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HUMIDITY AS A FACTOR IN FUZE DESIGN
AND EVALUATION

INTRODUCTION

Fuzes consist of many intricate, small parts which must
remain in new condition for a shelf steragze life of five to
twenty years, After vitidrawal from storage, the fuzes may
be transported for many miles on many occasions and may
remain in temporary storage for periods of months or e-en
years. During this dormant dbut long life, most fuzes cannot
be inspected, cleaned, lubricated or revorked. Even if the
fuze can de 1nspoctod and repaired during its storage period,
the avoidanee of detcrioration dy design is economically
prudent. The dosiin of the fuze must provide the qualitz
of materials, fabricaticn, workmanship and protection to
assure a perfcct fuze wvhen the crucial time of its operation
arrives, During the design ané development of a fuze the
enginears make many tests to determine the weak points under
variougs environmental conditions. One factcr which cannot
;e ignored is the effect of humidity or water vapor on the

UZ@e

Water vapor in ¢the atmosphere, commoniv veferred to us
humidity, 1s one of the moat mpor{ant factors of the nmatural
enviroament because of its ceaseless, though somewhat mild,
effect on equipment. The Cesign of military equipment must
cf necessity provide for adequate operation under all

conditions of humidity since military vperations can seldom
be plznned wvith any allovance for humid conditions. Equip-
ment which is designed and manufactured without a reasonabdle
dsgree of moisture resistance can hardly be expected to give
satisractory service under the oxtremes of dity found in
aature.

TERMiINCLOGY

Many eolorful but somevhat inaccurate terms are used to
dascribe atmcspheric conditicns. These terms serve their
gnrposes, but in recording engineering data, terminol gy must

8 carefully and correctly use’, The terms for which
conflicting definitions be found in technical references
are defined below as used the author in this srticie. It
1s believed that other tschnical tsrms are ajequately defined
in any dictiocnary or engineering handbook.




Belative Humidity of any mixture of air and water vapor
is the ratio cf the weight of water vapor in the mixture to
the weight of water vapor in saturated air at the same dry-
bulb temperaturs ard (barometric) pressure. Psychrometric
charts provide data on the relationship of Lry-Buldb, Wet-
Bulb, and Dew-Foint temperstures and Relative Humidlity.

Humidity Ratio 13 the mass of water vapor per uait mass
of dry air in a vapor-air mixture. Humidity ratio has been
called specifie humidity and thic term st i1s oceasionally
used,

Dry=Bulb Temperature is the temperature of the mixture
of air and wvater vapor at rast. It is measured with an
instrument vhich is neither affeated by the humidity nor
thermal radiation.

- _ . s, wm
-

int Zemperature is ths temperature at which
condensation of water vapor will occur if the mixture of
air and water wvapor is cooled at constant pressure., It is
the saturation temperature corresponding to the existing
humidity ratio and pressure.

Vei-Buld Temperatura is the reading indicated when a
thermometer bulb is covered with ibsorbent material, vet
wvith distilled wvater, and exposed to the atmosphers per-
nitting evaporation {o cool the water and hence the b.
In thermodynamics, the Wet-Buld Temperature is defined as
the temperature a{ wvhich either 1iquid or solid water, by
evaporat iato air, can bring the air to saturation
adiabatically at the game temperature.

Yagturated A1r is the mixture of air and water wvapor at
equiliorium vhea n¢ additional moisture can de added to the
rixture as vapore The Dry-Bulb{ Uot-Bulbaiand Dgw-Point

teuperatures are all the same at this ceondition. Frequently
this condition is defined as one in which the mixture can
coexist in equilidbrium with 1iquid water presenting a flat
surface to it. Saturated air does not contain fog, rain

or water droplets.

MOISTURE EFFECIS

The .effects of moisture oa asquiynent are 23 varied as
one can find in any category of eanvironmental effects.
Although nearly everyone has had sxperiences with the detri-
mental effects of high humidity, the author would like to
mention a fsv situations vhich are favoradle for the degrada-
tinglgf meterials to exemplify the droad scope of the
pro -V




Corrosion of metal surfaces is acceleraled by the
continual wetting and washing by condensation.

Damp surfaces tend to hold contaminanta which may
cause very high rates »f deterioration.

Electrical equipment, particularly insuletion and
contact surfaces, may be adversely affected if attention 1is
not given to the selection of proper materials for the
proposed service conditiocas,

The design of the metal parts can cause or inhidit
the accunulation of moisture within the enclosures.

