. D, Alpert, "Experiments at Very Low Pressures', Science,
- vol, 122, no, 3173, pp. 729 - 733, Oct, 21, 1955.
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approximately monochromatic light sources, such as sodium,
mercury, snd other arcs, or the output of a contimwously vari-
able monochrometer could be used. Measurement of the ratio

of the intensity of the light reflected from a pollshed speci-
men of the material being tested to that direct fram the

source would give the reflectivity for light of that partioular
wavelength,

Because no commercial test instruments exist for the
cavity emission measurements, a reliable cost figure cannot
be given, If it is necéssary to construct the complete con-
centric sphere system, the total cost might reach $20, 000,
including vacuumiequipment and measuring apparatus., If large -
existing vacuum~heat chambers could be employed, this figure
might be halved. Probably the Speétroscopic installation for
obtaining a's as outlined above could be supplied for approx-
imately $10;000,

D, DUST ACCELERATORS

- There 1s strong evidence that an ARS vehicle will be bom-

barded by meteoroids and dust particles in a wide range of

masses {the great majority of particles having masses below

10-3 gm) rlying at speeds on the order of 20 miles per second.
The resulting erosion of such areas as the vehicle skin, the
8olar battery windows, and the television camera window may be
~a serious problem, On vehicles operating for several months,
meteroid penetrations are expected to be of consequence, too,.
(See Final Report, ARS Research and Design Study, RCA), It
therefore would be interesting and perhaps important to deter=-
mine the effect of meteoroid and dust bombardment by means of
some ground test equipment. Two techniques for obtaining the
reqﬁiréd particle‘velocities have come to our attention: explosive
and electrostatic acceleration, The former technique has already
been implemented, while the latter is at present only embryonic.

Y
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In constructing such a test facility, there are several

principal requirements that must be met: _

1) The particles must be accelerated fairly uniformly to
a velocity on the order of 20 miles per second. This
velocity, of course; must be ascertainable.

2) The particles must be of fairly uniform size, and the
stream of particles optimally would be of uniform |
density, so that one could determine the effect of
slze on eroslon. _

3) The atmosphere through which the particles fly before
impact must be controllable: pressures of 10~5um Hg
should be obtainable., In addition, control of com-
position to take account of diffusive dissociation,
molecular dissociation, and ionization of the atmosphere
might be desirable, A high vacuum is especially im-
portant in order to avoid the frictional heating ‘
and condw tive cooling encountered at pressures above
lo'hmm Hg., The vacuum equipment and other control
apparatus must, of course, have protection from the
explosions. This could be provided by thick steel
plates or by concrete.

I4) If explosive equipment is used, care must be taken to
prevent the noise from disturbing neighboring commun-
ities, : ' '

1, Explosive Acceleration

The requirements outlined above apparently have been met
to some extent by the equipment designed and operated under the
direction of Dr. Thomas C. Poulter, at the Poulter Laboratories,
Stanford Research Institute, Menlo Park, California, Presum-
ably the basic technique of producing the required dust stream
is by a hollow metallic cone embedded in TNT, as indicated in
Figure 6-1, Under Poulter, several experiments on the effect
of particles having a variety of sizes and velocities have been
performed. Typlically, the size of an enclosure for protedting
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the vacuum eqﬁipment and other control and measuring apparatus
18 about a cubic meter. The explosion usually takes place out-
side the enclosure, " '

metal cone

TNT

Figure 6-1. Cone Charge Arrangement.

The production of the required vacuum may not be much of
& problem. - A vacuum of 10™Jmm Hg is easily obtained in the
- present state of the art so long as the requirements on the
cleanliness of the vacuum and on the rate of gas removal are
not too stringent. '

- Although Poulter has done some work on the evaluation.of
meteoroid and dust bombardment, much more needs to be done.
Army Ordnance contracts for further work related to Poulter's
experiments have been awarded to Ramo Wooldridge, Gemeral
Electric, and possibly AVCO.

Several reports on Poulter's work have been issued. However,
these reports are classified, and for this reason could not ‘be
obtained in time for the present investigation.
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2. Electrostatic Acceleration

Electrostatic acceleration of dust partidles, recently
proposed by S, F, Singerl, is an interesting alternative to -
the explosion technique. It would have the advantage of re-
quiring no protection from explosive shocks, and of pro-
viding convenient control of particle masses and veloclities.

E, SOLAR BATTERY TEST EQUIPMENT

- Specisal test equipment for solar batterles will consist
of.laboratory apparatus for use with individual cells and |
assemblies ofa small number of cells, and outdoor test stands
for large area assemblies. The laboratory equipment will in-
¢lude, in additionvto ordinary laboratory apparatus, artifi-
cial sun sources and spectrographs; the outdoor test stand:will
have to be able to mount large sheets of cells, probably of
30 square feet in area.

l, Artirficial Light Sources

The artificlal sources of light could consist of two types:
a xenon arc or a set of incandescent lights with special filters
to reduce the infrared content. A Xxenon arc source may be
purdhased for approximately $500, but its 1life is short ( on the
order of 100 hours) and the source is a concentrated one,
It does give a spectral distribution in the visible and shorter
wavelengths that approximates that of the sun. The area
covered by several silicon cells can be more easily 111uminated
by several incandescent floodlights, the light from which is
filtered through a liquid in order to reduce the longer wave-
length components, The absolute intensity of such a source is
below that of sunlight, but it can be calibrated and used as
a known testing source of light thereafter. The cost of such
an installation would be very small, less than $100,

T. 5. F. Singer, "The Effect of Meteoric Particles on a Satellite,”

‘Paper No. 307-56,American Rocket Society, 500 Fifth Ave., New York

36,N,Y, (Presented at the Semi-Annual Meeting of the American
Rocket Society, June 18-20, 1956)
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Standard ultraviolet arc light sources should also be ,
available for testing the discoloration or crazing of plastic

materials under long exposure. The price of these should be
below $1000,

The temperatures reached by solar batteries operating in
e vacuum will depend on their absorptivity and emlassivity. |
Large scale vacuum heating tests are difficult to perform at
ground level because of the "greenhouse" effects that arise
from the transparent windows necessary to retain the vacuum
while passing light to the cells. A more practical approach
appears to lie in the use of spectroscopy to determine the
transmission and reflection of the silicon cells (and also of
mounting materials) from the visible to the far infrared wave-
length regions. A possible source of nearly monochromatic light
for these tests could be a Periin-Elmer No. 83 Monochrometer.
A glass prism will operate in this in the visible range, but
to cover the range to 30 microns wavelength will requiré priéms
made of such materials as quartz, CaFl, NaCl, and KBr, Various
thermistors and vacuum thermocouples will be necessary as de-
tectors; a tungsten lamp and a Nernst glower could function as
sources. Estimated cost of the entire spectrographic equip-
ment 1s $10,000.

2., Outdoor Mounting Stand

Overall tests should be made of the large areas of cells
mounted and wired in the same plastic configuration as will be
used in actual ARS vehicles, and connected to actual battery
charging and voltage regulation end distribution circuilts.
Some tests can be made indoors with a battery of filtered lamp
sources as described above, but tests with actual solsr radlae-
tion should be made over an extended period. For this purpose
an outdoor mounting stand capable of holding the solar panels
at various orientations with respect to the sun should be con-
structed, This should be a relatively simple device, costing
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probably less than $1000. Provision should of course be made
for leads from the test stand to the current handling and
measuring circuits.

F, NUCLEAR RADIATION TEST EQUIPMENT

The effects of radiaticn from the nuclear auxiliary power
supply on the remaining payload equipment must be determined.,
To obtailn realistic reliability information it will be neces-
- sary to verform tests on a complete mockup of the missile .
structure with payload components operating in place. The‘v
exact nature of the tests can only be decided after the type
of nuclear supply is determined. ' |

The entire tests will have to be performed in an installa-
tion equipped to handle radicactively "hot" materials, and |
equipped for disposing of any materials made ﬁrt’ificially
radioactive during the tests. Thus if a nuclear reactor is
started during the test, it is quite likely that various
mounting and shielding materials can no longer be handled with
safety. |

Initial tests should have been made early by the reactor
developer to forecast expected radiation levels at the pa.yload
locations., Then in a provisional mockup of the vehicle struc-
ture .tests should be made of the measured radiation at the
payload locations when the power supply is in operation, Measure-
ments should be made with various types of counters and dosi-
meters.to determine the strength of beta, gamma, and neutron
fluxes, Final tests should be performed with equipment running
and metered for an extended period.,

6-15
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To test the ferret equipment a camplete set of microwave
signal generators will be required for frequencies from 10 mc
to 40 Kme, The following is a list of suitable equipment.
Equivalent equipment of other makes exists for same ranges and
not for others.

Signal Generators

Model  Mfgr, | Frequency Range Price

HP6OBC H,P, 10 - 480 me $ 950.00
HP612A H,P, - 450 - 1,200 me $1200,00
HP614A  H,P. 800 - 2,100 mc $1950.00
HP616A H,P. 1,800 - };,000 me $1950.00
HP618B H,P, = 3,800 - 7,600 mec $2250,00

HP620A  H.P. 7,000 =11,000 me 2250, 00
o A Total * » .00
(H.,P, = Hewlett-Packard)

These signal generators are adequate for the type I ferret
covering 700 to 11,000 mc. When later models are designed to
go to 40,000 mc the following generators will also be needed.

EHF Signal Generators

Model Mfgr, Frequency Range ’ Price

HP626A H,P, 10.0 - 15.5 Kme $3250,00
HP628A H.P, 15,0 - 21.0 Kme $3000,00
SG2225 Polarad 22,0 - 25,0 Kme $4935.00
SG2427 Polarad 24,7 - 27.5 Kmo $4935.00
SG2730 Polarad 27.27 - 30,0 Kmo $4,935.00
S63033 Polarad = 29.7 - 33.52 Kme $4,935.00
SG3336  Polarad 33.52 - 36,25 Kme $4935.00
SG3540 Polarad 35.1 = 39.7 Kme $4935.00

Total $35,860,00
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The latter part of the list seems high and the ranges short.
The price may come down by the time they are needed. At the
present time, no other equivalent generators are available, to
our knowledge, above 20 Kmec,

At least three complete sets of signal generators will be
needed, one for development, one for production, and one for
field tests, ‘The. field test equipment should be mounted in
one or more trailers. The cost of the three sets of sigml
generators is $139,230,00,

H, BORESIGHT TOWER FACI mgr_

A boresight tower facility will be required at each track-
ing and communication station to align and test the station's
acquisition and tracking radars. This facility will be located
approximately 1500 feet from the radars and will comprise:

1) A =150 foot foresight tower bearing

2) Optical and radsr "bullseyes" or targets to facilitate
radar and telescoplc observations at the radar sites,

3) Comnecting waveguide between the radar "bullseyes™ and
test equipment located at the base of the tower,

i) Cables linking the facility to the tracking radar.

5) A transponding signal generator of about 10 watts capacity
with microwave attenuator, If there 1s more than one
radar "bullseye™ a microwave switch will be included,

6) Communication and power line terminal equipment

7) A shelter at the tower's base to house some of the above
items,

This facility will cost about $29,000., Its functions
include: .
1) Aligning the tracking radar's tracking and telescopic
axes. '
'2) Calibrating the tracking radar's data takeoff in terms of
local grid coordinates,

. %Nﬂ*ﬂw-u
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3)
4

5)
6)

7)

Checking the aligmment between the tracking radar's
tracking and difference pattern axes, ‘
Checking for the presemce of troublesome ground reflec-
tions which tend to degrade tracking accuracy.

Checking the tracking radar's dynamic range. |

Adjusting the acquisition radar's data tekeoff to
ensure accurate designatibn to the tracking radar.
Roughly checking the working condition of both radars.



CHAPTER VII
RELIABILITY. MODELS

A. 'ENTRQDUG!IOE' _— ' _

The study of the reliability of complex mechanism utilizes
to a considerable extent probabilistic models and techniques
that have been developed for use in the study of waiting lines,
brownian motion, genetlcas, epidemlics, nuclear reactions, and
anthropology. Various of the techniques for analyzing these
models either analytically or by sampling methods have appli-
cation to reliability studies. |

It would be impossible in this report to give an adequate
treatment of these topics but it 13 useful to consider some of
the ideas involved and their specific application to reliabllity
analysis.

B,  TYPES OF FAILURE : |

It is customary to.consider that fallures can be classified
as catastrophic fallures or as deterlioration failures.
Catastrophic failure is thought of as happening suddenly and
being completely disabling to the apparatus. Deterioration
faillure on the other hand implies gradually less éatisfying oper-
ation of the apparatus until it 1is judged to no longer be
operating in a useful fashion., The opening of a resistor would
be a catastrophic failure whereas a gradual drift in resistivity
would lead to a deterloration failure.

catastrophic failure is often split into the categories of
"pandom failure" and "wearout failure". The names are so
suggestive as to need little amplification; however, the
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distinction is extremely fuzzy and an example of the extreme
conditions is helpful., A fixed amount of time to failure is
often thought of as a wearout failurej; a fixed probablility of
failure during any operating time interval of fixed length t,
regardless of the past history of the system, 1s considered -a
random failure. In most practical cases of interest the com-
pletely determined time to failure seldom occurs, Whether a
failure is classified as random or wearout depends to a large
extent on the spread of the faillures in time and the knowledge
about the underlylng mechanism of failure.

RELIABILITY HODELS

It should be noted that it is extremely common for two
different faillure mechanisms to ‘be present in the same piece
of equipment, Many electron tubes are subject to both random
and wearout fallure,

Ce CATASTROPHIC FAILURE MODELS

The simplest example of a catastrophic failure model is
the simple coin tossing game described in every text on prob-
ability. It is useful here since it exemplifies in a very A
simple form many of the ideas underlying some of the catastrophic
fallure models in general use. Consider, for example, a relay
which 1s supposed to operate once every second. Suppose;
further, that the probability of its'operating at any given time
it is supposed to operate is p and this probability is fixed for
all time periods. From the point of view of reliability a
senslible question to ask is what 1s the probability that the
relay will operate exactly k (K =0, 1, 2, ...) times prior to
its first fallure. The answer is obviously '

(1) P(l'P)’k"o 1, 2, «.o

which is the formula for the geometric distribution., From this
it i1s then easy to answer another question of some interest,
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namely “mean number" of operations prior to first failure.
This is~ given by

(2) Z kp® (1 - p) = p/(1 = p)

. k=0 . .

and the variance of the distribution is givén by
(3) E—o (x - p/(1 - p)) = p/(1 - p)°.

It is interesting to note that knowing this result it is
very easy to answer some seemingly more difficult questions
immediately. Suppose n relays are all independently operatéd
and each relay acts in the same manner as the one described
above. A sensible question to ask is what 1is the probability
that all the relays fail simultaneously for the first tima; on
the k¥ + 1 st operation. This is of course given by ‘

W G-a- Q- 5 k6

where 1 - (1 - p)® replaces p in (1). Similarly the mean number

of operations to first fallure is given by
n

(5) (L-@Q-p* (1-p"=0p 1Z=l 1/(1 - p)t.
Similarly'tha variance 1is
(6) u-(l-mwcl-m“.

Utilizing the formulas (L), (5) and (6), properly, indicates
the advantages of redundancy.

The Geometric distribution heas.the faollowing.very . interesting
property; if the relay has not failed prior to the n th trail the
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probability that it will last k more trials is independent of n
and 1s exactly the initial probability that it would last k
trials before failing. This can be noted formally by writing the
conditional probability, P (n + k] n),

(7) P(a + k' n) = p;+k(l -p) /p°
=p (1~ p)
The analogous distribution in contimious time is the

"Negative Exponential Distribution” which can be defined by
the equation

t=20

-

(8) Blx:-t) = {Rc‘ﬂ’as

= e-at

where P(x> t) 1s the probability that the first failure occurs
after the time t. As with the geometric distribution it is- '
easy to see formally that history has no effect on this failure
process. Suppose that it i1s desired to find the conditional
probability, P(x>t + b / t,), that the first failure ocours
after time t + to given that it has not occurred before time toe
As in equation (7) this can be written

(9) P(x>t+t°}t°) =P(x>t+to) e'ﬂ(t-l't)
Pix>%,)) = T
e—a't .e" o

which is independent of to.

The negative exponential failure law 1ls one which appesars to
apply to a large family of items such as electron tubes, reéistors,
and capacitors. It also has important applications as the "Limit
Law" for failure of complicated systems under steady state con-

ditions.l The negative exponential law depends on & single'

1. Drenick Eza. F. "A Statistical Reliability Theory"

RCA EM-422]1, April 5, 1956
CONFIDENTAL -4




parameter A which in reliability nomenclature turns out to be
the failure rate or hazard (in statistical literature this
parameter is referred to as the scale factor.) The mean of this
distribution turns out to be . Another useful feature of this
distribution is the addition of failure rates, that ia to say
if there are n independent items each failing with failure rate
,&1 (1 =1, 2, +.s,n) then the fallure rate of the entire
‘apparatus 1is h '

2 A1
=1

RELIABILITY MQD

A simple wearout model which is not completely detenministic
might arise in the following manner. An apparatus lasts a length
of time directly proportional to the number of relays closing
in a single operation. The probability that exactly k of the n
relays will close is ’

(10) n! pk (1 - p)n"k
(n-k)§ ki

This is recognizable as the Binomial distribution with prob=-
abllity p and number of trials n. The expected value of this
distribution is np and the variance is np(i-p). This is a-
simple example of a chance‘wearout_proaedure.

In many problems a continuous analogue of this distribution
arises., In the context of reliability thls analogue is in the
form of a "Truncated Normal" distribution truncated at zero.

The probability P(x - t) is given by

ol .
(11) P(x>t) = ——02 1 5 - (&
] - éﬁ(__%’ o o t € ds

1. The failure rate is defined as -d@n P(x>t)>/dt

F L



where

. -%- | ‘-
(12);[.5(-%.)= f 1 C-%sa’ds
| Zoo Vam

which 1s extensively tabulated. It should be noted that for
finite standard deviation, 0 <« o2, and for the mean very
much greater than the standard deviation, u>> ¢, that

D (- %,) tends to zero and the probabilities in (11) approach
very closely those of the Normal Distribution. The truncated
normal dlstribution has a background of use in biological reli-
ability applications.l .

_ Another distribution which has a background of use in
biological applications is the"Log Normal Distribution". This
distribution is characterized by the distribution function

o0
— . 1 2
(13) Plx>+t) =V-2%—°' tf% e -'2'(1'9"5;:‘5) aé; Oct <o?
}o .
' 1 2
= _1 ~5 (8

The distribution has mean M(x) given by

S - 2
() Mx) =" *3C

and variance V(x) given by

2 (“ + 6'2) '0’2
©

(15) v(ix) = [ - )

1. Bliss, C. I., "The Calculation of the Time Mortality Curve"
Appendix by W. L. Stevens "The Truncated Normal Distribution"
Annals of Applied Biology 2, 1937, 815-832.
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Another quantity of interest in this distribution is the median
Md(x) which is given by

(16) ld(x).= o¥

This distribution has been widely used in bioaasay in the
analysis of "Quantal Response', 1 :

Other distributions that h#ve been considered as fallure
laws are:

1) The Gamma mstribution with distribution function

an | Rx>t) = 7—) ng‘" T4 , T>O

which reduces to the exponential distribution in case X = 1,

The mean of this distribution is 752 and the variance e

"2) The Weibull distribution with distribution function
~xs F
C? A

s , 7=0©

(18) P(x>t) =o<(9§ s°© y

which has arisen in connection with problems of metal fatigue.
The mean M(x) of this distribution is

(19) ﬁ(x) = ‘tij/(f)

The variance vi:;— 1;1 (%> ) ..é',. [/'7(_5. )j:z,

(20) v(x) =« ‘949

It should be noted that if =1 this is the negative exponential
distribution.

l., Pinney, 0. J., "Probit Analysis" Cambridge 1952
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Commonly items may be subject to failures in more than
one way. For example the item may fail in a purely random
fagshion up to some time to and at time t completely disintegrate.
If the random failure is” exponential, the distribution function
would be described by ' '

(21) P(x>t)

[[]
o
i
0

o
o
N
ot

=0 3t >t

This distribution is lmown as the truncated exponential
with point truncation t, and has mean M(x) given by ‘

(22) Mx) = 1 -e." At
A | (7r - to)

The more common case is for the random failure and wearout
failure to both be specified by probability distributions. The
necessary probabilities can be obtained by naticing that if the
probebilities of lasting a time t are Pl(xﬁ>t) and P2(x2>t). ‘
for the two distributions then, if the two distributlons are
independent, the probability of the item lasting longer than
time t, P(x>t), is given by '

(23) Hx>t)=Pﬂx>ﬂ P(x>t).

