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A FIRST APPROACH TO THEZ PRCBLEM OI
GUIDED MISSILE RELAYS SUBJECTED
TO RADIATION

Jay W. Grear, Jr.

ABSTRACT

At the request of the Guided Missile Relay Working Group (GMR WG)*
during the meeting of May 18-20, 1655, 2 preliminary investigation has been
made to determine what cffect, if any, radiation may have on guided missile
relays. The task can be stated as follows:

A. By means of a brief literature search -
1. Determinc the types and quantities of radiation that guided missile
relays might encounter in actuzl use in radiative fields known to exist.
2. Record some of the cffects that radiation might have on“guided missile
relayg:r -

B. Make recommendations conccrning -
1. The type of laboratery test that would be suitable for testing the effects
of radiation on guided missile relays.
2. The best generzl classes of materials, from the standpoint of resist-
ance to radiation damage, that could be used in new guided missile

relay designs. UN (J ASU ﬁiﬁ“
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£ FIRST AFFROACH TO THE rROBLEM OF
GUIDED MISSILE RELAYS SUBJECTED
TO RADIATION

T,.SK

At the request of GMRY'G during the meeting of May 18 - 20, 1955,
a prelizainary invcstigation has been made to dzterraine what effect, if
any, radiation maay have on guided missile relays. The task can be stated

as follows:
A. By means of a brief literature search -

1. Determine the types and quantities ol radiation that zuided
missile relays might encounter in actual use in radiative
fields known to esxist,

2. Record sonie of the effects that radiation might have on
guided missile relays.

B. I.ake recoramendations concerning -

1. The type of iaboratory test that would be suitable for
testing the cifects of radiation oa guided missile relays.

2. The best jeneral classes of materials, from the standpoint
of resistance to radiation damage, that could be used in new

guided missile relay designs,

REGULTS CF LITERATURE SEARCH

£ brief literature search (augmented by several verbal discussions)
revealed the following infor mation:

l. Types, Mamnitudes and PDuration of Radiation tnat Guided
Missile Relays i..ight Zncounter in Actual Use.

a. MNuclear Tnergy Fowercd Aircraft (NCFL£) -~ Complete
information was not available concerning radiative
fields surrounding nuclear powered aircraft. 3Several
reactors and air{rame configurations are still in the design
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staze, making it difficult, if not impossible, to
predict the type and intensity of fields that will be en~
countered by quided missile relays. The fields depend
in part on the types of reactors, the relative locations
and distances between the reactors and the guided
missiles, and the shielding between them. Considering
these variable factors and known data, it can be roughly
estimated that the field strength of radiation at a gauided
missile carried in a nuclear powered aircraft may be
between 107 and 1013 nvt and between 108 and 1012

gamma rays/cmz-sec. The unit "nvt" represents an
integrated flux having the unit of neutrons/cm2-sec.,
where n equals the total neutrons /em3; v equals the
average velocity (cm/sec) of all the neutrons including
thermal, epithermal, and fast; and t equals total time
in seconds, The time duration of the radiation is of
course a variable, However, the duration of many
tests performed on specific materials has been in the
range of 100 to 1000 hours.

Cosmic Radiation - The intensity of cosmic raliation is
relatively small compared to that expected near a NEPA:

Elevation Approximate Intensity
at sea level: 2 rar /mo, equivalent to 5 x 10 gamma

rays/cm?-sec -

at one mile: 4 mr/mo. eaquivalenttol x 10% gamta,2a
rays/cmz-sec

at 20 miles: 20 nir/mo. equivalent to 5 x 102 gamma
rays/cmz-scc

at 20 miles with: 160 mr/mo. equivalent to 4 x 103
scattering: gamma rays/cmZ-sec

Dctonation of Nuclear Weapons - Although it is known
that very high peak intensities cxist for short durations
of titae, the problem of the vulnerability of guided
missile relays to nuclear detonations has not been con-
sidered in this paper.
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2. Some of tae Effects tuat Radiation Might Eave on Relays -