Water is a Teasonably good lulriexnt and may
decreass the coefficleat of friction to the point of causing
failur; of gripping surfaces to perform their functions
properly.

Hygroseopic materials frequentily cause degradation
or faliare of a systas through swelling, shrinking, varping,
softening, and chaizes in electrical characteristics.

The potential Table 1
effects of partial
presgzure of the atmos-
phere due to water vapop

can de moie roadilg
apsreciated after devoling
a

pressure or steam tablese. : R b]
As readily seen in Table 1, 0.00136
2t 90°F 4in a saturated 0.00618
atmosphere, the watsr vapor 0.018%

yressure i3 gearly C.7 psie ‘ 0.0 ég

ew moments t0 the vapor T 0.00012
0.000

This pressure will cause 0.08,
wvater vapor to move inteo 0.1216L
apen ~r lsaky mechanisas or : ; 0.1
contalaers 1n which the vapor 9.2
pressure is lowsr. JSubse=- 0.3
quent lowering o0f the o,;o%
temperaturs of the leaky 0.69
mechanism or eontainer may 0.950
cause condensation. Although ) 1.275
condensation is generally 1.693
undesirable, relative 2.0
humidity above 60%, whieb - 2.890
is fur short of condensa- 3.719
tion, can usualily cause -—
corrosion of unprotected 1,696
ferrous parts.




Fun:zl may be present in prolific quantities, but generally
they will not grow or cause troutle if the relative humidity
is maintained below 50%. However, at a high relative
humidity (abtout 90%) and dry-bulb temperatures around 90°F,
fungl will grow profusely if aulrients are preseat. Under
these conditions, a device constructed with fungi inert
materiels i3 very desirable, and sealing with an enclcsure
will exclude the fungi and its excretions.

Ccrroston or oxidation of ferrous metals 1s accelerated
in kigh relative huaidity atmospheres. Experiments have
shown that oxidation is essentially arrested by maintaining
a relative humidity below koa. The 40% figure is not
necassarily the best or only suitable conditicn. Many other
items must he considered such as the temperaturs, pollution
in the atmosphers, and the material bei proteceod. In some
situations, a relative humidity up to 603 1s satisfactory.
Protective coatings and secrificial metals provide adequate
protection for some devices, but mord generally small
mechanisms must be construc{ed of non=corrosive materials
for service in high humidities,.

Rein 4s usually rather clean water and by itself
probably causes very little permanent damage to stationary
i1tems. Mary foreign materials which accumulate on a device
may need only water to form a hignhly aeidic or alkaline
compound which may attack the deviges At the other end of
the scale, some ~orrosion products tend to give protection
to the parent metal unt!) washed away by the rain. The
Telative humidity is increased by rain and the never-ending
deterioration by high bumidity is activated. The progor

ens

choice of materials and configuratioas fo. orunance 1
can reduce the effects of redn ¢ c neglizidle lavel.

i,ov relative humidity may be i desiradle climatic
environaent for certaic fuzes btut uther undesirable a‘mos-
Pheric conditions may accompany low hunidity. Some of the
desiradle effsCts are that r»te of corrosion of metals
i: lower, and the resigtance of clectrical insulation is
¥enerally higher in a lov humidity atmosphere. The absencs
of water vapor has very fev other sffects on fuzes. A pre-
dcminantly dry climate frequeantl™ has a dusty atzosphere.
Protection of a fuza against the adverse effects of dust may
be as ¢ "ficult as protestisn sgainst Ngh humidity. However,
the meth~4s of protectica against bolh moisture and dust are
svout th. same. Either the mechanisxz should de open to
prevent thc accumulation of dust and ¢c-*'anged water vapor, or
it shoald be sealed against the entry of dust and moisture.
One need on'y odbserve the excellent service froa his moisture
and dust-prcof wristvateh to realize the advantages of a
sealed enclosure,




DESIGN rFOR HYMIDITY ENVIRONMENT

Equipment for military operational employment throughout
the world under all conditions of weather must be designed
to withstand the humidity effeota because the user is physi-
cally unabie to provide protection exgert in very limited
ways. For example: if a fuze must be kept. in its sealed
package until the crucia) moment for its use arrives, the
user may encounter some serious limjitations. Generally, any
apecial procedures in service detraat frem the primary
nission of the individual.

If the designer 1s aware of and alert to the effeots of
humidity on "all-weather™ equipment, he can provide immeasur=
able protection frequently without increasing the complexity
or cost of the end product. Many protective devices not
only reduce the humidity effects but eliminate ¢r reduce
many other acdverse effects and often enhance the design
from a ruggedness and usefulneasg standpoint.