Before treating another topic it is useful to consider
somewhat how this type of failure is related to what might be
called a process. In most of the catastrophid failure problems
the idea has been to code the output of the equipment as a
function of time either O or 1 for operation or failure respec-
tively and in the case considered here there is no return from

. -8



failure. The process then consists of going along with oﬁtput
gero until there is a sudden jump to one and then continues
1ndefin1tely with value one, Each of these infinitely many step
function graphs is a conceptual graph of the 'process. The prob-
ability P(x >t) is the measure of, 1oosely speaking, the fractiqn
of graphs where the jump does not ocour until after the time .

In the process where there were n relays the output was
coded in such 8 manner that only ir all n of the relays railed
would there be failure. One could consider this as a system
having a number of stabes which could be labeled So, Sl, Sn’
where the state 8y occurs if i relays fall to operate. If this
were graphed with 81 = 1 the output would be represented by a
graph having n levels. In the case considered here when the
graph arrived at the nﬁa level it never returned to any lower
level. The state 8, would be called an "absorbing state" or n
"would be called an "absorbing barrier"., The function never
goes below zero but if it arrives at zero it may return to any
level. The state S, is then called a "reflecting state" and the
level zero is called & "peflecting barrier". Th® process defined
by the relays, if S, is made a reflecting state, has the property
that the probability distribution of the si is the same at all
time intervals. This property is called "stationarity" and the
process is a "stationary process". The process defined by the
relays, if 8 1s an absorbing state, has the property that the
‘value of s1 at any time point nsver depends on the value of 8,
at more than the preceding time point.{In this somewhat de-
generate case 1t is totally independent of the preceding time
point if the state at that time is different than 8 .) This is
the “Markov“ property and the process is a “Markovian" process.l

1., A detailed but elamentary discussion of Stochastic processes
1s contained in Feller, W. "An Introduction to Probability
- Theory and Its Aﬁplications“ Vol. 1 New York 1250 and -
Bartlett, M.S8., "An Introduction to 8tochastic Processes with
Special References to Method and Applications" Cambridge 1955
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These properties are of some more importance in the next section
on deterioration models.

D, DETERIORATION FAILURE MODEL

A simple way of looking at deterioration is to consider
that the output of the apparatus has three possible states;
8, or a satisfactory state, §, ora tolerable atate, and 82
or an unsatisfactory state. Consider an output that stays in
S, .for a while then changes to S, and finally goes to 8,. In
deterioration models 1t is necessary to specify in detail ihat
constitutes the state 32'

Two simple examples of a deterioration'prooedure may help
clarify the situation. Suppose the resistivity R of a resistor
drifts in a linear fashion as a function of time and there is
a value R which is coritical , 1.e., if R>R, then the resistor
is considered 1noperative. Here the state,sa is categorized by
R>R, Another example would be a resistor the value of whose
resistivity is noisy and can only be specified in terms of a -
normal distribution with fixed mean kp and variance Op(t).
Suppose the critical thing was that there be & probability of
«95 that 'R - iy <€. Then the state S, would be defined by
1. 960’ (t) > €. In practice most deterioration is of a mixed
‘ nature. A symptom of wearout ls often the increase in component

"noisiness", :

It is often desirable to attempt to compute the effects of
component deterioration on system performance. This of course
entails a mathematical fprmulation of the problem to express
system performance as a function of component performance, It
also means specification of component perfofmanoe character-
istics in terms of.épecified probability distributions. Last
1t involves specifying the falled state for both component and

CONFIBENTHA
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system., If the representation of the system is linear and the
probability distributions involved are Gaussian then the system
will have Gaussian fluctuations. If some other situation pre-~

vails such as non-linear representation or a different type of
noise then the problem is much more difficult,

One method of approximation is to assume that all fluctu-
ations are Gaussian and to use a linearized representafion of
the system. This technique has been exploited with some useful
practical consequenoes.1 More complicated approximations have
been suggested but no extensive work has been carried out. The
papers, by Meredith etali, contain an excellent description of .
the use of linearized Gaussian approximations,

A useful method in studying such stochastic problems 1is to
gsee if "Steady State" or limiting processes are good as approxi-
mators. This hag been used in telephone switching reliability
problems but only in the-most rudimentary fashion to other reli-
abllity processes.

The last technique depends on simulating the mechanism
by using a computer and sampling with noise inserted in the
oirocuit, This type of work has been done extensively in
similation of military electronic systems but seldom on study of
components, Suggestions for such study will be contained in the
next section on Monte Carlo Techniques.

E. MONTE CARLO TECHNIQUES
"Monte Carlo Methods" may be described as devices for -
studying an artificial model of a mathematical or physical

1. Benner, A. H., and Meredith B. "Designing Reliability Into
Electronic Circuits" EM-1208 RoA 1954, Meredith, B and
Portrasé D, J. "Reliability of a TV Caqpra Chain® TR~1095
RCA 195

2. Bennett, R.R. “Analogge Qomputing Applied to Noise Studies“

19&3

Prooeedings I.R.E.
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process. The technique is not new and was consciously used by
gamblers for ostablishing pay offs in dice games. The first
conaclous modern use as a mathematical tool 1s probably due to
"Student"l, who used sampling to give some semblance of rea-
sonableness to his conjectures concerning sampling distributions.
The modern vogue stems from four sources:

1) Random walk models for study of nuslear processes.

2) Noise studies in connection with electronic equipment.

'3) Study of industrial and military cperations.3

ly) Mathematical use in solving systems of equationa and

integrating multiple integrals. '

2

The techniques most applicable to the study of reliability have
their genesis in the firat three sources. Procedures for im-
proved sampling techniques often stem from use in mathematical
problems but we shall not discuss such matters in this section.

The first place for applylng a sampling technique arises in
studying the operation of aﬁparatus which 18 composed of n com~
ponents each with failure distribution P,(t)j(i = 1,,n). The
technique is both simple and obvious, Pick an n-triple of
numbers (tl, tz,,,tn)'e) where ti(i = 1,,n) is picked at random

1. Pen Name of William Gossett, & Brewmaster for Guinness.

2. '"Monte Carlo Methods" National Bureau of Staadards.
Applied Math Series-12.

3, Lavin, M. M. and Schuller, D. H. "The Determination of
Requirements for Warehouse Dock Facilities" Jour. Opns.
Res., Soc. America L 1956.

. "Proceedings of Symposium on Monte Carlo Methods, Gainesville '
(1954)" (in process of publication) ‘
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from a population having distribution P,(t). Set

(24) S R (tl,,t )W) 4l =1,,x

| f—l,,n
Repeat the experiment N timesjit is then possible to construct
& hlstogram of survival times and to compute means variances
and so forth of survival times. | '

A second interesting problem is one in which there are
n parts which fail temporarily in time each according to the
same distribution P, and are restored in time mccording to a
distribution.Pa. The problem is then to find the first time
when all parts have simultaneously failed.1 This can be recognized
as a problem of walting lines with n servera and the problem is
that of finding the first time all the servers are busy or alter-
natively the length of period when no one 1s waiting. The
procedure is again simple. For each component ci,(i :’1,,n),'
sample a sequence number paiy (tl,ta)i-with by from, population
with distribution P1 and ta from population wi:g distribution
PZ‘ List the down periods for eaoh Cyqe The k™ down period on
the it component extends from

k-1 £ (x) i 9
(£, +t,), +(69)4 to (g + 65);
£=1 2 L=1

k-1 4
Use the computer to check the smallest valus of (6, + 5)y ¢

(k) , -
(tl)i s for which all components are down, Repeat the process

to got histogram and moments.

1, Harris, T. E. "A Model for Reliability of Complex Mechanisms"
Rand RM-3902, the RAND Corporation, Santa Monica, Calirornia.
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A third possibility, based on computer simulation of noise
in electronic equipment, can be performed as follows. Set up
a system of equations relating system performance in time to
component performance. For each component use & noise genefator
to simulate the components random values in time. Then run the
computer recording the first time t , the output of the simlated
system goes outside tolerable bdunds. Repeat the process to
get histograms, means, and variances of time to first failure.

The three suggestions above are examples of possible
applications of "Monte Carlo Techniques! to reliability studies
and are representative of the range of problems covered. These
techniques are of course not substltutes for analytical methods
but rather useful tools when analytical methods are unavailable
for the problem in hand.
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CHAPTER VIII

A, EXPONENTIAL MODEL

1. Basls for Applicability

The "purest" definition of catastrophic failures would
be restricted to those arising from an unforeseen defect in
a basic material, viz, the chance defect in a crystaline
structure or a rare delay in gas ionization. The discussion’
given here would broaden the scope of the term "catastrophic
fallure®” to include those component part malfunctions beyond
the control of all reliability engineering techniques. This
interpretation is identical with that employed for the pre-
diction of reliability in such advanced electronic systems
as guided missiiea and high-performance aircrafi,

The study of electronic system reliability is essentially
an Operations Research endeavor in its broad scope and vital
concern with engineéringldetails. Despite its complexities,
however, it is possible to derive engineering constants.and
parameters suitable for predicting the reliability of elec-
tronic equipments and systems, For this purpose a "master
plan® can be formulated ag a guide for correlating past practices
and Yesults with the most probable future expectanciles.

Pigure 8-1 illustrates the fact that the position of the
componant becomes crucial at the time of its selection for
circuit usage. Prior to this time much is invested in the
"hereditary" characteristics of the parts., After this time
many "envirommental aspects of the part usage enter into the
reliability plcture as stress factors. The general flow of
engineering investment is a complex matter entailing simultaneously

8-
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an accumulation of materials and processes and an accumulation
of econamic cost. The extent and impact of economic support
of the ARS program will determine the degree of technological
"break-through” possible in the area of component-part relia-
bility. An example from recent engineering history, the .
development of the Bell Telephone transatlantic cable demon-
strates the interrelationship between economic and technologi-
cal factors in extending component reliability far beyond the
initial state of the art, The great advances to be made now
toward more reliable electronic systems must be made in the

" Judicious exercise of the most promising component application
techniques,

2. Underlying Concepts

a. Two Basic E;%erimbnts. Fundamentally there are two
basic experiments whichnperformed in deriving valid component
failure-rate data, There is first the experiment of taking
a group of similar component parts as a test sample, placing
them in a compromise (standard) stress condition and observing
the time and number of failures occurring., From this experi-
ment certaln statistlcal evidence can be derived, ‘

.The second basic experiment is the operation of a hetero-
geneous array of component parts within a typical electronic
equipment of a given design, The uncertainties and circum-
stances of these two experiments are vastly different. However,.
by obtaining data from the first experiment and interpreting
these data iIn terms of the second expeniment, it is possible
to derive valid component failure-rate information, Further-
more, there are other sources of pertinent engineering data;
Two such sources are (1) the comprehensive literature on the
properties and grading of basic engineering materials, and
(2) the pertinent but somewhat fragmentary data reported from
the field on component failure,
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Before goinglinto any detaliled discussion of how a specific
class of component parts can be traced from its "test phaee"
to its "application phase", the characteristics of the two
' basic experiments must be described further. For this there
is required a threefold considerationi a need to describe
. the phenomena most commonly observed; the establishment of a
rudimentary (but adequate) mathematical model} and a first-
order recognition of the physical uncertainties associated’
with the two fundamental experiments.,

b, Phenomena Most Commonly Observed. Tests usually per-
formed 6n component parts are seldom planned in a manner or
obtained in numbéra usually considered sufficiert for statis-
tical purposes, This is primarily a result of economic and
time limitations., Yet even when 1ife tests are conducted
with numerous practioal limitations, the results follow the
characteristic shown in Figure 8-2A, While variations fram
this characteristic are commonly observed, they do not aistort
the basic trend since they are not extreme and apparently are
_ as. likely to.occur in either direction from the norm. The gross.
~engineering evidence is that the characteristic of Figure 8-2A
is suitable for the consideration of most component parts by.
families (typee) and for repeated application in complex elec-

. tronic syatems. : ~

. Both,the early debugging period of a component test group
and the wearout phenomenon of Figure 8-2A are- ohareoteristic
of 1ife testing, The most important faot to note here is that
debugging and. wearout phenomena are essentially random from
the point of view of the individual part, but certainly they
are of & different order or "randomness® than are the individual
failures, For example, an individual vacuum tube is always
in the process of depleting its cathode material reserve. There
18 no doubt that is will fail although the exact moment that
failure will ocour cammot be predicted. The time at which a

8-4
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group of vacuum tubes will pass 1its characteristic maximum

- failure rate, however, can be predicted from life testing.

Figure 8-2B illustrates the way in which this group characteristic
can be depicted, |

Experience from component testing indicates that some
failures that ocour after the debugging period (in addition
to the group wearout characteristics) have been accumulated
over a long operating period in what may be designated as a
"pure" random fashion, These fallures represent a degree of
randomness harder to cope with on an engineering plane. If
they did not exist, it would only be necessary to "debug"
and "replace before wearout". The result would be perfect
reliability. Unfortunately these intermediate failures do
exist as catastrophic or chance fallures in the vital time
period (tu) that lies between thé time limits (td) and (tw),v
the useful reglon for component applications,

The obvious need, therefore, is to derive suitable engineer-
ing parameters which express the existemce and magnitude of
the "pure®™ random failure-rate characteristics., Most common
electronic component families never reach the wearout condition
 within ordinary bounds of application, while other component
families have decided wearout properties. It should be re-
emphasized that all three phases of component failure must be
taken into account., However, since the intermediate region

has the most practical use in the engineering domain, it must
.be given prime consideration.l

1, In the case of missile electronic equipments, pre-launch
observations to assure "debugging" and yet avoid "wearout"
are aimed at guaranteeing the employment of the interme-
diate region (tu) as a composite but vital time-dependent
characberistic of the complete system.
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TABLE 8-1

Characteristics of Component-Part Families Notation
(a) Useful Engineering phase sufficient Ay +2,)
- to avoid wearout
. (b) Neither wearout or debugging encoun- ()
- tered in use ,
(¢) Debugged but wearout within practical O, +2,)
- limits ,
(d) All failure-rate phases are signifi- (Ag + A, * A,
: cant - v
Unless otherwise noted Failure Rate
normally refers to the )‘u phase A

Component parts can be classified in terms of the nota-
tion used in Figures 8-2A and 8-2B, For future referermce,
Table 8-1 summarizes this classification. Thus, a premium
grade of debugged vacuum tubes would be classified as (A, + 1 );
most capacitors and resistors would be classified as (Ag + 'Au)
for use under envirorments encountered in most electronic
packages, Special applications will require reconsideration
of all such classifications, :

One step beyond the "accelerated life" test is the
"test-to-falilure" program which has been particularly advocated
by Robert Lusser. ~ A potential fallacy here is that the labora-
tory observations made are aimed at viewing the time (stress)
position of (%,), a characteristic of wearout, while in practi-
cal use the "pure" random phenomena of the intermediate (ty:)
is the pertinent factor for most high-population components
since they are classed as ()‘d + lu) characteristic. Subjecting
those components that are expected to experiemce severe environ-
ments to a test-to-failufe program requires that one reassess
the balance between pure random fallures and wearout failures.
I.” The inclusion of vacuum tubes is held in abeyance.
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Looking further into the literature reveals voluminous
data on the "life" characteristics of materials and components,
-These studies are predominantly analyses of the location of
(tg). Why is not the "pure" random characteristic reported
upon in equal amount? The answer on an engineering plane is
simple to find., The total failures that ocour before wearout
(Ty of Figure 8-2A) are usually discouragingly small for a
sultable statistical analysis. Failure at the rate of 0.1 per-
cent per 1000 hours or even 0,01 percent per 1000 hours within
the (tw period, is often taken as a practical target. The
teating of extreme quantities of test samples soon becomes
prohibitive. A new criterion of failure-rate becomes necessary.

¢, Mathematical Model. A practical hypothesis is re-
quired that will allow the use of test evidence in the )
phase to establish a guide to the prediction of (A,) or chance
(catastrophic) failures, On a selective basis it 1s contended
that this can be accomplished. One encouraging thought along
this veln is provided by L. J, Berberich and T, W, Dakin' when
they make the following observation about the testing of d-c
paper capacitors: '

"In spite of the usual variations in leakage current
.during a life test .... where the current remains low
during most of the life, indicating no gradual approach
to fallure, but only a sudden increase just before
failure, it must be concluded that a reaction 1is
occurring during this time."

Experimental data seem to support this argument that there is

a continuity of failure-producing activity, This argument leads

to the following practical hypothesis: '
Hypothesis 1 -~ For those components dependent upon a
comblned time-energy stress for failure production, there
is a definite relation between the time of wearout fallure
and the "pure" or catastrophic failure rate prior to

wearout,
1. Berberich, L.J. and Dakin, T, W, - "Part I: Guiding Principles
in the Thermal Evaluation of Electrical Insulation”, Insu-

lation, Feb, 1956,
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As a first application of this hypothesis two special cases
" are selected which have broad applicability, (1) the case of
the thermal dissipator,l‘and (2) the case of the dielectric
medium, In each instance the energy level of operation is
a composite of electrical and thermal (envirommental) stress.
-Thus, a second major hypothesis is proposed for guidance.
g¥gothesis % -~ For those components of a thermally
ssipative or dielectric nature, there is a linear
relation between the catastrophic failure rate
and the time of wearout (t e
On the basis of these concepts it 1s possible to establish
a simple theory of failure-rate prediction which can ultimately
be put to the test of correlation with the physical facts in
practical component applications,

. Within the catastrophic-failure phase of a component's
life, the "wearout " phenamené 1s sald to occur in a randam
fashion., That is, only some random weak elements succumb to
the normally low time stress condition. There is such a
statistically large number of potential sowces of weakness
that the mathematical conditions of randomness appear to apply.
(The interesting fact that a large number of failure sources
ocan be visualized as having their individual wearout phenomensa
located at random times, gives rise to the concept that such
a condition would appear as a series of catastrophics in any
practical test lot., It is only when a large number of samples
succumb from the same mechanism that a group wearout is ob-.
served).' Thus, within the useful period of component life
(t), a conponent will survive according to the relation

Ps = € ~At

where Ps = probability of survival
t = any time after to and before tw
A = catastrophic failure rate

1. The inclusicn of vacuum tubes is held in abeyance.
2., Exeluding vacuum tubes,
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In the conduct of the first experiment if should be remembered
that the normal practice is not to replace any failed component
from the original test lot of (TL) with a new test sample..
Thus, the test lot diminishes exponentially within the (ty)
period., A hypothetical definition of the "mean life" (m) of
the test sample is the time at which 37 percent of the test
samples (at t@ remain, (The Ps for any sample is l/e which.
makes tA  equal to unity). Thus m = 1/Zu. It should be
remembered, however, that the actual reduction of the test lot
to 37 percent as a result of catastrophics alone is practi-
cally never observed in an actual case. Thus, component:

"mean life" must be interpreted with caution. Interpreted
simply as the reciprocal of A, little error can be incurred
when talking about component part test evidence. When applied
to complex systems the term "mean life" can have additional
significanc'e. '

d. Physical Uncertainties. In the area of component
teating, uncertainties arise from the use of compromise
measurement and test methods, the cholce of sampling plans,
the incomplete separation (as observables) of catastrophic
and performance-degradation failures, complexities of the
basic component design, limitations of data amalysis methods,
the practical lot discontinuities expected from prodw tion
quantities of parts, etc. Despite these contingencies exper:lence
has indicated that within the bounds of practical observables,
it is possible and fruitful to synthesize valid component
fallure-rate information in a form suitable for applicatio'n
to complex electronic systems. '

When a complex electronic system is placed into operation
following its correct assembly, the equipment, normally under-
goes a debugging period similar to that of camponent test gi-oups.
The debugging process reveals early performance inadequacies
which are ameliorated by appropriate realigmment. Outages
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occur during the debugging process as the result of chance
(catastrophic) failures riquiring equipment shutdown and repalr.
Only the chance failures are usually taken as evidence of de-
bugging although it should be noted that a performarnce'shake-
down" 1s normal and that gross misalignment may cause secondary
catastrophic failures. After this period the equipment settles
down to a sustained characteristic failure-rate characteristic,
which (according to the simple mathematical model of reliabili-
ty) is just the sum of the individual rates (xu) for all of

the "series type" camponent parts in the equipment.