In considering the possivle effects radiation mignt
have on guided imissile relays, it became apparent during
the literature search that =ssentially no useable data e:xists
concerning results of radiation tests performed on relays
of the type used in guided missiles. With this handicap, the
next best step was to determine the effects of radiation on
individual materials (of which there are some data) and
extending these facts to a completed relay. However, this
extrapelation can be very misleading inasmuch as two or
more materials may behave under radiation perfectly well
individually, but in combination may be incompatible, Tais
effect may be due to several reasons, one being the cffect
of secondary emission of one material on another,

The literature now available on the effects of radiation
on materials can be very misleading, especially if the
details of the particular test are not stated. I or instance,
some tests on plastics have bteen conducted with the plastic
emearsed in water. Various physical properties of the
plastics have changed apparently due to the radiation alone.
However, in many cases the damage was due primarily ..
water absorption wiich is greatly increased in certain
plastics by the presence of a radiative field. Again, damage
may be due primarily to heat generated by gamma rays,
rather than the gamma rays alone. Many test results fail to
include whether the total radiation was an intcgrated spectral
deneity spectrum of neutron energics, or made up entirely
of fast or slow neutrons.

With all the above precautions in mind, some data on
the effects of radiation on specific materials subjected to
laboratory tests were recorded:

a. Metals - In gencral, fast neutrons produce displacement
of the atoms {rom their original lattice sites. Gammas
arc not effective in producing damage because their
primary effect is to produce ionization which is a
transient e{fect in a good conductor. Specific properties
of many metals subjected to a total radiation dosage of
approximately 1 x 1617 nvt {(approximately 3 x 10}
thermal, epithermal and fast neutrons /em&-sec for 100
hours) can be briefly summarized as follows:
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(1) Dimensions - Relatively stabie,

(2) Hardness - Increases slightly, This is due primarily

to the atomns locating interstitially, upsetting the

normal slip planes.

the less the hardening.

(3) Tensile Strength - Radiation has about the same
effect as cold working the material.

{4) Stress Relaxation - Spring constants are affected
only slightly, in the order of several percent.

(5) Heat Tranafer - No impairment.

{5) Electrical Resistivity - Increases 1.5 to 2% in

copper.
(7) Microscopic Diffusion - Little effect.

Insulators - In general, damage is likely entirely a

result of ionization or excitation,

(1) Inorganic

(2) Glasc and Quartz - In a total dosage of approxi-
mately 1 x 1017 nvt, some glasses became dia-

(o)
{c)

(a)

colored and more brittle, with the electrical

resistivity decreasing. However, glass and
quartz arc among the be st practical insulstors
under intense radiation,

Forcelain - Approximatcly the same as ghss,

Mica - The only apparent damage in one tist
was a slight bending under radiation,

Ceroc V/ire Insulation - Exposure to 1 x pl7?
nvt caused flaking.

(2) Org;mic
{a)

Flastics - With few exccptions (notably Siran
and Vinylite), plastics {fail under pile radation
by becoming hard and brittle, thus losingtheir
insulating properties. The materials whch
have proven to be the morc stable after 2x 10}
nvt are Nylon, Folystyrene, Folyetheleng
Fhenol Formaldehyde (Bakelite), Folyestr
Flastic, and Furfural alcohol Folymer
(Duralon}); while Lucite, Teflon, Saran, Casein,
Flourothene, Vinylite, and all cellulose cym-
pounds are essentially unstable, As a ruk, nc
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pronounced change occurs in volume
resistivity, dielezctric strength, or arc resis-
tance until the mcchanical properites deterio-
rate completely, DBelow are listed 2 few
specific plastics with a brie{ statement as to
damage due to an integrated radiation of 1017
to 10 9 nvt:

1 Acrylic - Yellowed and swelled. The
- swelling may have been due to water absorp-
tion. The tensile strength and impact
strength decreased 50% after 1017 nvt.
Cellulose Lcctate - Crumbled badly at
5% 1017 pyt,
Cellulose-Acctate-Buterate - Tensile
strength and impact strength increased 50%
at 10° " nvt,
Kel-F - Cruimbled to powder at ! x 1017 nve,
This crumbling may be caused by fluorine
fumes exuded during the test, forming an
acid and attacking the Kel-T,
Teflon -~ Impact strength increases, then
decreases. Crumbled at 1 = 1017 nvt,
Crumbling effect may be the same as for
Kel-F,
Nylon - The tensile strengt: increased
slowly. Finally crumbles at 1019 nvt.
Absorbs oxygen during the radiation.
Phenolic, mineral-~filled {asbestos) - There
is little change up to 1019 nvt except for
darkening. The mineral filler imparts
radiation resistance since unfilled phenolic
is much less resistant,
Phenolic, organic-filled (Linen) - “Veakens
considerably at 3 x 10°° nvt,
Folyester-Flaskon Alkyd, mineral-filled ~
Strength increases 50% at 1019 nvt. This
material is poorer than mincral-{illed
phenolic,
10 GStyrene - Little ciiange occurs up to 1019
nvt except darkening., This is one of the most
stable plastics.
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11 Folyvinyl-Chloride - HCL evolves as a
liquld at about 7 x 1017 nwt
12 Folyethelene - Relatively stable. This