Seals

Some itema are hermetically sealed for protestion
against moisture, dust, insects, air-bdorne contaminants and
human tinkering. Hermetic seals are made by fusing metal
to metal, metal to glass, metal to ceramiec or other equal
systems. A leak test commonly used. on this class of seals
is the helium mass spectrometey leak Scat. &n item such as
a special wespon device with a hundred elestrical pin
connectors <an be sealed t9 provide a total Jeak rate of less
than 1 x 10-© atmospheric e¢c per sescnd, ABsEmbiies with
metallic seals, when tested with a vadicactive gas and
calibrated detecting and measurigg devizes, will indicate
a leak rate of less than 1 x 1045 atmaspheric 66 per second.
rast practice has, shown that fuzes with a total lr.ak rate of
less than 1 x 10°0 atmospherie co per segond laye deen
satisfactory in stogckpile storage for aver seven years and have
a projected 1life of oveér 10 yecars with respect to gas leakage,

Waterproofing and other degrees of séaling may de
adequate for some items when hermetic sealing is not
practical.

Desiccants

Installing desiccants in £n enclosure 18 a practical
means of maintaining the humidity below the damaging range.




Desiccant 18 avallable in non-dusting packages and when these
packages arc securely fastened in a device, the system 1is
generally satisfactory. However, & leaky enclosure, even
with a desiccant, will eventually admit enough moisture to
equalize the conditions inside the 2enclosure with the

ambient atmosphere, Many variations of desiccant assemblies
are avallable such as an assembly using "Tell-Tale® desiccant
wlidch changes color as the moisture content increases,
Inspection windows may be included in the item to afford
observation without ¢opening the item.

Materials

Hvgroscopic materials should be avoided but if they
must be used, provieions must ba made for the resultant
effects. Most organic matarials exposea to the atmoasphere
absorb or release molsture until the vapor pressure in the
material is equalized with the atwmospheric vapor pressure.
The materials expand as the watepr gontent increases and
contra:t as the water is released., This property of organic
materials is the basis for the operation of hygrometers and
is discussed later in this artigle under instruments.

Fungi inert materials sbhould de naed unless there is no
substitute for a carefully selected material which is suhject
to fung) damage. Protection of the material must then ce
provided.

Corrcsion

Surface finishes and protective coatings can be usefu)
for protection from the weathepr, and frequently these coat-
ings enhance the appearance, Surface coatings of non-
corrosive or sacrificial metals frequently are more practical
than paints, but on many designs ti2 use of a corrrsion
resistant metal for the part will provide a stronger part
with an atiractive surfage finisk needing no further
protection,

Every dealign whic'i will de or even may bde, exposed to
the atmosphere or immersed in water should dpe examined for
potential damage by electrochemical corrosion, Those com-
binaticns of materials which are suvjeet to damage ghould ba
changed before the design 1s released for production. KEleotro-
chemical corrosion is localized corrosion resulting Lrom
exposure to an electrolyte of dissimilar xetals in contact
or coupled with one another. A special, dut frequent, situsa-
tion 1s & pitting type corrosion which occurs on a metzl con-
taining microscopic or macroacopio areas dissimtilar in
structure or composition., 7Thia is essentially an eleotro-
chemical couple within the metal. Tha electrolyte may be
atmospheric humidity, contaminants, or a 1iquid in which the
iter 13 immersed.

oGy



An electrical short-circuit is formed hy the dissimilar
elements in contact: the electrolyte is the ccrroding medium,
and an electric current is produccd. The element having the
more anodic solution potential 1is sacrificed and the cathodic
material is unattacked. For example, copper is cethodic to
iron, and in a structure of the two metals, the iron will
corrode without damage to the copper. However, iron 1is
cathodic to magnesnium, and the iron in this combination will
not corrode until the magnesium is essentially consumed by
corrosion.

There are many combinations of metals and electrolyte
in which the corrosion does not proceed in accordance with
the common electromotive series. The potential differences
between metals varies as the corroding environment changes.
Properties of a few common metals are listed in Table 2
helow to 1llustrate the coupling effect.