If a typical equipment were observed within its post-
debugging period only the passage of time and occurrence of
outages could be recorded as significant catastrophic-fallure
information. Figures 8-3A and 8-3B illustrate this kind of
data. Failures occur and after some reasonable total opera-
ting time an average failure-free period (mean-life) can be
calculated, Comparing the results from two equipments
(viz, Pigures 8-3A and 8-3B) 1t can be concluded that the
equipment with the longer "mean life" is superior. If the
equipments are to operate for long periods, the better unit
(Figure 8-3A) would definitely require less maintenance, main-
tenance cost and down time, Furthermore, if the equipments are-
to be sent on a mission of duration At the better equipment
would provide a better probability of success than would the
inferior equipment. ' |

The important new factor here is the indication that the
starting of the mission period At is 1tself random. Even if
the mission period At is less than the equipment mean life,’
there is still a sizeable probability that a fallure will occur,
This is illustrated in Figure 8-3A. For the same mission period,
the superior of the two equipments (on the basis of mean 1ife)
is still comparatively superior as seen in Figures 8-3A and 8-3B,
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If an equipment is to be a "one-shot™ device (a missile for
example), a comparison on the basis of mean 1life is still valid
- if operation 1s assured between bounds of debugging and wearout,

For a mission period (A t) equal to the mean life (m) of
- an equipment, '

L3

= =1 £
Ps—e’ m —2—37%

Thus, under these conditions, if a large number of equipments
were employed to accomplish the same missioﬁ,, ohly 37 percent
would be operative at the close of the mission. It can only:
be concluded that for high probability of tactical success,
either (1) the mission period should be kept small compared
with equipment mean lifs or (2) the total number of equip-
ments operating in the fleld should be increased.

An interesting and vitall analysis must be applied to a
_system which is of a "ome-shot" nature and employs a key
series type of component which degrades (on a statistical
basis) and establishes the expected total life of the system..
Under these conditions the probabllity of survival fram wearout
must be combined with the probability of survival from catas-
trophics to establish a significant time boundary. Figure 8-4
shows that once the wearout region is reached 1t is meaningless
to consider the probability of survival from catastrophic (chance)
failures, However, the probabtl 11ty of reaching the over-riding
wearout time remains a significant factor.

These facts must be stressed in concluding this outline .
of the catastrophic-failure analysis -of electronic system
reliability: Catastrophic failure analyses form a valid index
of reliability contingent upon the achievement of optimum
_performance through careful design, analyslis and redesign to
minimize the chance of wearout fallures. Thus, the catastrophic
fallure characteristics of a system form a practical target

8-13
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ENGINEERING ‘APPLIGATiON OF RELIABILITY MODELS

of design and a comparative measure of the actual and poten-
tial state of the art.

3. KSLDeﬁnitions and Nomenclature for Reliability Engineering

The followihg definitions are considered basic to the field
of electronic system reliability. In selecting these vital
terms, all efforts have been made to "human engineer" their
phraseology and sequence so that the design erngineer will have
access to a replid and sufficient indoctrination to meet his
prectical needs,

1)

2)

3)

L)

Reliabiligj Engineering: This identifies an engin_eering

discipline aimed at the study and achievement of
failure-free operation of (electronic) equipments.
Reliability: A beneficial charecteristic of electronic
equipment oroduced by design, manufacturing, operating
and maintenance methods which minimizes system outages
and maximizes the chances of successful operatiori
during eritical periods of usage.

Probability of Survival: A numerical expression of
reliability, with the accepted nomenclature of Ps _and
a range from O to 1.0 indicating the extremes of
"impossibility" and “perfection".

Exponential Failure Law: The statistical characteristics

of an equipment or group of test specimens, expfessing
the fact that the next decremental P, (dP,) at any
time t over an interval (dt) is proportional to the

Ps at that time. This gives rise to the accepted ox-

pression

ps =e~Mb .
(Au being a proportionality constant re ferred to as
failure-rate) which is valid within certain practical
engineering limits., Under those conditions where a
failure-rate parameter A, can be proven valid both for
the conditions of component-pai't testing and for
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5)

6)

7)

.applicétion in complete equipments, the failure rate

for the equipment is the sum of the part failure rates.

Z A, (parts)

and P(g) equipment = P(s)i P(g)2 “P(s)B eees OtC,

A, (equipment)

=% P(g)

Component Part: An electronic component part 18 a
circult element or other fabricated unit not normally
subject to dlsassembly., Examples of these are capaci-
tors, resistors, tubes, gear boxes, etc, There are

two basic categories of "components" often referred

to as (1) parts-peculiar (low-population parts possibly
unique to a given equipment) and (2) parts-general
(high-population parts with essentially universal

usage in electronic design).

Failure Rate: This numeric expresses the frequency -
of fallure occurrence which can be observed 'qver'
specified time intervals when observing equipments

or component parts, This parameter (X,) obeys the
exponential failure law when the occurrence of fallures
is random in the time domain,

Catastrophic (Chance) Failures: Such failurea. are those
which occur within the operational time period after

all efforts have been made to eliminate design defects
and unsound canponents, and before any foreseen

"wearout " phenomena have time to appear. For example,
the random "open" occurring in a resistor wire after
several hundred hours of operation., Or, as a more
subtle example, the rare degradation of transconductance

- in a vacuum tube at a statistically early time,
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9.

Performance Degradation (Wearout) Failures: In
addition to the catastrophic fallure of component
parts or systems, the initial performance of circuitry
or mechanisms tends to degrade with time, The per-
formance degradation of such elements as vacuum tubes,
batteries, bearings, etc., 18 subject to anticipa-
tion and usually can be circumvented by preventive
maintenance, For the purposes of delfinition, per-
formance degradation failures are those that can be

avoided by appropriate preventive maintenance based
upon the best engineering prediction of the wearout
probability distribution.

Mean Life: The mean life of a complex sys tem (1n which
falled parts are replaced with new parts of equal
failure rate) is essentislly the average time between
outages caused by catastrophic failures., The mean-life
characteristic of a groﬁp of similar test specimens
all subject to the same stress conditions (where
falled components are not replaced) is subject to a
twofold definition. In the case of wearout phenomena
the mean life describes the time at which a test group
displays a maximum frequency of failure, This assumes
few individual catastrophic failures prior to the
existence of the principal group fai lure-distribution
function. In the case of catastrophic failures, the

mean life 1s the time at which 37 percent of the test

specimens survive, assuming wearout 1s never reached,
For the sake of clarity, the catastrophic mean-life
1s defined as random mean life and the wearout mean-

life is defined simply as group mean life. In engineering

practice, group mean life increases with improved
circuit design and system maintenamce, while the random
mean life increases mainly through improved éomﬁonent
selection. and application. Within practical bo unds
of time before wearout, the observed random mean 1life
is equal to the reciprocal of the failure rate for
component test groups or complete equipments. in




10)

11)

ENG INEERING APPLICATION OF RELIARILITY MODELS

géneral, less than 5 percent of the equipment operational
failures are attributable to other than catastrophic

" failures in well-designed electronic systems. For

this reascn, reliability is usually measured in terms
of the random mean life where occasional group failures
appear as indistinguishable contributlons to the

total, :
Debugging: This is the process of engineering
"shakedown operation" performed as a means of elimina-
ting system elements and circuits (proven incompatible
with environmental and functi cnal needs) by producing
early failures, The weak or over-stressed elements
are caused to fail and replaced by elements which are
(statistically) of a normal quality not subject to a.
similar failure. The time necessary to weed out

these early failures depends upon the total number of
them in the equipment package, the quality of parts
used, and uoon the ultimate irreducible failure rate.
of the equipment. Debugging time seems to be controlled
by the fact that the original defectives reduce to '
1/e.of their original mumber in about 25 hours of
operation, assuming all component over-stressing has.
been alleviated. ,
Independent PFallures: In the definition of the exponen-
tial failure law it is essential to assure that each
source of potential fallure be capable of causing

the complete malfunction of the equipment under con-

‘sideration. In electronic systems, signals are usually

cascaded and power sources are non-redundant so that
nearly all component parts introduce independent sources

of catastrcphic failure., Such independent failures.

are, there fore, the normal occurrence rather than the

exception,
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12)

13)

Component Stress: The stresses on component parts
from the reliability viewpoint are those factors of
usage (or test) which tend to affect the failure rate
of these parts. This includes voltage, power, temper-
ature, frequency, rise time, etc. However, the prin-
cipal non-electrical source of stress is usualiy the
thermal-environment stress.

Safety Factor; There is usually a limiting stress
(or combination of stresses) at which part failure .
rate goes to infinity or to an unacceptable extreme,
The degree to which application-stress conditions are
below such a limit constitutes a safety factor from

. the catastrophic-failure viewpoint, From the perfor-

mance degradation viewpoint a safety factor is repre-
sented by an adequate reserve of energy (as in the

case of a battery), gain characteristic (transcon-
ductance), bandwidth, or other essential performance
factor. Other types of reliability safety factors

are to be found in the areas of maintenance, human
engineering of control panels, etc. From the operations
viewpoint safety factors may be represented by weight'
reduc tion, minimum supply of cooling air or equipment
redundancy. Thus, it is necessary to recognize that
there is a "trade-off" between safety factors to achieve
the optimum overall design, i1,e, one which has realistic
safety factors in contrast to the design with overly
generous satety factors,

In planning the application on component parts
it is necessary to appreciate that there is usually’
a residual failure-rate arising from the parts manu-
facture, handling and insertion, which cannot be re-
duced by derating, Realistic safety factors allow
a reasonable chance of failure above this residue level.
Such safety factors al%ow the equipment to operate

D 4 i t
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in the regions required for it to fulfill its functions
but do not subject the equipment to any severe stresses,

B, RELIABILITY STRESS ANALYSIS OF ARS COMPONENT PARTS

1, Introduction

The stresses applied to a component part in its ultimate
circuit and physical position constitute a complex "force
function" while the inherent reliability parameters of the
components can be thought of as "transfer functions". These
transfer function characteristics must be reduced to equivéient
failure-rate statistics applicable over the practical time '
range of (1) usage contemplated, or (2) usage specifically
provided in the final electronic packages. For this study all
subsequent failure rates will be of the lu-categary unless
otherwise stated., It should be re-emphasized that this 1is the
praqtical region of utility and 1s contingent upon appropriate
debugging practices and avoidance of wearout where engineering
control permits. (Where wearout cannot be avolded, superposition
of wearout must be taken into account according to the con-
cepts of Figure 8-4).

High-population parts common to modern electronic design
are most probably applicable to the ARS circultry and packaging.
The early vehicles will employ a higher percentage of standard
items, 1.e. those parts not specifically designed for ARS,
With experience, new facts about the ARS enviromment will dic-
tate areas where the risk of employing such new and unproven
parts will be compensated by thelr fundamentally improved
reliability or performance. The magnitude of such tailored-
vart populations can be expected to grow through the various
stages of ARS growth, For thlis analysis it wlll be assumed
that such new families of parts will be integrated into the
"packet" of component families available at any given stage
of growth. Thus, a total of three sets of failure-rate pre-
dic tion curves have been prepared to extrapolate the.ARS

By
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resources of reliability from the viewpolnt of availsble parts
and part application techniques. Each set of data corresponds
to an ARS growth stage. Each set of data is a summary of pre-
dicted fallure-rates that takes into account the availability
of new materials, the potential improvements from quality _
control and/or selection techniques, contemplated packaging
methods, the potentlal success inherent in reducing handling
hazards, and the other programs of rellability improvement
covered in more detail in other paragraphs.

For this analysis, the high-population parts of the ARS
are outlined in Table 8-2, This table refers to Figures 8-5
through 8-28 which are the specific failure-rate prediction
characteristics derived for the given component family and .
ARS growth stage. . These in turn are a summary of many delib-
erations, For example, many of these prediction curves show .
a temperature asymptote, i.e. a bounding temperature at which
fallure-rate tends toward infinity or total unacceptability.
In going from one growth stage to the next, the predicted
availability of new materials or material processing is reflected
as & new asymptote, usually at a substantially higher temperature.
Also, it can be noted that most prediction curves show a tendency
to "flatten out" at low stress levels, That is, there is a
'residue of fallure-rate which 1s beyond reduction by derating
or use at low combined streas levels., This may be int’erpréted
as the hazard of manufacture, transport, insertion (inecluding
soldering) and random stress conditions (such as shelf 1life
effects, severe humidity effects, chance excursions into tempera-
ture extremes, etc.) Much can be done to reduce these sources
of corponent failure. Such improvements are also pre jected
into the failure-rate prediction curves,, = ¥ '
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TABLE 8-2
Families of High-Population Component Parts in ARS

~ARS Growth St

Component Fhmilyl # #IT #111
1. Sigzcitors, Paper Dielec- Fig. 8-5|Pig. 8-6 Fig. 8-7
_2.‘g;§gcitors, Mica Dielec- Fig. 8-8 [Fig, 8-9 | Fig. 8-10
3. Capacitors, Ceramic Fig. 8-1) Fig. 8-13 Fig. 8-13
. Resistors, Composition, '
Fixed (or film Fig. 8-14 Fig, 8-15 Fig. B8-16
5. Resistors, Wire Wound Fig, 8-1ﬂ Fig, 8-18] Fig. 8-19
6. Transformers and Coils Fig. 8-20 Fig., 8-21| Fig. 8-22
7. Relays and Switches Fig, 8-23| Fig, B8-24| Fig. 8-25)
8. Diodes, Silicon Fig. 8-26| Fig. 8-27|Fig. 8-28
4
1., It is to be noted here that the classification of component

familles is only representativé, i.e. in going from Growth
Stage I to Growth Stage III the "paper capacitor" family
may actually employ a new dielectric material other than
paper, However, the circuit demands will be essentially
the same and the "paper substitute” characteristics can be
projected into equivalent ranges, tolerances and other
application needs,

It is vertinent to note here that these reliabiliﬁy grdwth
stages correspond to the development phases of ARS (described
in the Development Plan submitted by RCA) according to the
following approximate relation: '

Growth Stage I - ARS Development phases 1 and 2
Growth Stape II - ARS Development phases 3 and l
Growth Stage III - ARS Development phases subsequent to I
[ N
EITOO (RSYi\
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ENGINEERING APPLICATION OF RE_;LIABILITY MODELS

A third (and vital) issue is the matter of component part
application techniques. For example, ‘thermal convection be-
comes insignii‘icant under extreme vacuum conditions, making
it necessary to 'reevaluate the ratings of thermally dissipative
components., (About one quarter of the heat sink of small com-
position resistors-is provided by convection loss; their
effective rated wattage is significantly reduced under vacuum
conditions,) In deriving and applying the failure-rate curves
given here, every effort has been made to provide a maximum
degree of conformance with the imique factors pertinent to ,
the ARS growth stages used as a framework for this analysis.

The fallure-rate predictions made for various component
factor families stress the importance of temperature as a cru-
cial enviromment. Hoﬁever, the bulk of experience on com-
ponents, materials,and even electronic equipments is based
upon sustained temperature effects. When there is a definite
temperature-time profile to be considered, some question arises
as to the effective sustained temperature and the deleterious
potential of the peak temperature, If an assembly of componeht
parts were subjected to the schedule o temperature enviromments
shown in Figure 8-29, thers will be some sustalned temperature
(To) at which the equivalent total failure rate can be antici-
pated. T’hus, with a given array of compohent parts, a function
can be derived showing the dependence of the summation of part
fallure rates upon the e‘quivalent ambient temperature., At an
ambient temperature of ,0°C this relation for many electronic
assemblies indicates that failure rate imreases,as'thef'ifth'
power of absolute temperature in this region. If the predlicted
fgllure rates for time intervals ‘tl’ ta, t3 and th are 11, )‘2’.
13, and 7\,4 respectively, there will be an equivalent failure |
rate ly‘sueh that o i,

=2 + + + :
lyt,y ltl lata 13153 luth ‘
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and N "
Ay = ):ﬂ_F A (=
i=1 ty
where ty is the total period of operation and )‘y is a time-
welghted mean failure rate. Now the equivalent sustained
ﬁemperature (Ty) is defined to give rise to the same effective

failure rate. Noting that

T
A 1(1)5'
17y

and

etc,

Ay = xy (=
1t is seen that
- t t t t 1/5
P = [T{(%—;) + Tg('t?g') + ‘1‘?(—53-) + TE(E)-'L)]
v Y Y Yyt
This provides an equivalent sustained temperature over the tims

region (ty) which is equal to Ty as a time-linear, temperature-
exponential welghted mean.,

For application to ARS it is essential to explore the
significance of this condition sime it is envisioned that a
launch transient will introduce a temperature peak at the early
stages of the vehicle life. If the vehicle total life will
be no less than about 500 hours and the period of thermal
transient is to be sustained for something considerably less
than one mimite, a time weight factor of (L) will be 3 x 1075,
For a significant correction term arisimg from the effect of
the temperature profile the temperature ratio factor would of
necessity be very high. The estimated maximum value of

(.:_1.) is (530K/273K) so that
vy




(;L)'(Ei) =.28 x3x 10°5
= 84 x 10~5 = 0.08&%’cofrection

The above considerations show that the "rms" thermal hazard is
relatively insignificant, However, it must be emphasized that
"peak" temperature conditions can cause damage just as peak .
voltages may entail little total energy and yet cause failure.
Peak temperature must there fore be kept below the critical
leyel, In the ARS i1t is believed that this can be accomplished
by the simpie expedient of providing a normal amount of ‘
thermal mass to ﬁhe syétem which will hold the thermdl peak
-stress well q;thin.acceptable tolerances,

On the basis of what has been described above, it is essen-
tial to realize that the consideration of environmental condi-
tions for component parts can have two vital and distinct
aspects. For the purpose of:material or part testing the
employment of extreme-values stresses 1s common practice and.