material is resistant to more than 1500 times
as much pile irradiation as cellulose base
plastics (Lucite, Flourothene, Teflon, or
Saran).

13 Formex Magnet Wire Insulation - 1017 nvt
produces little damage.

(b) Rubber - In general, test results indicate that
silicone rubbers are inferior to natural rubbers
or to synthetic organic rubbers in radiation
resistance. Natural rubbers show little damage
up to 1015 nut, put begin to change at 1015 nvt,
with serious damage beyond this., The hardness
increcases in Silastic and Neoprene,

(c) Explosives - In general, explosives can be
subjected to at least 10’;1' (approximately
2 x 101 gamma ra/s/cmz) -without noticeable
deleterious effccts, Frobably 108r will
damage themn. Usually gases are evolved
during irradiation.

§ v

Lead Styphnate - Comparatively stable to
gamma radiation.

2 Lead Cxide - Evolves relatively large -
" amounts of gas.

{¢d) Lubricants -

1 OQils -~ ln general, most oils are satisfactory
5 up te 108r (approximately 2 x 1017 gainir.a

: rays/cm?). At 1 x 1017 nvt gases evolve

= and the viscosity increases,

2 Graphite - At approximately 1017 nvt it

ks oxidizes, changes to amorphous carboa.

3 Molybdenum Disulfide - No information
5 available,
g 4 Glass - No damage to lubricating properties

of glass due to 1017 ave.
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(e} Gases -

1 Nitrogen - Insufficient data, At some

radiation level Nj4 may transmute to C,,

which is radioactive and will cause

ionization,

Hydrogen - Insufiicient data ~ At some

particular level should ionize.

3 Helium - Insufficient data - Should be fairly
stable.

feo

{£) Maiscellaneous Items -~

1 Alnico V Magnets - One test at 1 x 1017 nvt
produced little effect.

RECOMMENDATIONS

From the above data and stated warnings, no conclusive recommenda-
tions can be made at this time. owever, until a large quantity of veliable
data on materials effects and rcactor fields are obtained, the following
recommendations can tentatively be made:

A.

Laboratory Tests - Sample quantities of guided missile relays

that are expected to operate in a radiative field should be sub-
jected to a laboratory test in a radiative field of various types
(including thermal, epitihecrmal and fast neutrons, intensities,
and total dosages).

The tests siiould be controlled so that the threshold of
damage and malfunction for each parameter can be established.
Damage or raalfunction due to secondary or extraneous effects
should be controlled, if possible, and recorded. (uantitative
data such as operate current, release current, coil resistance,
contact resistances, dielectric strength, and insulation
resistances should be obtained periodically throughout the test,
Residual radioactivity should be recorded as a safety measure
subscquent to the test. Any decrease in mechanical strength
should be evaluated subsequent to the test by subjecting the
relays to si:ock and vibrational accelerations, and to hermetic
seal tests,
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At a later data these thresholds of damage or maliunction
can be correlated to specific intensities and dosages of radiation
encountered in actual use to assist in selecting the most suitable
relay existing at that time,

B. New Designs for Guided Missile Relays - In light of present
data, it is recommended that relays designed to be exposed to
high levels of radiation in actual use should incorporate inorganic
materials wherever possible, Fhysical size should be kept
small to decrease cross sectional areas and gamma ray heating.
As more information becomes available, such as any benefits
derived by the use (or avoidance) of additives or impurities in
certain materials, these new concepts should be incorporated
into design thinking.

J. V. GRE. R, JR. - 1463-2
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