Table 2
Electromotive Series
Normal Electrode

Mctal Ion Potential, volts
gold Aut+ +1.36
Mercury Hg++ +0.79
Silver Ag+ +0.7g
Copper Cu+ +0.344
Hydrogen H+ 0.000
Lead Pb++ -0.12
Tin , Sn++ <0.14
Nickel Ni++ -0.23
Iron Fe++ -0.44
Almnum Al‘H"’ -1 . ';3
Magnesium Mg++ -1.55

I¢ the design cannot be changed to eliminate the couple
formed by two dissimilar metals in contact, the designer
should determine which metal will be sacrificed and adjust
the design to minimize the effects of corrosion. Tests are
generally necessary to complete the study of the design.
Stress-corrosion cracking occurs when more or less continuous
zones exist within the structure of the metal or alloy which
-are more susceptible to corrosion than the rest of the metal.
Usually the attack in these tones oceurs begause they are
anodic to the rest of the metal. Elcotrochemical corrosion
of the anodiec material creates fissures in the metal, If high
tensile stresses are present, the fissures increase the magni-
tude of local stresses which tend to further open the fissurcs,
exposing new anodic material to sustain the proceas.

T



Stresa-corrosion cracking (season cracking) of brass-s
and some cther copper alloys occurs when metals are stressed
by c0ld working or by loads externally applied in service.

The primary factors of stress and coirosion are influenced

by the temperature, time and the presenze of ammonia, cartc.
dioxide, oxygen and moisture. The stress-corrosion cracking

of bracses may be overcome by the use of alloys which have

a high resictance to this type of failure. Also, the tendency
toward stress corrosion cracking of brasses may be rediced by
heat treatment to relieve thermal stresses resulting from coid
working. Plating, painting, coating, or controiling the
atmosphere to which brasses are exposed tends to reduce stress-
corrosion c¢racking.

Extensive discussions on ecorrosion and echemical reactions
of m?t?ls are available in such boocks as references (a), (b),
and (c).

Packaging

Packaging a2 fuze In a vapor=tight container will protect
the fuze during storage, ™t ithe fuze must withstand the
environment afier assembly fo a weapon. Therefore, the
exposed surfaces after agsembly must Be deaigned for exposure
to the natural environuents.

ENVIRONMENTAL CRITERIA AND TESTS

Environmental engineers, scientists, technicians, and
other interested people have c¢reated many laboratory and
field tests for evaluating deviges with respegt te humidity
and humidity-related environmentse Mozt tests have been
created for spec¢ifles applications, and usually the time
factor, temperature, or other parameters have bean ¢.storted
to obtain data quickly. One must he very selective in his
application of tests and even mere Judicious in the use of
data derived from the tests. Prior £o the selection or
creation of a test, a review of the environmental criteria
is useful since these data are basle to the evaluation.

The climatic 1imits to be expected may be obtained from many
documents such as the following wiieh are also shown as
references (¢) through (h).

MIL-STD-210 Climatiec Extremes for Military Equipment.

MIL-STD-446 Environmental Requirements for Electronic
Component Parts,

Handbook of Geophysics. ALr Research and Davelcpuent
Command, United States Alr Ferec. MazMillan Jo., New
York. Revised Edition 196C.
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AR 705-15 Research and Development of Materiel.
Department of tae Army.

NavOord 03 6341 Miscellane¢ous (erneral Ordnance Design
Requiremesinvs.

Arter establishing the environmental criteria for the
item under consideration, tests may be selected or sreated
which may accelerate the humidity effects. A few teats
walch have been used with various degrees of success are
1listed below and algo listed as references (e) and (i)
through (n).

MIL-STD-446 Envirenmental Requirements for Electronic
Component Parts. (Same as the second one above)

MIL-STD-108 Definitions of and Basic Requirements for
Enclosures for Electric and Elegtronice Equipaent.

MIL-STD-202 Test Methods for Electronic and Electrical
Component Parts.

MIL-STD-304 and 354 Temperature and Humidity Test.
MIL-STD-205 and 355 Vacuum~-3team-Pressure Test.

MIL-E-5272 Environmental Testing, Aeronautical and
Associated Equipment, General Spacification for.

MIL-STD-810 Environmental) Test Methods for Aerospace
and Ground Ejuipment,

A natural exposure is the best teast if time permits.
MAny Government and privately owned test sites are estab-
i1ished for exrosure of materials and devices to 2 v desired
clin.te 'nder the control and observation of comjpetent,
experienced, environmental engineers. Dzta, thus obtained,
can be anwlyzed to determine the effecuiveness cof the
materlals ¢énd configuration to withstand humidity extremes.

INSTRUMENTS

f~v device for mcasuring the amount of water vapor in
the atmosphere 13 a hygrcemeter buv man: nsers prefer to
separate the instruments into the cate.ories of hygrometers
and psychrometers. There ar2 many sat‘sfactory instruments
available for the measurement and control of humidity, and an
extvnsive tabulation of instruments 18 given on pages 20-14 to
20-16 of reference (f). Detailed discussions of instruments
are avallable In many sources such as reference (o). Only the
principlcs of operation by classen of instruments are dis-
cuss~d below.