. basically Jjustifiable. Under such.evaluation the superposition
of extreme-value stresses often resulls in test conditions

far from reality. .On the other hand, reliabiiity appraisal
neééssitates the derivation of a "most probable" enviromment.
entalling a practical degree of superposition. Thus, in this

ARS reliability analysis, component testingAenvironments are
weighed in the establishment of failure-rate predictions for
complete families of camponent parts. The stresses abpiied _

in the reliability prediction process are not neceasarily tled

to these conditions, but are adjusted to reflect the most probable
stress imposed by the ARS enviromments and packaging, These
stresses are,ifor the most ﬁart, of a more conservative level
than test conditions, since the system packaging provides a
useful protective inrluénce,fpartiuularly.thﬁough-tranéitory~
conditions. ' _
9
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A SIMPLIFIED TEMPERATURE-TIME PROFILE

g; Most Probable Environments for the ARS Electronic Assemblies

Diring its service life the ARS eleotronic assemblies will
be.- exposed. to three distinetly different envirommental complexes.
The first is the ground environment, during which it is antici-
pated that considerable operating time will be put on the sys-
tem in prelaunch adjustment and cheokout. . The second complex'_
will be encountered during the launch and ascent to orbit: it
.18 inherently transient but the most severe of .he three with
respect to shock, vibration and temperature, The third and-

" residual cormplex i3 the orbital enviromment in the reconriaigsance

mode.,
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Only the ground environment is reliably known; the launch-
ascent and orbital envirorments are based on estimates of ubper
atmosphere conditions., The uncertainty of these latter phases
should be largely resolved by feedback from Pro ject Vanguard
and ARS early vehicle tests. At present, however, these en-
virormental predictions should be recognized as having im-
plicitly broad tolerances. In addition to the uncertainty
of the enviromment, the present lack of a crystallized struc-
tural configuration for the vehicles introduces a further
source of encertainty with respect to the ultimate effect of
the environment on internal electronic equipment. Similarly,
at the present stage of development, many circuit details
are unresolved, as is the physical configuration and packaging.
This introduces additional latitude into the estimate of local
circuit enviromment on which a reliability prediction is based.

Within the framework of the above limitations it has
nevertheless been necessary to formulate an engineering es-
timate of the effects of probable enviromment on rellabllity,
based on the best information currently available. A summary
of this information, based largely on extracts from earlier
reports is contained in Table 8-3, In the sections following,
the probable enviromnments in each phase will be discussed, and

comments made on mechanical design techniques applicable to
their control.

a, Prelaunch Phase. The preiaunch phase includes the
handling enviromments encountered in transit, assembly and/or
erection, as well as those encountered in circuit operation
incident to adjustment and checkout, It is observed in ammuni-
tion type vehicles that this ground environment is often as,
or more, severe than that observed in flight as regards, for

instance, temperature, humidity, fungus, sand, salt spray
and shock,
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TARLE 8-3

ARS ENVIRONMENTAL SUMMARY

PERTINENT TO ELECTRONIC ASSEMBLIES

: ~Launch
Condition Prelaunch Ascent Orbit
Missile Skin Temp. 50°¢ 230°C to 595°C | After nine rev.
. 27°C mean

Electronic Equip. 50°C o 95°C mean parts |After nine rev,

Temp, (Package ‘Parts at 65°C with | at_110°C with |22 - 37°C

Skin) 159C rise (no 15°C rise parts at 37 -
ground cooling) 52°C with 15°

rise

Relative Humidity | Up to 100% RH if ——- negligible
not controlled,
but controllable
to negligibility

Shock or Thrust ' Possible 20g in 7 - 10g. negligible
handling if not .
controlled

Vibration Hai1road or truck | Half excursion of negiigible
1.5g enroute mean |1" at 10 cps :
2.5g peak at 60cps | (approx., llg)
3.0g peak at }jOOeps

Other Dust, salt atmos- —— Cosmic ray,

phere, fungus etc.
controllable in
Mamufacture and
handling in pre-
launch stage

Surface erosion,
Vacuum ambient,
Meteoric Impact,
- ete,

8-52
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‘With the ARS vehicle at the Patrick Air Force Base launching
site, the emperature, humidity, fungus, salt spray, sand and
dust infiltration conditions will be trying. However, at the
present state of the art these risk factors can be reduced to
reliable levels even for unsealed or unpressurized componenﬁs.
This is particularly true on a project of this importance
where the provision of what might be termed "prophylactic"
ground facilities is justified. These would include air con-
ditioned test spaces and provision for a continuous dry alr
purge of all electronic compartments while the vehicle is on
the launching pad. '

Shock and vibration incurred in transit and handling can
be adequately attemuated by conventional missile packaging
techniques ,l especially since the logistics here are more favorable
than those encountered in a field tactical situation., Similarly,
ground handling conditions, equipment and personnel should be
superior, Accordingly, the anticipated prelaunch phase en-
viromment can be summarized as severe in its unattenuated form
but entirely practical, making use of conventional missile
design techniques, together with special ground facilities.

b, Launch and Ascent. The principal environmental factors
during launch and ascent are thrust and vibration due to pro-
pulsive and aerodynamic forces, and kinetic heating. Thrust
of 7 to 10g and vibration of 10 cps, l-inch amplitude (approxi-
mately 10g) are estimated in RCA Memo, Camden Master Control
MR-1860-A, This same reference cites a maximum skin temperature
in the payload zone of 530°K, approximately 300 seconds after
firing. This corresponds. to an equipment package surface
temperature of approximately 370°K,

1. "Fundamentals of Guided Misaile Packaging”, Naval Research
Laboratory, July 1955,

gt
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The acceleration due to the thrust and vibration condi-
tions 1s not extreme and is apparently less severe than has
been encountered in several missiles including Viking (third
stage), Bomarc, Navaho, Corporal and Sergeant. In general,
missiles display a broad vibration spectrum, i.e. from O to
2000 cps, Conventional resilient isolation of ARS equipment
is apparently impractical in view of the strong 10-cps com-
ponent, Hard mounting, which has proven satisfactory in
large missilesa subject to enviromments even more severe than
is projected for the ARS launch and ascent phase, appears the
satisfactory solution. '

The maximum equipment package surface temperature of 370°K
(97°C) cited above is estimated on the basis of an average
flux (watts per square inch of package area) in the absence’
of more refined packaging data.

~ Over-average dissipation is likely to run significantly
higher in the final packages. Since even 97°C 1s in a criti-
cal temperature region for most components, the thermal problem
must be clearly followed on a continuing basis as detail cir-
cults and their packages evolve. Inasmuch as the kinetlc
heating is sharply transitory, some relief can be expected by
utilizing the thermal lag inherent in the massive, metallic
"buried-component" chassis which are characteristic of missile
hard-mounting. The possibility of introducing additional
thermal lag by means of insulation between the missile skin-
and electronic packaging 1s interesting. To the degree that
it is practlcal, the use of low emissivity package surfaces
and internal skin surfaces will reduce the radiant heat input
from the vehicle skin during ascent, Similar insulating
effect is inherent in the potting compourds used to embed cir-
cuits for hard mounting. Design techniques.uhich introduce
low thermal diffusivity (K/ C) are of obvious utility in re-
sisting the thermal transients anticipated in ascent, pro-

851
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viding of course that the overall conductivity is not reduced
to a point where steady-stage (orbital) heat transfer is in-
adequate.

As the package design requirements crystaliize time-
temperature simulation tests will indicate whether the above
"natural®™ methods are adequate or whether refrigeration must
be furnished. Such refrigeration, if required, might be
provided by an internally contained and expendable evaporative
refrigerant or by supercooling the massive chassis immediately
prior to lasunch. The latter could be accomplished by coring
all high dissipation chassis and passing ground supplied ‘
refrigerated air through the cores, thereby lowering the chassis
temperature significantly prior to firing., The ground supplied
air would of course be cut off at the time of firing. This
technique would favor the use of dry air pressurization to
forestall condensation in circult packaging.

In summary, the launch and ascent enviromment will be

- severe, though of short duration., The thrust, shock and vibra-
tion requirements currently anticipated can be met with pre-

sent migsile packaging techniques. The thermal problem, based

on predicted maximum case temperatures of 97°C, is also

severe, but 1s belleved capable of attenuation with conventional
packaging techniques employing "natural® heat transfer. Should
‘subsequent circuit developments lead to higher dissipation'
densities, resort to refrigeration may be required for the ascent.,.
In any event, it is practical to simulate this thermal environ-
ment as the circultry and packaging evolve, and teéts should

be employed to monlitor its severity and to indicate whether or

not further techniques are required., In other words, while '

the attaimment of a rellable thermal enviromment for the circuitry
may require considerable design and evaluation effort, there

is no apparent reason why the final design cannot be adequate.
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e, Orbit. The environment to be encountered in the orbital
phase 1s most important in that it comprises the one in which
the vehicle settles down into and spends its useful (recon-
naissance) life. ‘

Mildness characterizes the predicted thermal enviromment.
Vehicle skin temperatures (0,03l-inch stainless skin) will vary
between about 2140° and 320°K (-33° to plus 47°C) depending
" on the solar exposure, but so far as the payload is concerned,
" this variation is damped out to between 308° and 314°K, with
a mean of about 310°K (37°C). This estimate.1s based on a
dissipation density of 5.3 watts per cubic foot. For zero
dissipation density, a mean package skin temperature of about
295°K or (22°C) is predicted. These temperature ranges are

clearly conducive to reliability and are no more or less severe
 than those encountered in present airborne systems,

Once the vehicle has settled into orbit, the almost com-
plete absence of external forces on the vehicle makes the
thrust-shock-vibration enviromment minimal, The use of in-
ternaily applied attitude correction or the.Opération of electro-
‘mechanical devices must, of course, be controlled so that these
"disturbances do not jeopardize reconnaissance resolution. But
these disturbances could not concelvably pose a mechanical threat
to the equipment or circuitry. That is, equipment which can
survive the thrust-shock-vibration enviromments in prelaunch
and launch should thrive on that of the orbit.

' The uncertain portions of the orbital environment are
those associated with the ionosphere. These are the degfee
of risk imposed by cosmic fay and high ultraviolet radiation,
meteoric impact and damage, and skin erosion resulting both
from the high speed bombardment of atomic oxygen and molecular
nitroren. These factors apé felt to be non~critical but they
require feedback from high-altitude research vehicles (such
as Vanguard) before they.can dusted. The effect of high

C‘ i ] -5
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vacuum (10"8 to 10710 mm Hg) on those circuit parts which are

unpressurized may present some problems in material degradé-
tion due to degassing and loss of volatile solvents. The
presence of highly ionized, relatively dense residual gases
within the vehicle may also present a risk to unpressurized
unsealed electronic equipment., The solution to these latter
uncertainties perhaps lies in encapsulation techniques, '

Comments on the orbital enviromment can be summarized

" by observing that the known or predictable factors are mild

or minimal, while those which are uncertain await feedback
fram early vehicle tests before the applicable design criteria
can be out lined.

d, Conclusion, Except for the orbital phase, present
missiles are operating in envirorments as, or more severe,
than those projected for ARS, Accordingly, there is no
apparent reason why the judicious extrapolation of the present
state of design art should not be an adequate initial guide
in the growth of a highly-reliable ARS system. With regard
to the uncertainties of the orbital phase, there are areas in
which test vehicle feedback 1s required to firm up design -
criteria, but it is felt that these uncertain: factors will be
of a 1limiting, rather than prohibitive degree.

3. Representative Satellite’ Configurationsl

Detailed information on many of the factors which will:
influence the reliability and life of an earth satellite 1is
as yet not available, Highly reliable performance of such
a vehicle on a military assigmnment must therefore be obtained
through a growth program of successive satellite flights. Each

1. For the purpose of this study a representative electronic
system 1s one which will have the same level of complexity
as the final design will probably entail. There 1s no claim
to uniqueness in the formulation of a nrepresentative system
and the functional demands visualized are used solely to
establish a criterbn for reliability approach. '
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vehicle will contain more complex equipment and provide more
detalled information on high altitude conditions as they re-
late to reliability, However, sufficient data are already
available to permit gross evaluation of the reliability of

the first satellite to be launched. Fuarthermore, future ex-~
tensions in the state of the art and future plans for more com-
plicated satellites are now well enough defined to permit

an extension of the rellability analysis to two stages of
growth bevond the present state as shown in Figyre 8-30,

- The objectives of thls reliability study make it manda-
tory that a series of assertions be made with regard to the
ARS enviromments, systems and circuits to set the stage for
the consideration of the concrete facts and figures of relia~
bility prediction. Such tentative decisions are mnecessary

to avold the picture for the sole purpose of reliability com-
putation. '

a. Configuration and Reliability of Growth Stage I.

It can be assumed that the first satellite flight will be de-
voted solely to research to the exclusion of milité.ry recon=-
naissance. Such a vehicle would contain various sclentific
instruments with associasted telemetering equipment to relay
the information to sarth, It would contain command equip-
ment to. activate the scientific equipment, a beacon to aid in
determining the position of the satellite and a stabilizing
system to ald in keeping the satellite directed toward earth.
A Slow scan vidicon camera chain should be included as part
~ of the instrumentation to provide information to aid in the

design of visual reconnaissance satellites. Such a system is
- shown in the block diagram Figure 8-31.
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It is important to note that the system proposed in the
block diagram of Figure 8-31 is representative of the type of
equipment which would be included in a research satellite at
the first stage of growth., This is true for the complexity
of the equipment as well as for the functions it performs.
Even though the system in its final form msy be different than
the system presented here, its reliability will deperd upon
the same envirommental conditions, upon the same component
materials, and upon appro_ximately'the same component popula-
tions. Therefore, the mmerical reliability figure arrived
at for this representative system should hold for the final
system built into the first satellite,

In the research vehicle, as in the other vehicles to
follow, most of the electronic equipment 'v{ill be in operatiqn
during the launching phase. In the orbit phase, however,
only the monitor receiver and possibly the attitude stabilizer
will have a duty factor of one. Although it 1s anticipated
that the more advanced reconnaissance satellites will be in-
terrogated by two ground observation stations located with the
continental United States, the research vehicle needs only '
one such interrogation station, This would limit the interroga-
tion time per orbit to approximately 7 minutes since reliable
tracking and communication is re}stricte'd to an angle of 15°'
or more above the horizon. When the vehicle comes into range,
the monitor receiver would activate the power supplies and the
transmitting and receiving equipment and would place all instru-
mentation equipment in "stand-by"., Individual pieces of in-
strumentation would be required to supply information to the
telemetering transmitter upon command sent to the msin receiver,
In general, each instrument will have a low duty factor. The
transmit ting and receiving functions will have a Jduty factor
which corresponds to the duration of observation. A summary
of these duty factors is shown in Figure 8-32,
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Pigure 8-32 indicates that the'duty factor on the vertical
stabllizer can vary from 0,11 to 1, This function is required
to stabilize the vehicle during operation of the television .
camera chein only. In the research vehicle (Growth Stage I) the
camera chaln will probably be operated no more than is neces-
sary to orove tlie feasibility of such a device., This might
require only one or two orbits of flight. -However, it seems
advisable to evaluate the attitude stabilizer on the basis of 
& continuous demand, since the camera chain in the reconnais-
sance satellite will have high duty factors.

. Pigure 8-31 shows the four main functions of the ARS
‘research vehicle. These are the beacon furc tion, the vehicle
- stabllization function, the instrumentation function and the
telemetering function. Failure of any one of the instruments
will not affect the collection of information from the other
instruments. By way of contrast, a fallure in the telemetering
tr_ansmitte'hwould cause complete loss of all sources of relgyed
information. Between these two extremes of parallel and series
type failures® other failures can occur which are not as clearly
defined. As an example of this, an inoperative main receiver
would normally be considered to meke the entire satellite
telemetering system inoperative, ~However, if the system in-
corporates an automatic sampler which is activated when the
main receiver falls, a form of redundancy has been 1ncofporated
which will make the system more reliable and which must be
reflected in the final reliability numeric. Factors outsids
of the vehicle also play a part in determining whether a unit
failure produces a series or parallel effect, Beacoh informa-
tion received on the ground might be used to train ground tele-
metering antennas, If this is the case, loss of the beacon
function would make the entire system inoperative.

1. Carhart, R.R,, "A Survey of the Current Status of the Elec-
tronic Reliability Problem" - U,S, Air Force, Project Rand,
Rand Corp. Research Memo #RM-1131 dated 1} Aug. 1953.
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‘Unit "On Time" per orbit Duty Factor
Main Receiver 7 © 0,08
Subcarrier Disc 7 0.08
Transmitter 7 0,08
Power Amplifier 7 0.08
Commutator 7 0.08
Subcarrier Oscs 1 7 0.08
and 2 :

T{bcan"ier Oscs 3 to 2 0.02
Subcarrier Osc 12 0.7 0.008
7.V, Camera Chain 0.7 " 0,008
Other Instrumentation 2 0,02
Beacon Rec. and Trans- 7 0,08
mitter :

Monitor Receiver 90 1.0
Vehicle Stabilizer 10 to 90 0.11 to 1

Figure 8-32. "On Time" and Duty Pactor for the Various
Electronic Functions,

Because of the interplay of these factors it is necessary
to establish a firm "system operation" concept before a numeri-
' cal reliability prediction is attempted, For this study it
will be practical to assume that all of the units of instru-
mentation fail in parallel, It will be necessary therefore
to evaluate only one such unit, the televislion camera chain
with its associated subcarrier oscillator - to ascertain the
overall reliability of the system, All other units will be
considered to fail in series, This will result in a slightly

peésimistic fipure (lower than actual mean life) for the system
reiiability.
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Detailed information concerning the circuits and compo-
nents employed in each of the units of the representative ARS
electronic system 1s given in the appendix to thls chapter.‘
Circult Punctions and Failure Rate Analysis., Two of the units
in this system employ transistor circuits. This is based upon
an anticipation of reasonable advances ;n the state of the art
at the time of the first satellite launbhing. It 1s probable
that approximstely 50 percent of the system will be transis-
torized for Growth Sﬁage II. Growth Stage III will probably
be transistorized for the most part.