Psychrometers - The proceas of evaporaticn of water
atsorbs heat from the surrounding atmosphere and other
objects. This principle is used to obtain a "wet-bulb"
temperature reading for calculation of the humidity. The
depression of the temperature varies directly with the
rate of evaporation and the rate is inversely proportional
to the amount of water vapor in the atmospherz., Generally
the bulb of a thermometer or the active element of a
temperature sensing device is covered with a wick which 1is
wetted by a reservolr of water. The thermometer 18 so
located that a strcam of air passes over the bulb at a rate
of at least 15 feet per second. The temperature of the wet
bulb thermemeter and the dry bulb temperature of the uir are
used to determine the relative humidity. Psychromstric
charts and tables are a convenient means for converting the
temperatures to relative humidity.

Organic Hygrometers - Many organic¢ materials change in
physical dimenaions in relationship to the water vapor in
the surrovnding atmosphere. Those materials such as human
hair, wood, paper, silk, animal hair and animal membranes
which consistently expand and contract with the change in
water vaper of the atmosphere are used as the active material
in hygrometers. These materials require frequent calibration
but the convenience of unattended operation is often desirable.
The indicators are simple and inexpensive and can easily
provide direct reading in terms of humidity.

Pew-Point Hygrometers - The temperature at which water
vapor in the atmosphere concdenses on a clean non-nygrosoopic
surface is usually considered as the dew point temperature.
Dew point inatruments contain a mirror-surfaced metal to
which a thermocouple is welded. The mirror is cooled from
the Lack by expanding a fluid such as {reon or carbon dioxide.
A sample of the atmosphere to pbe mcasul'ed 18 passed c¢ver
the mirror while the temperature cof the mirror is lowered
until condensation occurs. PRy using psychrometric charts and
tables or by making calculations, the relative humidity may
be determined. This principle 1is useful in measurement of
high temperature gases such as flue gases cr chemical
process gases. Photoelectric cells are sometimes used to
detect the condensation on the mirror.

Electrolytic Hygrometers - The moisture content and the
electrical resistance of many salts vary with the water vapor
content of the atmosphere to which the salt 1s exposed. At
least two types of instruments have been develcped which are
described below.

The Dunmore hygrometer consinsts of two parallcl fine

wires wound on a non-conductive tube, The assembly is coated
with an e2lectrolytic film usually containing lithium chloride

10




which forms an electrical resistance between the two wires.
The resistance of the salt varies with the axbient moisture
and presernits a measurable value which can be calibratad in
terms of relative humidity. The instrument was first
developcd for radio-sondes, but its use has been extended

to many applicaticns.

The Weaver hygrometer consists of two electrodes
connected by 2 gelatinous, hygroscopic, electrolytic film.
The assembly is generally made in a threaded plug for use
in measuring the hvaldity 1In closed vessels. The electrical
resistance 1s measured with the active element exposed to the
unknown gas. The active element, usually by a manifold ard
valve system, 1s transferred to a known gas mixture. The
pressure of the known gas is varied until the equivalent
electrical resistance is obtained. By calculations the
relative humidity or vapor content of the unknown gas can
be determined.

Chemical Hygrometry = The humidity of an atmosphere can
be measured by extracting and welghing the water vapor from
a known sample. Desiccants such as sulphuric acid, phosphorous
pentoxide, calcium chloride, 1ithiwn chloride and silica gel
may be used according to the accuracy of measursment desired.
Another similar method is to freeze the moisture out of a
itream of atmosphere using dry ice and weighing the resulting

Ca.

SUMMARY

Many test reports have been written on the effects of
hunidity on ailitary equipment. Many field reports of
degradation of material by humidity have emphasized the
tremendous losses from this factor alone. Several books,
such as raferences (b) and (p) and hundreds of renorts
abstracted in references (q) and (r) treat the s oject from
many pnints of view. No one has yet been able to prescribde
a simple or direct saet of rules to avoid adverse or
deteriorating effects of humidity,but none the less,inatten-
tion to the subject may cause major problems. Ths roports
show that the acticn to prevent moisture deterioration of a
fuze must be taken in the design phase since protection
cannot be preovided in storage and in the field. It is indeed
encour«4ging to obtaln survelllance reports on many items
after saveral years of storage stating '"excellent condition."
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