The importance of adequate safety factors in the appli-
cation of components has been emphasized in previous portions
of this report. Assuring such safety factors in practice
is primarily a matter of polioy‘determinatioﬁ before the de-
slgn 1s begun., In the case of the ARS systems, for example,
1t would seem reasonable to keep the stresses on plate re-
sistors below 0.4 of realistic rated wattage, Similar policies
have been established for the other components in the ARS system
and are reflected in the stress columns of ‘the appendix,

The summary table in the appendix indicates that the
representative electronic equipment presented here, operating
with the temperature profile and electrical stresses indi-
cated above, wlll have a mean time to catastrophic failure of
9,800 hours. It will be remembered, however, that the actual
operating time of the first satellite will be limlited to approxi-
mately'SOO hours because of the limlted battery energy available,
Figure 8-33 shows the probability of survival of the satellite
as a function of time, "time gzero" being the time of launching
A probability higher than 95 percent is anticipated for the
entire period of zero to 500 hours, the time at which the power
sources aboard the vehicle will fail. It should be emphasized
again that the high survival probability is brought about by
conservative duty factors for the various electronic functions,

8-61




ENGINEERING APPLIGATION OF RELIA BILITY MODELS

by conservative application of the component parts and by
conservative environmental conditions,

While it is quite possible that the usefulness of the
satellite might be deatroyed soon after launching by some
envirommental condition not taken into account, such as fallure
by meteoric lmpact, the probabllity of such a failure is _
assumed to be remote and would influence the probability of
survival curve to a very limited extent ,

b. Growth Stage Il Considerations, The vehicles of »
Growth Stage II will also most likely be devoted predominately
to research, The research problems, however, will be different,
It is anticipated that during Growth Stage I interest will be
concentrated on obtalning information about high altitude _
environmental conditions, stabilization problems and orbital
characteristics. Growth Stage II will probably be concerned
with obtaining information about, and developing, visual re-
connalssance techniques, While it is anticipated that the
first vehicles of Growth Stage I will be launched in mid-1958,
the first vehicles of Growth Stage II will probably not be
launched until mid-1960. This should provide an excellent
opportunity to improve component part performance and reliability
for Growth Stage II by incorporating the findings of Growth
Stage I into their design. This has been reflected in the
Fallure Rate charts for Growth Stage II, which cover in detail
predicted improvements in materials, quality control and app l1i-
cation techniques, | '

Since Growth Stage II vehicles will be devoted primarily
to visual reconnaissance research, the electronic equipment '
employed in the vehicles will vary fram that inecluded in prior
vehicles (used for high-altitude research) both in complexity
and form. They will probably still contain beacon, telemetering,
and comand,‘ef;uipﬁent but the monitoring equipment will probably
be replaced with a program clock and much of the ingstrumentation

8-65
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in the earlier vehicles will be removed. A more complicated
television function will replace this instrumentation. Not
only will higher resolution be required, demanding a more
precise optical system, an 1mage'orth1con in place of the
vidicon and a wide-band transmission system, but storage of

. the*visual information will also be required. Several methods

- of accomplishing such storape are being developed and have

been discussed in previous portions of this report. One of
‘the'moré promising of these would seem to be the slectrostatic -
tape storapge., This would require additional read-in and read-
out equipment, (See Figure 8-3})

Another difference in the vehicles of Growth Stage II is.
that they may operate on solar energy., The vehicles will
probably contain solar batteries, Even at today's state of
the art, solar batteries are highly rellable although in-
efficilent, The principal difficulty to be anticipated from
this source of power is the unreliability entailed in inter-
connecting the vast number of cells required and providing'

a satisfactorj mechanical structure of the large collection
areas necessary. 3Since the vehicles are required to operate
within the shadow of the earth, storage batteries, charged
from the.solar oells, may glso have to be included. '

Duty factors in the visual reconnalssance satellite will
likely be higher than they were in the high-altitude-research
- vehicle. The television camera will probably be operating
at least half of the time and the information storage equip-
ment will probably be operating under continuous demand.
.Telemetering and beacon equipment will most likely be operating
at approximately four times the rate of the Growth Stage I
satellite. Furthermore, the reconnaissance satellites will
undoubtedly incorporate a.highef number of "parts peculiar”,
These factors would have a tendency to lower the satellite
'survivel probability.
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Balanced against this, however, are the 1mprovements maao'
in packaging techniques and high-population components in the.
intervening tine and the development and use of redundancy

* techniques. Special components with short times to wearout

failure, such as magnetrons and traveling-wave tubes, could be
replaced automatically with duplicate units upon approaching .
wearout time, since redundancy in these ltems does not add
prohibitive weights, The effects of increased complexity
versus improved technology are reflected in the Summary Table
for Growth Stage II in the appendix, The probability of
electronic. equipment survival as a function of time for such
a satellite is then given by the curve of Figure 8-35. Here
arain it should be emphasized that the satellite has a high
probability of survival up to the time at which special com-
ponents begin to wear out. (See Figure 8-3l)

c., Growth Stape III Considerations. Operationally,
Growth Stage III satellites will be divided into two main _
categories; those designed for visual reconnaissance, and those
designed for detection of electromagnetic sources. As con-
trasted to Growth Stage II vehicles, these vehicles might ob-
tain energy from nuclear power supplies., It is difficult at
this time to predict what effect the nuclear supplies will have
‘on the reliability of the vehicles., Assuming; however, that
these problems can be solved by adequate packaging techniques,
the environmental conditions encountered for Growth Stages I
and II will predominate, ' ‘

Furthermore, Growth Stage III satellites will have about
the same complexity as the Growth Stage II satellites. However,
~approximately four years will have elapsed since the launching
of the first satellite. Projected developmént of components
and tedhniqueé would indicate that gt this time a probability
of swvival for the Growth Stage III vehicles similar to that
given in Figure 8-36 could be anticipated.
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APPENDIX TO CHAPTER VIII

CIRCUIT FUNCTIONS AND FAILURE RATE ANALYSIS
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CHAPTER IX

COMPONENT CONSTRUCTION AND SELECTION TECHNIQUES

A. INTRODUCTION ~

This chapter contains a rather general discussion of -
possible plans for obtaining improved reliability through
manufacturing process control and parts selection proce-
dures., The first plan applies where the usual product is
very close to being sufficiently reliable; this plan depends
largely upon'more stringent inspection techniques and analy-
sis of failures. The second plan applies where much more |
reliable operation is required than is currently afforded
by existing eduipment; this plan calls for very stringent
process control in all phases of the manufacture, special
training for personnel involved in the manurdoturo, very
severe and thorough inspection, large-scale testing, and
careful analysis of every failure in order to improve the
process control, 4

B. A PLAN FOR OBTAINING MODERATE IMPROVEMENT OF COMPONENT'
RELIABILITY

1) Establish comprehensive purchase specifications
and rigidly enforce them,

2) Prepare and .enforce strict manufacturing speci- -
fications. Degradation often occurs in the equip-
ment assembly process. ‘

3) Screen potential vendors by careful inspection of
thelr production and quality .control facilities,
This would include inspection of items produced in
8 manner similar to that for the proposed contract.
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)

5)

é)

7)

8)

9)

10)

Establish qualified production 1ists based on meset-
ing prescribed standards,

Conduct both periodic snd non-scheduled requalifica-
tion tests. When possible, t he test samples should
be selected from the purchaser's stock,

Require the vendor to report any planned change in
component material ' or in manufacturing process.so
that a new evaluation of the component may be made
prior to its use in equipment,

Monitor and analyze field failure information to
establish the cause of failure, to find remedial
téchniques, and to decide if vendor qualification
should be withdrawn.,

Utilize more protective sampling inspection pro-
cedures, Inspection of a sample by variables,
where applicable, generally affords more complete
information on the quality of the lot than the

same size sample inspected by attributes., In any
case 1t is possible to specify excellent sequential
sampling plans for inspection elther by attributes
or variables,

Make increasing use of statistical sampling tech-
niques for both destructive and nondestructive
tests of components, subassemblies, and complete
systems,

Be sure that a component is suitable for the speci-
fic application in which it 1s to be used. A large
percentage of field failures are caused by mis-
application,

C. A PLAN FOR OBTAINING EXTREMELY RELIABLE COMPONENTS

1)

Use only vendors with a babkgrouhd of many years of.
proven integrity,.

ne

- s 8 -




COMPONENT CONSTRUCTION AND SELECTION TECHNIQUES

2) Specify not only component performance requirements
but design and manufacturing process requirements
as well,

3) Require if necessary dust free, temperature and
humidity controlled, and exceptionally clean fao-
tories. ' ‘ |

i} Where possible, develop automatic manufacturing
and testing facilities, |

5) Monitor every step in the production of parts from
‘the selection of materials to the final assembly,

6) Carefully train all operators, inspectors and

| supervisors,

7) Employ exceptionally rigid sampling ihquction
‘plans calling for such procedures as recycling
items through non-destructive teats, use of in-
creased stringency tests to failure, life testing
in excess of the time required for operation when
feasible and accelerated life tests when valid.
Marginal checking procedures should be used on 100
percent of the items when moaningful._

8) Analyze every failure, whether it occwred in the
field or during factory inspection, to determine
the cause of failure and the necessary remedial
steps.,

D. SOME REMARKS ABOUT THE TWO PLANS

The first plan assumes that, if the vendor knows pre- - -
cisely the requirements to be met, the threat of disquali-
.fication will be sufficient to force him to maintain stand-
ards and that a somewhat more stringent inspection sampling
is all that is required to prevent an unsatisfactory lot
from being accepted, If either of these assumptions is
false, a plan such es this can result in lots being accepted
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only very infrequently. Such plans are common in the produc-
tion of missile electronic equipment.

' The second plan assumes that the way to assure relia-
bility is to utilize conservatively designed items in very
carefully controlled manufacturing procésses and to insure .
the quality of the finsl product by conducting very pro-
tective sampling inspection techniques, This type of plan
was utilized in manufacturing the repeaters for the under-
water telephone csabls, A '

E. AN EXAMPLE OF A POSSIBLE COMPONENTS TEST

Testing must establish that a component is able to with-
stand the stresses of ascent and then to operate for the re-
quired length of time., To instrument such a test on the |
ground requires that a detalled knowledge of the ascent
stresses and orbital conditions be obtained very early in
the program. With this knowledge as a guide, a large part
of each lot could be subjected to simulated ascents. Com-
ponent performance would be measured before, during (if the
component would ordinarily operate during ascent) and after
to ascertaln the quality and uniformity of the lot, Those
lots that performed satisfactorily during the simulated
ascent tests would then be placed on life test under simu-
lated orbital conditions. Only those lots that had satis-
factory life would then be used in production., If more
lots are accepted than are required for production, it 1is
possible to use statistical methods to select the best of
these lots, 1,2 . '

T

Beckhofer, R, E,, Dunnett, C. W., and Sobel, M,: "A Two-~
Sample Multiple Decision Procedure for Ranking Means of
Normal Population with a Common Unknown Variance",
Biometrika 41, 170-176 (1954)

2 Sobel, M,: "Statistical Techniques f or Reducing Time in
’ Rgl%abé%%ty Studies", The Bell System Technical Journal
35 (19 . -
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This type of testing procedure, when coupled with a
thorough analysis of the failures, provides a method of
determining the current reliability of the system and the
measures that are mecessary to make it more reliable. This
is a costly tésting procedhre but it is undoubtedly con-

siderably less expensive than a series of unsuccessful
"shoots",




CHAPTER X
CONCLUSIONS AND RECOMMENDATIONS

. A, CONCLUSIONS

Equipments have been successfully designed for extremely
long-life operation - for example, 20 years in the case of .
the underwater telephone cable repeaters - although none of
these long-life designs approach the complexity required in
the ARS development. Long life has been achieved in the past
through the use of extremely conservative design practice, the
use of only components and materials with a long history of
satisfactory operation (proven integrity), stringent process
control, and extensive testing.

Proven integrity camot be demanded of many ARS components
since the unique enviromment of the vehicle necessitates the
use of components now in the development stage. This places

even pgreater stress on developing adequate process control and
extensive testing, '

l, High-Population Components

A probability of 0,95 for 500<hour survival of the early'
vehicle once orbit is attained appears feasible if there is
a greater emphasis placed on process control and parts selection.
Use of new materials for components and considerable advance
in material selection techniques will be required in addition
to rigid process controls to meet the longer life required of
the later vehicles. |

The information on component performance under ascent
conditions, though extremely limited, indicates that adequate
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packaging techniques are available which will enable the com-
ponents to withstand the thermal shock, the vibration, and
the rapid change in pressure encountered in ascent,

The selection of highly reliable individual components
and the maintenance of this reliability during assembly and
storage prior to launch is a problem requiring careful con-
sideration, | |

Such special precautions/as the potting of components
and using welded rather than soldered connections will be
necessary for satisfactory operation of components.

Many components which break down when operated at ordinary
ratings will operate satisfactorily if properly derated. Con-
siderable study 1s needed of the effects of derating on com-
ponent performance., |

2. Components Peculiar to ARS

a, Power Supplies, Various types of batteries and a

solar-heated thermocouple have been considered.

(1) "Single-Shot" Batteries. Batterlies are available
that meet requirements., The main problems are packaging and
the interconnection of cells,

(2) Storage Batteries, These batteries would be
used in conjuntion with solar batteries. Storage batteries
were not tested for this study but the available information
indicates that adequate batteries for this application can be
obtained with relativély little development effort., In addition
to the prdblems of vackaging there are problems in disconnecting
the battery charger after each charge eycle,
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(3) Solar Batteries. FPurther development is needed
in this area to increase efficiency. Extensive testing under
conditions similar to applicat:lon is required to establish
reliability. -

(4) Solar-Heated Thermocouples, Further develop-.
ment is needed, particularly with regard to the types of
materials used in the thermocouple, to increase efficiency.

b. Picture Tubes. The vidicon and the orthicon have
been considered., : ‘

(1) Vidicon, Tests on current model vidicons indicate
that, with slight modifications, this type of tube should
perform satisfactorily., Some effort 1s required to develop
a new target for the vidicon, '

(2) Orthicon. Test results ‘have been encouraging.
Further development is_needed, however,

(3) Night-Viewlng Orthicon. This tube is still in
the development stage,

c. Recording Systems. Magnetic and electrostatic tape
sys tems were considered.
(1) Magnetic Tape. A aubstantial amount of development
remains to obtain a reliable system. .
- {2) Electrostatic Tape. This tape is still in the
research phase of its development .

d, Microwave Transmitting Tubes. Both the beacon mag-
netrons and the television transmitter magnetron need further
development to attain the life requirements. '

e, Traveling Wave Tubes, These tubes might be suitable
for ferret applications., However, development of new traveling-
wave tubes to meet ferret requirements is required,
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3, Test Equipment

. a, Vibration Test Equipment. Suitable vibration exciters
are commerclally available for performing vibration tests in
the factory. Tie-down firing teats will probably require use
of an installation at one of the proving grounds,

b, Ultra-High Vacuun Chamber, Chambers for obtaining
pressure in the range from 10~° to 10~7 mm of Hg, for
evaluating such items as mass spectrometers and lonization
gages, have been built only in the laboratory and are not
commerclally avellable. '

¢. Vacuum Ovens, Vacuum ovens can be obtained commer-
clally that are capable of attaining pressures as low as 10"5mm
of Hg and are capable of both heating and refrigeration.

d. Quick Pulldown Chamber., Chambers are commercia.lly_'
available that will drop the pressure to 1 percent of sea level
within 100 seconds and 0.1 percent of sea level within 130 seconds,

e, Thermal Radiation Test Equipment. No test equipment
of the type recommended in Chapter VI is commercially avallable,

f. Nuclear Radiation Test Equipment., A complefe mockup
of the missile structure with payload component in place and
in operation is required. The test must be performed in an
installation equipped to handle and dispose of radioactively
hot materials,

g, Dust Accelerators. Two methods have been suggested.
An explosive technique has been instrumented in part and an

electrostatic method has been proposed. Neither apparatus is
commerclially avallable.
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h, Solar Battery Test Equipment. The items comprising
equipment for laboratory test with artificial light sources
are commercially avallable. The required outdoor mounting
stand can readily be built,

1. Ferret Test Equipment, Microwave signal generators
for testing ferret equipment are commercially available.

B, RECOMMENDATIONS

1, Gené ral

A comprehensive envirommental test program should be started.
This program would test components under conditions of ascent
environment, orbital enviromment and the radicactive conditions
that will prevail with the use of a nuclear power supply.
If valid inferences are to came from this program it is essen-
tial that both the engineering and the statistical design of
these tests receive very careful consideration. To this end
~such varied types of envirommental information as vibrationsal
characteristics during ascent, temperature profile in ascent
and cosmlc ray density should be gathered. It is recommended
that a central test planning group be set up to 1) assemble
the necessary envirommental information from various test pro-
grams currently in effect 2)on the basis of this envirommental
information plan,supervise and analyze suitable envirommental
tests, The planning group should have available to it adequate
centralized test facilities including access to a facility capa-
ble of carrying out the nuclear tests. A portion of this pro-
gram, such as nuclear tests, will require mockups of the vehl-
cle at an early date,

A group should be assigned the speciflc task of analyzing
the requirements for components needed to meet the design '
reliability goals. This group would 1) assist the contractor
Iin assessing the consequences of specifie componér;t comnmi tments
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on system reliability, 2) keep a current roster of preferred
materials and parts, and 3) work with vendors in developing
components of the required reliability,

Strict process control should be exeerclised in the
manufacture of components and in the assembly of systems.
By process control is meant not only control of the actual
manufacture of the camponent but the selection of material,
gquality inspection procedures, material and parts storage
procedures, and shipping and handling procedures.

4) A study should de pursued of methods performing for
accelerated life tests and for predicting life based on mar-
ginal testing. Such methods call for considerably better
understanding of the physical process of component failure,
Within limits it is possible to circumvent this knowledge of
the physics of failure by utilizing empirical . results

based on testing,

2, High-Population Components.

1) Encapsulants and potting materials such as epoxy and isocy-
anate should be studied. Proper use of such materials will
permit better heat transfer and sealing and will improve
certain electrical characteristics, Transformers and reactors
have recently become available using epoxy resins as the im-
pregnating material followed by casting in the same resin,
Thésq components, in addition to smaller size and better heat
dissination, are thought to have excellent hermetic sealing
and superior electrical eharacteristics.
2) The use of new dielectric materials for capacitors should
be studfed. This study should include: '

1) Gaseous dielectrics such as sulphur hexaflouride and

f;urocarbons-at two to three atmospheres.
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2) Liquid dlelectrics (flourinated)

3) Solid dielectriecs such as -polyester, lanestrol,.
synthetic quarté, glass paper, fused.silicate paper,
reconstituted mica, hot pressed synthetic mica, phos-
phate bonded talc ferrocube ceramics, ferroelectric
ceramics, and chlorinated indans as capacitor impregnant,

3) Precision wire-would resistors are too bulky; it is desirable
that precision metal film resistors be developed with an

increased rating at higher temperatures. _ _
l}) Development of transistors which operate well over a wider
range of temperatures is desirable, '

5) Develooment of circuit forming technlques such as weldling
1s needed for the high temperature application, '

3. Components Peculiar to ARS,

1) The early vehicles are entire;y dependent on the battery
supply hence considerable effort should be made to develop

‘sound packaging and interconnection techniques for the battery
supply units,

2) The operation of the transponder is esaential to successful
radar tracking and communications on the early vehicles, It
ils therefore recommended that the steps be taken to obtain a
reliable pulse magnetron. |

3) Development of a transmitting tube capable of transmitting
television signals at 8000 mc is desirable if the use of a

very highly directive beam 1is considered necessary for sacurity
reasons.

1) It is recommended that further developmental effort be.put
on the vidicon, orthicon, and night-viewing orthicon,
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5) More developmsntal work should be carried on in order to
obtain an adequdte and reliable magnetic-tape television re-
cording system, The electrostatic tape i1s still in the research
stage, The increased simplicity of a system utilizing this

tape makes further efforts toward its development desirable.

6) Some developmental work is required to obtain increased
efficiency from solar batteries, Sufficient test data must

be gathered to enable an estimate to be made of theilr performance.
Storape cells to be used in conjunction with the solar batteries
should be given extensive tests, Battery packaging and inter-
connection techniques should receive careful consideration.
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If dry circuits failures are the result of film or semi-
conducting phenomena, the circuit designer is mis-applying
relays when they are used in low level clrcuits.,

If dry circults failures are the result of some other.
phenomena such as permanent displacements of contact
position or others, the relay designer needs to be
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U,S. Navy Inter-Burean Technical Committee thhington, D, C,
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The report exsmines qualitatively thé advantages and dis-
advantages of various mechaniams for possible use in
electro-magnetic relay designs, No attempt has been made
to consider the choice of materials, Only the mechanical
features are discussed.
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by Electron Tubes", Anon - Aeronautical Radio Inc., - Interbase
Report "1 - Navy Dept. Contract NOBSR - 64508 Index NE 110231 -
Subtask No.l - dated 15 March 1955
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"Design Factors That Extend Electron Tube Life", Wyman, John H,
(Bendix Aviation Corp., Eatontown, N,J.,) - Tele.Tech.- Nov. 1953

Results of field tests show effect of environmental con-
ditions on tube reliability. How to keep cathode and
bulb temperatures within safe limits is discussed. Heat
and vibration are the two major envirormental factors of
long tube life.

"Electron Tube Life and Reliability - Variations of Life Per-
formance with Usage Conditions", Acheson, Marcus A, -
Sylvania Electric Products I_nc. - 1954

This paper presents a condensed view of some analytical
tools that are applicable to problems of equipment design,
operation and maintenance. It presents particularly the
shapes and nature of tube life curves, and how these

vary wldely with performance and envirormental conditions,

"Techniques for Apnlication of Electron Tubes in Military
Equipment™, Whitlock, Rex. S,.(Wright Air Development Center)
WADC Technical Report 55-1 - January 1955

The report presents the application of electron tubes in
three parts., First, dealing with the general nature of

the properties of electron tubes, second, with considera-
tion of the effect of these p aEerties in circuit design,
and third, presenting mechanical, &lectrical and environ-
mental data on the properties of specific tube types with

such related general inronmation as may be applicable for
that type,

"Tri Service Preferred Eleetron Tube list for Guided Missile
Use", Anon

‘"Some Important Characteristics of Tantalum Electrolytic Capaci-
tors", Dzwonczyk, J. G. RCA Engineers Digest - Nov. - Dec. 1955

When designing filters the minimum capacity for adequate
filtering at the lowest operation temperature should be
used., In selecting capacitors for coupling applications,
the magnitude and change in leakage current over operating
temperature range should be considered. When a tantalum
unit has been idle and voltage 1s suddenly applied, the

- leakage wlll sometimes show discontinuous fluctuation
until the unit has stabilized, Because the dissipation
factor in tantalum capacitors bas a rising characteristic
with increase in frequency there is a frequency at which
the unit behaves like a pure resistance.
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"Paper Capacitor First Failures and Their Distribution®, Franlin,
¥.S, (John E, Fast and Co., Chicago, Ill,) - 6th Annmual Elesc-
tronic Component Conference Proceedings - May 1955

This paper describes the results of one of several tests
carried on to determine the distribution of early elec-
trical failures and, by the methods of the statistical
theory of extreme values, to arrive at a proper voltage
rating to attaln reliabilities of the order of 99.99%.

"Application of Tantalum Electrolytic Capacitors"”, Warner, D,F, -
IRE, PGCP-l, November 1955

"High-Temperature Foil-Type Tantalum Capacitors™, Peck, David B.;
Bubriske, Stanley W.; Schroeder, Walter W, Jr, (Sprague Electric
Co. - North Adams, Mass) - Electrical Mamifacturing - May 1956

These capacitors have been developed for rellable continuous
operation at 125 G, Design calls for a rolled tantalum-
foll capacitor section, impregnated with a non-aqueous,
organic-type electrolyte sealed in a tubular aluminum housing
with a special Teflon-rubber triple-spun gasket, Life _
test data are presented indicating stabllity and very low
leakage current. A predecessor 85-C design is also de-
scribed., Tests conducted to data have shown that these
capacitors will meet all of the requirements of MIL-C-25102
with the added requirement that all 85C ambient tests con-
ditions are replaced by 125 C test conditions.

"A Progress Report on the Twenty-Thousand Hour Aging of Some
Semi-Conduc tor Diodes", Lane, M, C, (National Bureau of Standards,
Washington,D.C,) - 6th Annual Electronics Components Conference
Proceedings - May 27, 1955

This is a progress report on 350 randomly chosen diodes

from different manufacturers. These diodes have so far

been aged 20,000 hours and periodic static and dynamic
measurements have been made to determine long-term changes.
in the forward current, reverse current, forward transient
response, hysteresis and reverse current creep of each diode.

"Testing Selenium Rectifiers", Pagano, Edward L. - Electronic
Design, April 15, 1956 pp 36-39 '

The useful life of a selenium rectifier is defined as the
time required for the output voltage of the unit to de-
crease to 90% of its original value. This is a function

of both the forward and back resistance characteristics

and many tests are designed to determine life characteristics
by a measure of the resistance characteéristics, In these
tests care must be taken to permit the reverse characteristics
to "form", that is, to permit the reverse leakage current to
decrease upon application of voltage, especially where
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Initial worth of the rectifier may be established crudely
by a DC test of low voltage in the forward direction,
resulting in production of a minimum acceptable forward
current, followed by a DC test of high voltage in the
reverse direction, resulting in a maximum acceptable
leakage current., A more significant test is the Dynamic
test using an AC circult of conventional design to measure
forward current but placing the rectiflers back to back

to measure leakage current. The difficulty here is that
the forward characteristic of the rectifier is non-linear
and 1s therefore effected by the impedance of the AC source.
‘In the reverse direction, the leakage current is a composite
of the rms currents of both rectifiers. This makes it
difficult to separate the good rectifiers from the bad
ones. Some of the erroneous readings of this tesat may be
reduced by using an improved circuit employing additional -
vacuum diodes and rectifier type AC meters. However,

the important point to remember is that in tests conducted
on rectifiers it has been determined that the initial
condlitions do not necessarily disclose absolute rectifier
quality. It is the rate of change of initial conditions
that is the deciding factor. ' '

"Pesting One-Quarter Million Transistors", Schul, George R,
and Greenbaum, William H, (Somotone Corp., Elmsford, N, Y,) -
American Society for Quality Control, National Convention
Transactions, 1955 - pp 559

"Performance of Selenium Rectififer at High Temperatures”, :
Bechtold, N,F,; Morris, E, W, (Signal Corps Engineering Labs,
Fort Mommouth, N, J,) - Electrical Manufacturing - May 1956

The results reported here present rerating curves and

also delineate various patterns of failure, with the ratio
of input a-c current to reverse leakage currentas the

chief criterion of comparative performance. This particular
investigation has established the existence of two dis-
tinet failure patterns which are independent of plate type
(conventional or high temperature) and selenium application
process (pressed powder, evaporation or molten dip), but
peculiar-to products of specific manufacturers.

"Determination of Transformer Life", Hamilton, R,L., and Walter,
G.E, (G,E, Co., Fort Wayne, Ind.) ~ Proceedings - 1954 Electronic
Components Symposium - Washington, D. C,

To obtain satisfactory life for a transformer, three
problems should be solved: (1) the electronic equipment
marufacturer or user should define satisfactory "life",
(this is customarily the length of time that some percen-
tage of the equipments manufactured should maintain a
satisfactory level of operation under the prevailing
operating conditions); (2) realistic quantitative values
for the operating conditions that the transformers will
encounter in the equipment should be established; (3) the
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supplier needs to predict accurately the effect of these
specified operating conditions on the transformers,

To develop a life-test technique for transformers; in-
formation is used that is derived from controlled life
testing, applying techniques involved specifically for
tranaformers. The three segments of this program are

(1) operation of the life test, (2) reduction of data
obtained to quantitative results, (3) extrapolation of
these results to values of operating conditions other than
those actually used in the particular tests.

At present, statistical analysis is being used to deter-
mine the confidence limits for present procedures. These
limits indicate the reliability or accureacy of the
results, Statistical analysis is also being used to de-
termine optimum number of units per set, optimum. number

of units per group, optimum selection of test temperature
values,

"Life Expectancy Tests for Transrormers", Lockie, A.M. (Westing-
house Electric Corp. Sharon, Pa,) - Electrical Engineering,
AIEE - Jan 19% ~ ‘

A means of obtaining the necessar{ life-expectancy data
1sthrough some form of functional testing, which will
require the establishment of an accelerated-aging pro-
cedure and a test to determine when the nominal end point
of 1life has been reached. .It is suggested that the basic
life-expectancy test consist of daily loading at 300%

of rating for one hour, 150% of rating for 7 hours, and

no load for 17 hours. This loading is repeated for 5 days
and followed by an end-point test, including shortcircult:
tests at 15 times normal current for 2 seconds, standard
impulse tests, and dielectric and induced-potential tests
at 65% of the standard values for new apparatus. The
combination of loading and end-point tests constitutes

one aging cycle, and the nominal 1life expectancy of the
tested structure is expressed as the number of these cycles
endured before failure. Data for computing life expectancy
on other load cycles can be done by means of an aging-rate
curve which shows as a function of temperature, the rela-
tive speed with which the structure reaches the selected
end point of its life.

The procedures provide both a means of determining the
relative life expectancy of different structures and a
method of computing the effect of life expectancy on
various forms of loading.
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"Revised MIL Spec, for Transformers"”, Wiler, Edward - Electrical
Manufacturing - April 1956 - p 103

Reﬁuirements of MIL-T-27A revised to reflect changes in
service requirements and avallability of new materials.
No other significant information given in paper. '

"Evaluation of a Proposed Method for Accelerated Testing and
Predicting the Life of Electromagnetic Relays", American
Electronic Laboratories - Final Report

This was a study program centered on the evaluation of
step-stress method of testing relays. The only factor
treated in this manner was contact current,. Relays

were checked for (1) Coil Resistance, (2) Insulation
Resistance, (3) Contact Resistance, (4) Coil Current, and
(5) Operating and Bounce Time. The analyses made do not
lead to a firm conclusion; however, they indicate that
operating and bounce time was the mast significant of

the 5 parameters with respect to step stress tests wherein
contact ‘current was the variable., It was believed that

a favorable test could probably be devised. (Additional
data analysis may show more significance or correlation
of some parameters). ’ :

"An Analysis of the Effects of Severe Enviromments on Deposited
Carbon Resistors", Manolakos, Peter - 6th Amnnual Electronic
Component Conference Proceedings - May 1955.

Tests show that humidity effects on molded, ceramic, and
glass encasements are such that rassistance changes of
less than 0,5% can generally be expected., Dipped and
coated resistors, however, will change as much as 150%,
Resistors produced by a single manufacturer will vary :
from batch to batch. An initial change in resistance will
occur as a result of electrical loading followed by a
more gradual change during the remalnder of the test.
Under load the resistance deviation steadily lncreases,
There is an indication this trend will continue with time.
Deviation of resistance under load life conditions is
approximately proportional to temperature ambient,

"PFixed Film Resistor Evaluations", Allen, J.J.

"The Effect of Resistor Tolerance and Stability on Various
Circgit", Anon ~ U,S. Navy Material Laboratory Project Report
LP-58}2

"Wiresound Resistors", Mapplebeck, R.H. - Electronic Engineéring

June 1955
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"Some Physics. of Dry Circuit Switching", Montague, L.L.
(Farnsworth Electronics Co,) - Guided Missile Relay Working
Group of the Guidance and Control Panel, U.3, Navy Inter-

Bureau Technical Yommittee, Washington, D. C., - GMRWG report
#2 - September 1955. : '

The normal condition for a metal surface 1s to be covered
"with some type of film., An electrical contact is made
by breaking this film in one of two ways (1) by high
pressure contact, or (2) by fritting or film breakdown
under the stress of a strong electric field. Removal of
£ilms by other means such as heating is virtually
impossible, particularly as applied to relays. In order
for contacts to work reliably in the "dry" application,
contact materials and operating atmospheres should be
carefully selected so that the film formation is reduced
as much as possible. Proper gas clean-up appears to be
essential, but this may be difficult in practice. Hot
outgassing, guttering and selective atmospheres used in
conjunction with the noble metals show some promise of
functioning reliably in the dry circult application.
Materials used in relay construction should have low -
vapor pressures at higher temperatures to reduce the
possibility of organic pases arising within the sealed
enclosure, : '

"Problems Encountered and Procedures for Obtaining Short-Term
Life Ratings on Resistors", Sackett, W.R,Jr. (Battelle Memorial
Institute) - IRE transactions on Component Parts - April 1955

Conditioning must be prescribed in any short-term
life-test procedure, or even more, that the moisture con-
tent 1n the resistor must be prescribed., 4 conditioning
procedure of 100 hours at 105 ¥ 5C was specified in the
life-rating procedure given. The procedure also specified
that a part of the resistors be exposed to moisture under
very severe conditions and that life ratings be obtained
both on moist and on dry resistors. It was recommended
that any coatings present be stressed at the highest
likely short-term temperature rating before exposure to
moisture, Some of the problems that are encountered in
setting up short-term life-test procedures were described
Definitions of Life, Variability, Representative Sampling,
Combinations of Test Variables and conditioning are per-
tinent to tests on composition resistors as well as other
electronic components and even to their basic materials,



WNF"?ENHA{

"A Survey of Envirommental Requirements in Electronic Component.
Parts Specification”, Anon - Tehcnical report #56, Feb, 25, 195k,
Vitrgthrp. of America, Silver Spring Lab,, Contract DA36-034-- -
ORD-142 : ; ,

CORRELATION

"Proposed Research Engineering Tasks for Component and Component
Parts in Guided Missile Applications®, Kaufman, Joseph - Memo ™
to Guided Missile Relay Working Group, I BTC (Navy) from
Joseph Kaufman, DOFL (Army Ordnance) Chairman R and D, GMRWG
(Probably issued early in 1956) ‘
Fleld experience on components in guided missiles does
not correlate with the experience gained on life testing
of components purchased under "adequate" .MIL speca. The
MIL specs are primarily written to obtain components
for "long operating life" or "long intermittent life"
equipments as used in jet aircraft and do not meet the
"short operating life" and "long storage life" conditions
of guided missiles, It 1s the writer's bellef that most
eletronic component parts, when operated at their recommended
electrical parameters, are satisfactory but that they
fall to operate or survive when subjected at the same time
to a "rationalized™ GM environment where time to live is
. not realistically defined, To combat this the writer pro-
voses a study progrem to (1l)develop equipment (vibration
tables, recdrding devices, computers) to subject component
parts to "white" vibration frequemcies, recorded from
actual flights of similar birds, using computer techniques
Yo determine and apply the transfer function from location
of the recording head to actual location of the test com-
ponent in the final "bird" and correlate this with field
experience, getting as much of the study on an analytical
basis as possible, (2) determine the transmissibility
characteristics of various materials (3) determine the
- effects of sahpe and configuration (}}) determine the effects
of heat and shrinkage on component characteristics when
components are potted, (5) determine the effectiveness
of various cements and thelr application thickness in
holding components in place (6) determine how effective
catacombs are as heat. sinks when in contact with components,
(7) determine the effect of humidity on various encapsulating
materials (this has been done), (8) determine the various
economic factors involved, (9) correlate go-nogo tests
with life tests (10) determine long passive storage char-
acteristics of components (11) determine high temperature
properties of dielectrics (12) investigate possible heat
sink techniques for potted components %13) determine short
life cap. character, :
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"Proposed Relay Testing Techniques for Guided Missile Applica-
tions", Kaufman, Joseph - Guided Missile Relay Working Group
of the Guidance and Control Panel, U,S. Navy Inter-Bureau
Technical Committee, Wash., D,C,, GMRWG Report No. 1

September 1955 ;

At present there is no direct relation between existing
shock and vibration specifications and missile flight.
enviromment. Current methods of testing components
(particularly relays) depend on exposing the units to
discrete frequencies for predetermined periods of time.
Similar methods are used in recording flight data, It
is jroposed that the concept of acceleration per (cycle
bandwidth) % (§/1CPS =.€p ) and the definition of the
forcing function based on a spect f €& with frequency
i1s more valid. Acceleration per $ cycle bandwidth is also
referred to as acceleration spectral density,

Additional topics of discussion include how such a foreing
function permlts an evaluation of a relay based on time
to malfunction, end how it 1s "readily"™ used to evaluate

the function of the relay under simlated flight conditions.

More study is needed to correlate existing experience with
this new concept. A brief explanation is given of how
such an evaluation can be used by the design engineer to
achieve a reliable end product. The proposal does not
suggest the ellmination of the sweep frequency technique

for it is only by this technique that the fallure frequencies

can be isolated, In addition, it must be realized that
the acceleration spectral density spectrum concept of
testing requires vibrators that are non-reactive in the

test spectrum and reguisp a large excitation level capacity

(45g for a 10 to 200 spectrum and an excitation of
lg per Yoycle banawidtﬁ.) -

"Progress Report on Reliability of Eleotronic Equipment", Anon -
Prepared by the Ad Hoc Group on Reliability of Electronic
equipment - For the Committee on Electronics of the Ressarch
and Development Board,

"The Reliability of Airborne Radar", Boodman, David M, - Operations

Research for Management - Edited by J.F. McClosky and F.N,
Trefethen - 3rd printing, 1956.

This paper deals with the relationship between reliability
and complexity. In order to determine this relationship
it is necessary to understand the nature of failures in
- the system, and to establish a measure of camplexity.
The Operations Evaluation Group has utilized a threefold
category of failure types (1) initial fallures (2) wearout
failure (3) chance or random failure. The rate of incidence
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of chance faillures is determined by the severity of
envirommental conditions. Observed failure rates showed
higher failure rates for tubes than for components, Under
the same conditions, increased complexity of newer radars,
showed them to be less than acceptable for the required
durations. Preventative maintenance, replacement, ruggedilz-
ing and moderating equipment enviromment are neceasary

for improved reliability.

ENVIRONMENTAL

"Feasibility Study for Minimum Weight Radio Instrumentation
of a satellite”, Anon - Jet Propulsion Laboratory, Calif,
Inst. of Tech., Publication No. 48, Sept. a1, 1955 (SECRET)

One way to keep satellite on course is to use a high
spin rate (1000 to 1800 rpm)., This will cause centri-
vetal accelerations varying from zero at the center to
800g at an axial distance of 10 inches. Temperature
conditions in orbit will be -90°F to +180°F on the skin.
For radio link, report shows, little power is required,

- particularly at frequencies below 100 mc, and at these -
frequencies directional antennas will do little good,
particularly if position of satellite is not known. For
power, a chemical battery (one pound) is concluded to
be feasible, Report gives theoretical derivation of skin
temnerature for spherical vehicle and the following
references:

"A Feasibility Study of the High Velocity Stages of
a Minimum Orbiting Missile", Anon - J,P.,L., Calif,
Inst., of Tech,, Publication.No. 47.

"Galactic Radiation at Radio Frequencies, Part V
The Sea Interferometer®, Bolton, J.B, and Slee,_b.B.
Autralian Journal of Applied Physies, 6(L), 1953

"Physics of the Stratosphere®, Goody, R.M. - New York,
Cambridge University Press, 1954

"Thermal Evaluation of Air-Cooled Electronic Ejuipment”,
Bobinson, W., Zimmermen - Ohio State University, AF Tech. rept.

3

'6579 Sept. 1952 - Supplement #1 - Aug. 1953

"Epficient Heat Removal ... A Key to Reliability", Schrieber, O,P,
(Metal Textile Corp., Roselle, N,J.) - Electronic Equipment,
January 1956

Knitted-metal wire gives a tube sleeve efficient heat-
removing qualities and also protects tube against shock.
As applied in airborne equipment, direct contact is made
from tube clamp to case rather than chassis for maximum
heat conduction,




ENVIRONMENTAL

"A Feasibility Study ol gh Velocity Stages of a Minimum
Orbiting Missile", Anon, - Jet Propulsion Laboratory, Calif,
Inst, of Tech., Publication No, 47

"Estimating Temperature Rises in Electronic Equipment Cases!
Bibbero - Proc. IRE 39; 504-508, May 1951

"Environmental Design of Electronic Equipment (Corporal)",
Comuntzis, Marcus, G, - Jet Propulsion Lab., Calif. Inst, of
Tech,, Progress Report No. 20-24j9, Feb. 7, 1955 (CONFIDENTIAL)

‘The report suggests that the -ambient temperature reached
in Corporal is about 135°F in about 30 mimites. The main
shock and vibration effects were observed in the 100 to
200 ¢/s., The main redesign effort has therefore gone
into modifying heat sinks to take care of the temperature
problem. The result has been a design similar to Melpar's
beacon design., ‘

"Guide for the Preparation of Test Procedures for the Thermal
Evaluation of Insulation Systems for Electric Equipment",
Anon - Prepared by - Working Group of AIEE Coordinating
Committee #l to be considered for inclusion in AIEE Standard
No, 1 AIEE Conference Paper - Feb. 1956 - CP-56-386,

"A Survey of Envirommental Requirements in Electronic Component
Specifications", Brown, D.E. and Rowland, R,U, - Vitro Corp.

of America, Silver Spring, Mi. Tech. Report No. 56

(Contract DA-36-034-ORD-1425) Feb, 25, 195k, -

A survey of 105 military specifications for electronic
component parts and several electronic equlpment specifi-
‘cations reveals serious inadequacies with respect to
rellability in guided missile systems aspplications, Speci-
fied envirommental tests for component parts are generally
few in number, non-uniform or poorly integrated, and the
specifications themselves suffer from non-uniform formeat.
The report recommends that (1) the maximum capabilities’
of existing component parts be determined by testing to
destruction under various enviromments, (2) a comparison
be made of the part capabilities and the missile system
requirements, (3) the Ordnance Corps work with the other
services to promulgate a mutually agreeable higher level
of environmental requirements for a group of component
varts intended for use in these more stringent applications,
) component parts be improved or developed as necessary
to meet the missile requirements and to fulfill the supporting
ground equipment operational needs, (5) the specifications
be revised concurrently with the development of component
parts to include the new envirommental requirements, (6)
the determining and listing of Qualified Products for each
specification be accomplished as soon as possible. These
Q.P.L's should be made more readily available to contractors.




ENVIRONMENTAL

"The Air-cooled Electronic Chassis", Mark, M. and Stephenson, M, -
ASME paper 554-55; ASME Anmual Meeting, Nov., 13-18, 1955

"Heat Transfer in Miniaturized Electronic Equipment™, Anon - _
gAVshig?ss‘;OO,lB% Bureau of Ships, Navy Dept., Washington 25, b.c,
eb, 1955, . '

"Guide Manual of Cooling Methods for Electronic Equipment",
Anon -~ NAVships 900,190; Bureau of Ships, Navy Dept., -
Washington 25, D.C. - March 1955

"Questionnaire on Telemetering Envirormental Requi?ements“;
E,P., Halpin, E.E.C, Member, Bendix Products Division - Missile
Summary of E.E.C, 56-26

GENERAL

"Application of Continuous Spectra Forcing Function to Vibration
Analysis", Wimpey, J.T, (McDomnnell Aircraft)- GMRWG Report No,5 -
U.S, Navy Inter-Bureau Technical Jommittee, Washington, D.C,
December 1955 _

A method is presented of applying the continuous spectrum
concept to vibration analysis of electronic components,
In evaluating and defining this method the following work
has been done (1) tentatively defined the nature of the
missile vibration enviromment, e.g. random amplitude
varlations and white in frequency, (2) designed a suitable
voltage generator to simulate this assumed enviromment,
(3) converted a conventional vibration exciter to provide
a uniform acceleration response, (lj) provided networks

 to shape the forcing function in amplitude and/or frequency
to match a known enviromment (5) designed a direct reading
probability distribution meter to measure directly the
statistical amplitude dlstribution of the foreing function,
(6) designed an acceleration detector for calibrating
the acceleration at discrete frequemncies throughout the
bandwidth of the forcing function, (7) established a method
of evaluating the magnitude of the forcing function in
terms of rms acceleration.

"On the Reliability of Networks®, Welss, George H,; Kleinerman,
Meinhard, M., - Proceedings of National Electronics Conference
Vol. 10, 1954

"Cooling Methods for Electronic Equipment in General®, Robinson
W,, Beitler, S,R, - USAF Contract W33-038-AC-14987 Report #20,
dated July 1948.
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"Components Reliabilit% Program - Final Report", Anon - Bell
Telephone Labs,, Navy Dept., BuShips Contract NOBSR-52,,80 Index
NE-111406, dated 15 July 1953 - s

"Reliability in the General Military Specifications for Guided
Missiles", Lusser, Robert - Publication of the Redstone Arsenal -

4 November 1952

"RCA Reliability Program and Long Range Objectives", Ryerson,
C.M, - RCA Engineering Products Division - March 15, 1955

In this report highlights of the recent developments as
seen by RCA in the field of Reliabllity were discussed,

"Some Reliability Aspects of Systems Design", Moskowltz, Fred
and McLean, John '~ RADC Technical Note 55-4

"Reliability is Your Responsibility", Jurgen, Ronald K, -
Electronic Equipment, January 1956

Present unacceptable level of electronlc equipment 1s. due
to lack of maturity of product design and failure to
evaluate the inherent reliability of design through.
realistic engineering tests and service and material
evaluation, before ma jor production is undertaken.

"Aspects of Electronic Equipment Reliability , Harris, Victor -
Proceedings of the National Electromics Conference - 1952, Vol.B

The objective for improving operational reliability in
shipboard electronic equipment should be to'achleve low
maintenance, fallure-free equipment, To attempt to ob-
tain reliabllity by incremental improvements is to work

in the region of diminishing returns, Mechanical weak-
nesses in Navy electronic equipment, it is found are one
of the most persistent and serious sources of unreliability.
It 1s concluded that the traditionsl engineering task of
adapting established materials, parts and techniques to
new applications will provide the solution to a large part
of the reliability problem., '

"Component Part Reliability", Messner, Ro¥ (Glexin L, Hartih Co.)
AIA/EEC Reliability Panel Meeting; Att (2); EEC 56-23 Dallas,
Texas, 26-27 Jan.1956 :

-Improved reliability in complex electronic equipments will .
result only with improvements in (I) Component Part Speci-
fications to provide for improved reliability levels and
(II) Methods of Estimating and Measuring Reliability.

Under item I, the inltial quality level for components

must be tightened, design improvements must be made in
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equipments, processes and materials controls exercised
by the parts manufacturer must be improved, fallure
rate data under typical end use conditions must be
acquired, longterm quality requirements specifications
must be improved, sampling plans which give considera-
tion to both the producer and consumer risks must be
adopted and variables sampling must be substituted for
attribute sampling, Under item II, effort should be
made to establish accelerated lire testing in cases
where the correlation between these accelerated tests
and actual life under end use can be established, and
increased effort should be placed on establishing
failure rate data for the more commonly used component
parts.

" "Emphasize the Negative®, Noble, Daniel, E, (Motorola Inc.,
Chicago, Ill,) - Proceedings - 195 Electronic Components
Symposium, Wash, D.C, :

The reliability of a plece of equipment is complex and
too much emphasis upon single-unit operational relia-
bllity in a particular case may aotually reduce sub-
stantially the reliability overall "use factor". To
- determine rellability, human judgement, gulded by a
camplete understanding of both the equipment systems
operational requirements and the customer operational
involvement. re 1s too great a gap between the de-
sign engineer and the man who must use the equipment.
In order to minimize this gap, faults and failures de-
veloped in equipment after released by the manufacturer
to fleld use, must be vreported back to the manufacturer's
designers. Routines must be established to permit modi-
fications and corrections to be routed directly into the
manufacturers' lines so that additional scheduled units
will carry the improvements. Sectionalizing or sectional
inmprovement is desirable to permit retrofitting for -
modernization and improvement without resorting to com-
plete model-change approach.

"Sound Engineering - I'he Foundation of Equipment Beliability",
Bridges, M, Director of Electronics, Office of the Assis-
tent Secretary-of Defense (Applications Engineering) - an.
‘address - Aberdeen Proving Ground - 5 Oct, 1955

The greatest cause of the present unacceptable level of
rellability in military electronic material is the lsck
of maturity of product design and failure to evaluate
the inherent relliability of design, through realistic
engineering tests and service and material evaluation,
before ma jor production is undertaken.
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“Control and Power Supply Probiems of Instrumented Satellites”,
Stublinger, Ernst - Redstone Arsenal, Huntasville, Ala,. -
IRE Transactions on Instrumentation - June 1956

Schemes for an attitude control system and for electric
power supplies for unmanned satellites are presented.
The attitude of the satellite with respect to the earth's
center is controlled within 10 degrees by utilizing the
shadowing effect of the earth on the isotropic cosmic
radiation, Three sources for electric power described
are: (1) converting the sun's radiating energy with a
sillicon junction photoelectric gemnerator, (2§ydirect1ng
the sun's radiation toward a pile of thermocouples made
of ZnSb and constantan, (3) using a radioactive isotope,
strontium 90 and yttrium 90 as heating element for a
pile of thermocouples.

"Proceedings of Symposium on Envirommental Criteria in Guided
Missiles", Fleck, Frank,A., Editor - Technical Memorandum '
No, 110,.ﬁhite Sends Proving Ground, Las Cruces, New Mexico,
20 December 1953 (SECRET)

"Proceedings of Symposium on Griided Missile Relilability",
Plerce, J.J, and Moss L.Q., Editors - Report No, 233 Part I,
Naval Ordnance Laboratory - Corona, Cal., October 26,27,28,
1954 (SECRET)

"Procesdings of Symposium on Guided Missile Reliability",
Plerce, J.J. and Moss, L.Q., Bditors - Report No. 233 Part II,
Naval Ordnance Laboratory - Corona, Cgql. , October 26, 27, 28,
195h (SECRET) '

HUMAN ENGINEERING OPERATIONS RESEARCH

“Human Engineering Guide for Equipment Designers”, Woodson,
Wesley E, - Univ, of California Press 1954

This guide is intended to aid the designer 1n making
optimum decisions wherever human factors are involved
in man-operated equipment, by providing a central source
for information about the human operator, by pointing

up the relative importance of variables which make a
difference, and by indicating solutions for typical
design problemss




HUMAN ENGINEERING OPERATIONS RESEARCH

"Handbook of Human Engineering Data for Design Engineers™, Anon
Institute of Applied Experimental Psychology, Tufts College,
Technical Repart SDC 199-1-1, NAV Exos P-6E§ (Distributed by
U.S. Dept. of Conmerce, Office of Technical Services, Washing-
ton 25, D.C,) 12/1/1949

"Operational Analysis of a Field Support Program for a Com-
plex Weapon System”, Dresner, J., Shapero, A, - Presented at
American Rocket Society Fall Meeting, Sept. 18-21, 1955,
Los Angeles, California,

It is the intent of this paper to introduce the subject
of the field support of a complex weapon system and
to formulate a conceptual model which can be used in

- developing and maintaining such a field support system,
The paper contains, (1) a statement of the objectives
and boundary conditions of the fleld support system,
(2) the textual and graphical presentation of the field
support centered .conceptual model of a missile weapon
system, (3) a discussion of the development of a fleld
support system using the model.

MATERIALS

"Pronosed Guide for the Preparation of Test Procedures for
Evaluating the Thermal Stability of Insulating Materials",
Dexter, J.F. et al - AIEE Winter General Meeting CP-56-329

"Radiation Effects on Dielectric Materials", Naval Research
Lab,, -~ Papers submitted at NRL conference on the effects of
radiation on dielectric materials, December 195l, Office of
Technical Services, U,S. Dept, of Yommerce, Wash, 25 D,C,

$4 .25 Request #PR11863 ‘

"Effects of High Humidity on Dielectric Properties of Casting
Resins", Graves, H.K, and Pissino, M.A. - Electrical Manufac-
turing, April 1956, pp. 89 - 93,

Humidity tests conducted on 16 different casting resins
* show that except for two of the muterials the insulation
resistance drops from above 10~ megolms to as low as 0,02
megohms for soaking periods of as much as 140 days. At
the same time the dissipation factor at 60 cps increase
from less than 0,008 to more than 100 in some cases, For
most materials the capacity also increases with humidity,
in some cases more than 100 times. In general the data
indicate the epoxies are far more resistant to moisture
under the conditions of the test than are the polyesters.
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- U"Metal Whiskers - A Factor in Design", Arnold, S.M, (Bell
Telephone Labs,, Inc,, Murray Hill, N. J ) - Proceedings 195h
Electronic Components Symposium, Wash .C .

MATERIALS

Metal whiskers are tiny filaments which have been found
projecting from the surfaces of certain metals. They
‘are metallic in appearance and highly reflecting. They
are generally uo-go millionths of an inch in diameter,
Many have been found lcnger than 3/8". While possessing
high intrinsic strength, they are eas:l.ly moved by a
current of air, and may be dislodged by mechanical shock.
Since they are metallic they have low electrical resis-
- tance. When a projecting whisker makes contact between
two circuit elements it will reduce the resistance be-
tween them to 300 ohms or less. An applied voltage of
- 10 volts or more is sufficient to burm off the whiskers.
- X-ray patterns indicate that uwhiskers are metal crystals
rather than corrosion products. Whiskers have been found
to grow on several metals and alloys. Various conditions
of temperature, relative humidity pressure and various
coatings and plating have not shown any decisive role
of the control of whiskers.

Under such cirocumstances the possibility of whisker growth
must be considered when designing equipment which is.
electrically sensitive and whose premature operation or
fallure to operate could result in a serious situation.

"Magnet Wire Performance in Product Life Tests", Balko, R.L,
(Associate member AIEE) (G,E, Co., Fort Wayne, Ind.) - ATEE
Transaction paper - No. 56-152 ~

Measured performance of magnet wire in product life tests
provides design data for the proper use of magnet wire

in an insulation system. To direct the application of

a magnet wire, evaluation methoda must (lg establish
mechanical and themal limits. (2) determine compatibility
with varnish treatments, (3) compatibility in a complete
4insulation system. Mechanical and thermal limits of -
megnet wire alone can be established by the use of several
screening test methods, each measuring a particular
property. Most motor applications require windings to

be bonded firmly together and to the ground insulation,
Performance of magnet wire in an insulation system is
dependent  upon the ability of a varnish to have good -
adhersion, provide an element of flexibility and be
chemically compatible with the wire it is impregnating.,
Factors of normal fabrication, realism in test and econom-
ics in preparation, substantiate why the motor test is
considered the best known tool to measure performance

of magnet wire in insulation system of small motors. -
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"Evaluation of Insulating Materials in Simple Combination",
Mathes, K.N. (Member AIEE) - Paper presented at the AIEE Winter
General Meeting, New York, N,Y, Feb. 3, 1956

Two different approaches are often taken in the evaluation
of insulating materials, (1) Evaluation of individual
Insulating Materials (2) Evaluation of Gomglete Insulation
Systems for Specific Types of Equipment. 1t 1s believed
that evaluation of materials in simple combination can
provide evaluation which 1s significant to the use of"
insulating materials, '

"Thermal Evaluation of Enameled Magnet Wire", Dexter, J.F,
(Member AIEE)(Dow Corning Corp., Midland, Mich.) - AIEE
Transaction Paper - No, 56-153

The thermal life of an electrical insulating system made

up ‘of magnet wire coated with a modified-silicone enamel
and other silicone components has been evaluated by

three different test methods; (1) Test Procedure for

trial use for evaluation of ‘the thermal stability of
enameled magnet wire, (2) Test Code for evaluation of
systems lof insulating materials for random-wound electric
machinery, Part I, Motorettes, (3) Test Code for evaluation
of systems of insulating materials for random-wound
electric machinery, Part II, Motor tests,

The thermal life values obtained on the insulation system
by three test methods show excellent correlation. Data
presented show that the modified-silicone enameled wire
together with silicone components provide an insulation
system i1n random-wound electric machines qualifying for
operation at class H temperatures. '

"Guiding Principles in the thermal Evaluation of Electrical
.Insulation", Berberick, L.,J. (Fellow AIEE); Dakin, T.W. (Assoc.
member AIEE’ Westinghouse Electric Corp., East Pittsburgh,Pa.
AIEE Transaction Paper - No, 56-248, 1955

The rating of electrical insulating materials for use at
various temperatures for an adequate service 1life
tequires a knowledge of the manner in which the ilnsula-
tion deteriorates in service, and the rate of this de-
terioration, This paper summarizes the various mechanisms
of insulation deterioration. Accelerated aging proce-
dures should be deslgned to simulate as closely as possible
the envirommental conditions in the apperatus., The
criterion of failure should be based upon the function
which the material or system of materials has to perform.
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Accelerated aging tests should be carried out at a
minimum of three temperatures to establish that the
1ife values so obtained can be extrapolated to normal
hot spot temperatures. Accuracy in this data should -
be determined by statistical methods.

"he Effect of Reactor Irradiation on Electrical Insulation”,
Pigg, J.C.; Bopp, C.D. ; Sisman, 0,; Robinson, C.C, -
Communications and Electronics, Jan. 1956 - No. 22,

The presence of a radlation field subjects the insulations
of a circuit to envirommental conditions which both
accelerate the normal processes of deterioration and -
introduce new characteristics to the insulation behavior.
The resistance of an insulation under irradiation drops

to some value which is a function of the flux level and
maintains this level as irradiation proceeds, Eventually
the insulation resistance drops again. This final drop
can be designated the breakdown of the insulation, The
change in insulation resistance in the presence of a field
causes lonization which provides charges. These charge
carriers give to the insulation properties similar to

a semiconductor and result in the nonohmic resistance

as well as photovoltages. These photovolteges change

in sign and magnitude depending on the sign of the carrier.
Voltages as high as 200 v have been observed.

"The Effects of High-Energy Gamma Radiation on Dielectric Solids",
Klein, Philip H,; Clifford - Communications and Electronics _
Jan.1956 - No, 22

This paper discusses (1) the nature of niuclear radiationms,
(2) the locations and approximate intensities with which
they exist in the vicinity of nuclear reactors (3) the
reaction processes of these radiations with matter, (4)
experimental techniques, (5) results of tests made at

the Knolls Atomic Power Lab.,

"Heat-Resistant Insulation Systems for Motors", Herman, C. J,;
Mathes, K.N, - Communication and Electronics - November 1955
No. 21

Allsanex wire has been shown by four different types of
temperature-aging tests to process approximately a LOC
superiority in thermal stability as compared to Formex
wire when used in combination with several types of varnish
systems, Evidence is presented to emphasize that the
temperature capability of insulating materials may be
determined by test rather than by definition alone. The
various types of tests used emphasize different charac-
teristics of insulation systems and give a greater under-
standing of the changes that occur during again than
would a single type of test. '




MATERIALS

"Materials in Advanced Electronics Design", Middleton, A.E,
(P.R, Mallory and Co. Ine., Indianapolis, Ind ) - Electrical
Manufacturing - May 1956 . '

The interrelation of materials, components, circuit _
techniques and ultimate product design is analyzed and
graphically shown in this discussion.

"Copper-Clad Fluorcarbon Printed Wirin g Boards" Allen, Louis B,,
Stein, Sydney, J. (International Resigstance Co., Phila., Pa,)
Electrical Manufacturing - May 1956

Special surface treatment provides effectively bonded copper
and polychlorotrifluordethylene for printed circuit use, -
Same bonding technique can be used in component fabrication,
such as hermetic seals, Inherent characteristics of the
virgin fluorocarbon polymer are retained since no rein-
forcing material, nor adhesive, is needed. :

THEORY

"Reliability of Guided Missiles", Lusser, Robert (Redstone -
Arsenal) - American Society for Quality Control, thional
Convention Transactions, 1955, pp. 691-70L

This is a representation of an earlier paper by Lusser

in which he contends that reliability in a guided missile
is a great deal more stringent and serious than it is in
aircraft, because a single fallure of any component will
cause loss of the missile, while in an aircraft the pilot
will parallel for the lost component, or get along with-
out the function until the failure can be repaired.

He then develops the basic reliability mathematics and
the exponential fallure law and finally ties in his
"test-to-failure" concept.

”Principles and Concepts of Reliability for Electronic Equipment
and Systems"., Luebbert, Capt. W.F, (USA) - Stanford Electronics
Research Laboratory Technical Reports Nos. 90 and 91, 1956,

"Handbook of Preferred Circuits", Anon - U,38, National Bureau
of Standards

"Reliability PFactors for Ground Electronic Equipment”, Hemney,
Keith, Editor - McGraw Hill Book Co., New York 1956. -

"Symposium on Electronics Maintenance", Anon - U,S, Dept. of
Defense, 1955

"A Statistical Reliability Theory", Drenick, R.F, (RCA, Camden, N,J.)
Report EM-4221 - April 5, 1956 .
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"Numerical Reliability", Ryerson, C.M., (Reliability Adminis-
trator, RCA, Camden, N,J,) - Proceedings - Second National
Symposium on Quality Control and Reliability in Electronics -
Washington,D,C. - Jan, 9-10, 1956 |

This paper reviews methods for numerical assessment and
proposes that they be discussed, modified and established
as national standards. The goals of numerical assessment
are: (1) to establish a system for defining and comparing
the reliebility of equipments at various stages of their
design and use (2) to explain the relative importance

of various design objectives (3) to provide a numerical
evaluation of failure or success in field operations,
and (4) to provide a procedure for compiling and coding
related reliability information so that it can be handled
in large quantities by automatic accounting machines.

QUALITY CONTROL AND STATISTICS

"A Survey of the Current Status of the Electronic Reliability
Problem", Carhart, R.R., - U,S. Air Force, Project Rand, Rand
Corp., Research Memorandum #RM-1131, dated 1l August 1953

"Facts from Figures", Moroney, J. J. - Penguin Books Ltd.,
Harmondsworth, Middlesex, England, :

‘"The Definition of Terms of Interest in the Study of Reliability",
Knight, C,R.; Jervis, E.R,; Herd, G.R, (Aeronautical Radio, Inc.,
Washington, D.C.) - IRE Transactions on Reliability and Quality
Control - April 1955, '

Reliability is studied in tems of discrete Variables

and continuous variables and their combined effects, with
consideration of the interdependence of components. The
corcept of dependence is developed to facilitate measure-
ment of the effectiveness with which components are in-
corporated into a system, Weighting functions are pro-
posed to give mathematical expression to user opinion
versus equipment performance characteristics. '

"Electronic Data Processing", Stephenson, J.D, (Hughes Aircraft
Co., Culver City, California) - American Society for Quality
Control - National Convention Transactions, 1955, pp 141

"A Quality Control System for Job Shop Electronic Equip, Manu-
faccure", Berkenhamp, Fred J, (General Electric Co., Schenectady)
American foclety for Quality Control - National Convention
Transactions, 1955, pp. 641. .




QUALITY CONTROL AND STATISTICS :

"Apﬁﬁ.cations of Statistical Methods in Evaluating Performanc
of ctronic Equipment®, Madison, Ralph L, (ARINC, Washington)
American Society for Quality Control - National Convention
Transactions - 1955 - pp 209 :

"Selective Assembly", Murphy, R.B. (Bell Telephone Lbs., New
York) - American Soclety for Quality Control - National Con-
vention Transactions - 1955 - pp 409

"Redesigning for Production”, Romig, Harry, G. (International
Telemeter Corp., Los Angeles) - American Society for Quality
Control, - National Convention Transactions - 1955 - pp 521

"A Statistical Method for Predicting Insulation Life From
Experimental Data®, Horton, W.H., (Non-Member AIEE)(Westinghouse
Electric Corp., East Pittsburgh, Pa.) - AIEE Transactions Paper
NOQ 56-177 A
The technique of evaluating the suitability of an insu-
lation system is known as "regression" analysis. This
method is concerned with the study of the relationship
between two or more variables, such as insulation 1life
and operating condition., The regression analysis for
these examples would be a study of y, insulation life,
as a function of x, operating condition, ¥ ~-a .+ bx, The
life of an insulation system would be approximated by
1 =4Ae B/T
reaction rate A,B are constants.
: T 1s abs,temp,

insulation life

log ¥y = log A + B/T 1s now in the convenient form of

Y =a + bx 1ogy=Y,logA=a,B=b,%r=x

Insulation life, after a logarithmic transformation, and
operating temperature was found to follow the linear
form. In order to use this technique three assumptions
" must be fulfilled: (1) the designation of the dependent
and independent variable usually is from a suspected cause
and effect relationship, with the independent variable
as the cause, and the dependent variable as the effect,
(2) the variation in, or variation of, the dependent
varlable must be homogeneous for different values of the
indepéndent variable, (3) if confidence limits are used,
the variance of the dependent variable must be homogeneous
and the dependent variable must be assumed to be distributed
normally or approximtely so.
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QUALITY CONTROL AND STATISTICS

"Connector Contact Improvement Through Quality Control", Cannon,
James;Maston, Frederick (Cannon Electric Co., L.A., Cal,) -
Proceedings - Second National Symposium On Quality Control and
Reliability in Electronics - Washington, D,C, - Jan, 9-10, 1956

To incregse the reliability of any component, i}t is
necessary to think in terms of statistical distributions
of important physical properties, From field reports of
failure and laboratory test results, we must first select
those properties which most frequently cause trouble,
It is then necessary to determine whether poor performance
is due to lack of process control to keep the product
within specified tolerance limits, or whether the design
itself is 1inadequate for an end-use application. In
either case, the use of the statistical approach to problem
solution offers a positive method of obtalning known -
levels of reliability. |
"Life Factors Affecting Acceptance Procedures®, Acheson, Marcus A,
(Consulting Staff Engineer - Sylvania Electric Products, Inc,)
Proceedings - Second National Symposium on g,uality Control and
Reliability in Electronics - Washington, D,C. - Jan, 9-10, 1956

Increasing electronics complexity requires extended develop-
ment of present statlstical acceptance procedures. Current
and required developmental procedures are distingulshed and
explored for further developmental guidance. S

"Statistical Technique for Reducing Experiment Time in
heliability Studies " Sobel, M, Bell System Technical
Journal 35 - Jan., 1956 ,

"Statistical Methods in Research and Production® - Davies, O.E.
Landon 195} A :

"Design and Analysis of Industrial Experiments™ - Davies, O.L.
et al Landon 195

"Monte Carlo Methods" A,S. Householder ed., - National Bureau
of Standards, Applied Math Series 12 - Washington, D.C, 1951

"Techniques of Statistical Analysis™, Eisenhart, C., Hastay,M.W,
and Wallis, A,W. New York 1947

"Sequential Analysis" Wald,A. New York 1947

"Statistical Theory with Engineering Applications" - Hald, A,
New York 1952 .

"An Introduction to Probability Theory and its Application"
Feller, W, - New York 1950,




CONFIDENTIAl

"An Introduction to Stochastic Processes™ - Bartlett, M.S.
Cambridge 1952.

"Proceedings of the Symposium on Monte.Carlo Methods”
Gainesville (1954) (In publication)

"Life Testing™ - Epstien, B, and Sobel, M. - J,Amer, Stat. Assn,
46,1953

"An Analysus of Sonc PFailure Data" - Davis, D,J, - J. Amer.
Stat. Assn, }45-1952

SYSTEM EVALUATION MEASUREMENT AND PREDICTION

"Reliability Theory and Vital Engineering Interpretations",
Wuerffel, H,L, (RCA, Camden, N,J.) - Reprint of a technical
paper presented May 3, 1956 - 1956 Electronic Components

Symposium, Dept. of Interior Auditorium - Washington, D.C, -

Two basic concepts concerning the numerical reliability
prediction for electronic equipments and systems are

(1) that equipments fail by performance degradation,

(2) that in addition to performance degradation fallures,
equipments become 1inoperative because of catastrophic -
fallures of the components

"A Systematic Plan for Predicting Equipment Reliability",

Connor, John A, - Reprint of a technical paper presented May 3, 1956
1956 Electronic Components Symposium, Dept. of Interior

Auditorium - Washington, D,C,

This paper outlines the objectives, methods and signifi-
cance of an englneering program for the prediction of
Reliability in complex electronic systems, through the
consideration of significant component and component
application factors.

"Designing for Reliability", Taylor, N,H, - Lincoln Laboratory -
MIT Industrial Liaison Office - Technical Report No. 102,
June 13, 1956

There are three main phases in a design project: (1) to
consider each individual ccmponent to be used in the
system and to critically analyze its capabilities and
limitation, (2) to determine the applications of these
components that tend to take advantage of the best
capabilities of these components and avoid their worst
limitations, (3) the actual electronic circuit design,
based on the component analyses and applications notes
derived earlier and predicted on the achievement of

high reliability. This method provides reasonable
component tolerences and adequate safety margins, and in-
corporates marginal checking throughout the design process.
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SYSTEM EVALUATION MEASUREMENT AND

"Reliability Concepts and Methods for the Improvement and
Evaluation of Guided Missile Systems", Duffett, James R, -
Paper delivered at the American Rocket Society - 23 Sept, 195l
El Paso, Texas : : '

PREDICTION

"Manual of Temperature Measuring Tec];%niques , Units, and
Terminologghfor Electronic Equipment", Anon - Dept., of Navy -
Bureau of “hips - Navships 900,187, 15 April 19

Certain electronic and electronic heat transfer terminology
is defined in this manual in order to provide a mutual

basis of understanding and to avoid confusion, Temperature
measuring techniques are presented to assist in the testing
and design of reliable miniaturized electronic equipment.
Also a hybrid system of heat transfer units is recommended.

YDesigning Reliability into Electronic Circuits", Benner, A.H.,
Meredith, B. - RCA General Engineering Development Section 591 -

EM,208, Oct. 27, 1954

This analysis ylelds the survival probabllity of an '
equipment or it may be formulated to give the individual
component specifications, A linear variations analysis
is applied to a mathematical representation of the trans-
fer function of a circuit or system. The overall system
specifications are then used to determine a threshold of
failure on the error analysis, It is assumed that the
item-to-item scatter of the value of components, tube
characteristics, ete.,, 1s Gaussian, and the means and

variances are determined as a function of time and enviromment,

"Statistical Amalysis of Equipment Reliability", Meltzer, Sanford A,
(RCA) - RCA Engineering Products Division - EMjISL - June 29, 1955

The object of this report was (a) to describe the exact
and the approximate methods for computing the survival
probabilities of a circult from statistical descriptions
of the behavior of camponents (b) to compare these methods
as to accuracy and complexity with the approximate method

described in EM 4208 (c) to discuss certain special problems,

such as correlation among performance parameters, Two

methods for the determination of the reliability of an
electronic equipment were formulated., The exact, or :
"change of variable" method, and an approximation procedure.
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"The Stress-Step Method of Obtaining Short-Term Life Ratings
on Electronic Gomponents", Jerencsik, A,P,; Sackett, W.R, Jr, -
(Battelle Memorial Institute) - Proceedings of the National
Electronics Conference - 1952 Vol, 8 :

Some military applications of electronic components require
operation at high ambient temperatures and loads, If '
this is done, the penalty of a shorter life must be paid.
Before such apvlications can be made on a sound basis,
short-tem life ratings as a function of temperature, .
load and altitude must be obtained. Several methods of
obtaining such methods are described. A step test to
obtain the temperature or load at which the determination
of the component just becomes important in a given life-
time l1ls recommended. Variability from component to
component appears relatively low with this approach,
Initial evaluations of the method on composition and
carbon-film resistors show that valid data are obtained

by this method. ‘ :

"Electronic Failure Prediction", Muncy, J.H., (National Bureau
of Standards, Wash, D.C,) - Proceedings of the National

Electronics Conferende - 1952 Vol, 8

Electronic failure prediction is defined as detection

of incipient failures and its use is outlined in the re-
liabllity program, The application of this technique to
a recelver is discussed and the method and results of

a laboratory evaluation program are presented. The
conclusion 1s drawn that failure prediction can contri-
bute to dependability when extremely reliable performance
is required, '

“A Statistical Method of Specification, Testing and Evaluation
of Missile Systems" Althans, E,J. and Morrison, S.C, and
Tate, W,R, - Guided Missile Research and Development Divisicn
Hughes Aircraft Co, Tech., Memo 368 (Contracts AF33(038)2863)4
and AF33(600)24231 (AD-51252)

"Techniques for Reliabllity Measurement and Prediction Based
on Field Failure Data", Anon - Summary Report - Electronic
Equipment Reliability Program - Vitro Labs., Silver Springs,Md.
Technical Report #80, 10 Oct. 1955 '

This is a report of work done so far on techniques for
measuring and evaluating electronic equipment relliability
on the basls of statistical quantities of failure date,
and for predicting it on the basis of design guide lines,
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"Evaluation of Complex Systems in Guided Missiles", Davis, R.G.
and Fullenwider - National Bureau of Standards Report No. 1237

(AD-512}1) -

"Evaluation of Reli&bilitzﬂén Guided Missile Systems", Sams, G.R.
: rican Soclety for Quality Control,

(US NOL, Corona, Cal,) -
National Convention Transactions, 1955, pp 643 - 652,

Sams points out that to get a ‘true feeling for the relia-

bility of a future missile, both objectivity and subject
matter competence are needed. The design~developer has

the subject matter competence but it is questionable that

he can be completely objective about his creation. The
independent evaluator may be completely objective but
less completely canpetent, technically, This suggests
a coordinated program of test and evaluation conducted
by an independent evaluastor with assistance from the
designer, The test and evaluation program should be in-
itiated at the design and development phase and carried
on through the production and operational phases.- All’
test methodology and terminology should be standardized

for all phases of the program so that the data obtained
for the various phases can be correlated.

"The Systems Approach to Reliability", Carhart, Richard R,
(Lockheed Aircraft Corp. Missile Systems Division, Van MNuys,
Cal,) - Proceedings Second National Symposium on Quality

Control and Reliability on Electronics - Wash, D.C, - Jan. 9-10,

‘he system approach to reliability is discussed. The role

of sub-system reliability testing as a bridge between
early component work and final system evaluation is
considered. The technical need for system testing is
established by examining the basic concepts of system
and component reliabllity and noting the importance of
component inte-actions., Finally, the advantages and
economies of subsystems testing are noted.

"What Guided Missiles do to Components"”, Stine, H.,A. (Capehart-
Farnsworth Co., Fort Wayne, Ind,) - Proceedings 195l Electronic

Components Symposium, Wash, D,C,

The initial shock of a fired missile often reaches 50 -
60 g's or more. During flight the estimated vibration-

1956 .

is estimated-at 8 - 10 g's with frequencies up to 500 cycles.

Recent work done indicates vibration frequencies up to
2000 cycles. In addition to vibratory forces there is
the problem of limited available &pace. This creates a

demand for miniaturization. Miniaturization of components

accentuates the problem of dissipating heat generated. -
Transistors offer a promising approach to this problem
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However, due to transistor limitations, tubes will con-

- tlnue to be used. Faults in tubes are of such nature
that. the tube manufacturer can eliminate them and strive

- for better tubes, Another major source of trouble, '

" besides tubes, in missiles, are large numbers of relays.
By nature, relays are susceptible to vibration, shock,
contamination., Relay design -must compromise between
the operating force resulting from magnetic flux and
the mechanical restoring force. It is quite difficult
to design metal chassis with natural resonant points
outside the danger spectrum. A newer method of approach
to this problem is the use of "printed circuits"

"printed wiring", Printed wiring or printed circuitry
can be roughly classifled as the silk-screen process and
the photo-etching method. The major shortcoming of
elther process is that component parts designed for this
technique are not availasble in the missile field. Com-
ponent parts sultable for commercial use will not pass
specifications in the missile fleld,

"Prediction of.Missile Féliabilitj" Kirby, M, J-: Powell, H,R, -
Sperry Engineering Review - July, August 1955,

The method is described for predicting reliability by
testing missile components by increasing the environment
until failure occurs and expressing their strengths by
curves of probabllity of falilure occurs and expressing
their strengths by curves of probability of fallure vs,
intensity. These are compared with curves of probability
of occurrence of environment vs., intensity. Thls proce-
dure differs from the oresent method in that it does not
take time into account as a basic part of all failures,.
The tests to failure in the present method are run at
constant intensity and increasing duration in order to
preserve the order in which the failures ococur in normal use,

"Prediction of Electronic Equipment beliability", Harris, V.,
Tall, M,M, - Electrical g'ng:lneer:!.ng - November 1955.

Analysis confirms that reliability depends strongly upon
the severity of the components application. The analysis
was cancerned primaerily with shipboard equipment. Addi-
tional design factors may require consideration under more
or less severe requirements. ' The component fallure rates
may be different under other envirommental conditions,

"Components Evaluation for Airborne Systems Performance Klein-
hofer, B.A, (North American Aviation, Inc., Downey, Cal.) -

Proceedings Second National Symposium on Quality Control and
Reliability in ®lectronics - Wash, D.C, - Jan, 9-10, 1956

Components evaluation for the selection, application and
standardization of components used in airborne electronic
systems is discussed with illustrations of current com-

ponent problems,
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"The Effect Upon Calculated' Reliability of Errors in Fleld
Malfunction Data®, Smith, Mark H, (Sperry Gyroscope Co.,
Great Neck, L.I., New York) - Proceedings Second National
Symposium:on Quality Control and Reliability in Electronics .
Washington, D,C, - Jan 9-10, 1956 .

Analysis and ‘sxamples showing that large errors in data
' may cause only very small errors in reliability. For
a high reliabllity percentage, even substantial data
errors produce much smaller errors in reliability, It
is improper to discount reliability calculations be-
cause of lnaccuracies in the baslec data, due to its
exponential characteristic, the reliability formula
dampens or smooths out the data error and the degree -
to which it does this increases rapidly with high values
of reliability, g ,
A given error in data (if less than 50%) will cause a less
than equal error in reliability for all reliabilitiles
higher than approximately 50%. _ '

"A Progress Report on Reliability Measurement and Prediction",
Harris, Victor; Tall, Max, M, (Vitro Labs,, Silveg Springs, Md.)
Procsedings Second National Symposium on Quality “ontrol -and
Reliability in Electronics - Washington, D.C, - Jan, 9-10, 1956

Vitro Laboratories, under contract with the Bureau of -
Ships, is working on the development of a method for
measuring electronic equipment reliability and the rough
guide lines by which reliability can be predicted as a
function of design factors which can be seen as early as
the "drawing board" stage of equipment development. An
inltial test of predicted guide lines was performed on
two equipment models. Although results of this test are
encouraging they are rather limited and statistical '
inferences should not be drawn. They show that the pre-
dictions are of the proper order of magnitude.

"Statistical Approach to R, and D, Problems”, Brickley, R.L.;
Horton, W.H. (Westinghouse Electric Corp., East Pittsburgh, Pa.)
Electrical Manufacturing - May 1956. . '

Inherent in the statistical approach through the techniques
of experimental design, is the ability to evaluate the
effects and interactions (joint effects) of several variables
with a minimum number of test combinations. The efficlency
of the statistical approach is generally realized in two
ways (1) as many as possible of the variables whose effects
are to be evaluated are included in the. same experiment

and (2) estimates of these effects can be obtained with

a reduced number of observations, :
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