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1.0 PROGRAM OBJE! TIVES
The objectives of this program are as follows:

a. Perform high veltage tests on capacitors, cable assemblies and parts,
and coils,

b. Design, fabricate, and evaluate a high voltage standard test fixture
‘to be used for measuring the void content in various high voltage insulation

systems.

c. Specify and procure a 150 kV, 400 Hz power supply for partial discharge
measurements.

d. Update the Tests and Specifications Criteria Documents completed in U.S.
Air Force Contract F33615-77-C-2054 to include the findings from the
test article evaluations.

e. Develop a high voltayge generator test procedure.

f. Update the Airborne High Voltage Design Guide completed on U.S. Air Force
contract F33615-76-C-2008.

g. Develop a Spacecraft High Voltage Design Guide.




2.0 SCOPE
The major task reported in this volume s to:

] Update the Airborne High Voltage Design Guide document completed on
US. Air Force Contract F33615-76-C-2008 based on the findings of
the program and a literature search,.




-3.  INTRODUCTION

One of the new challenges to the electrical insulation design engineer
s the application of materials to high-voltaye, high-pewer aircraft com-
ponents. In aircraft, the space and volume constrairis require tiat the high-
power components be miniaturized, yet be compatible with the airplane's
thermal and mechanical environment. Added tc these constraints and require-
ments are the traditioral demands for minimizing weight with less irsulation
and less metal, and at the same time keeping costs realistic.

There can be no miracle insulation that has ideal electrical, therual,
and structural properties. Therefore, the insulation engineer must recognize
that each application has its own set of optimum insulations that satisfy aii
the electrical performance, environmental, and structural constraints. For
example, capacitors require materials with high dielectric constants, whereas
insulators and feedthroughs require good structural properties with low
dielectric constant. For insulation applications other than capacitors, a
Tow dielectric constant is generally preferred because it has low charging
current. Insulators for solid state devices have a different and unique
requirement --- a heat transfer rate which is usually not associated with low
electrical conductivity. These examples show that the design engineer is
always evaluating compromises when choosing electrical insulation.

An insulation, before being adopted, should be evaluated by test. Tests
should include: (1) temperature cycling in the atmosphere in which it is to
be operated, (2) high voltage evaluation, (3) measurement of dielectric con-
stant and loss factor, (4) verification of tracking characteristics, (5) sur-
face resistivity measuremeats, (6) voltage breakdown measurement, (7) develop-
ment of models configured to represent the application, otherwise the effects
of mechanical stress and the environments will not be correctly tested, (8)
exposure to environment, and (9) application of mechanical stresses. These
" tests will pro&ide some assurance o7 reduced infant mortality of the final
assembly.

_ 3.1 Definition of "Insulation". The purpdse-of electrical insulation is
to physically separate the electromagnetic field boundaries. The insulation

gy




must be composed of materials which have very high resistivity in ordar to
restrict the flow of leakage current between conductors.

Gaseous, 1iquid, &and solid insulations are in us2. An insulation system
may consist ef a single material, a compusite structure such as a laminate,
or a combiration of materifals 1ike a cable insulation system having layers of
different materials. Electrical insulation encompasses the terms "dielectrics"
and "insulators." A "dielectric" is a discrete material or class of material
with a high resistivity. It is a non-metal used for isolating electrodes. An
"insulator® is a generic expression for a solid material used to mechanically
support and electrically isolate one or more conducting elements.

3.2 Design Guide Content. Field theory and theoretical aspects of a
gaseous breakdown, insulating materials, and high-voltage applications are
comprehensibly treated in textbooks and technical papers. Applicable portions
of this theory will be reviewed, and raferences where further detail can be
found will be noted.

Much of this document is devoted to design techniques associated with
electric fields. Partial discharges caused by the incliusion of voids in
dielectrics is treated --- application as well as the theoretical aspects of
a perfect hole embedded in an ideal block of insulation is discussed. The
etfects of external gas pressure and of the gas content within the voids is
also discussed for specific applications.

Electric properties of insulation are discussed. §pecifica11y, (1) di-
electric strength,_(Z) resistance to corona, creepage and tracking, (3) voltage
gradients generated between variocus eluctrode configurations, and (4) *he
utilization factors plotted for the most common electrode configuraticns.

A1l these data are useful for quick preliminary evaluations of insulation

designs.

One of the last two sections in this guide describes testing. test
equipment, and the use of incipient failure detection dezvices. The other
section lists common failure mechanisms associated with equipment insulation
and possible solutions. Sources of more detailed data and analytical tech-
niques are cited throughout the text. . ‘ '

.
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3.3  GLOSSARY

Adsorption. The adhesion of gas or liquid molecules to the surfaces of
solids or 1iquids with which they are in contact.

Aging. The change in properties of a material with time under specific
condi tions. ‘

Alternating Current, Current in which the charge-tflow periodically reverses
and is represented by: I=sIgcos (2nft+¢) where I is the current, lg is
the amplitude, f the frequency, ¢ the phase angle.

Ambient Temperature, The ‘temperature of the surrounding cocling medium,
such as gas or liquid, which comes into contact with the heated parts
of the apparatus.

Anode. Thne electrode through which‘a direct current enters the liquid, gas,
or other discrete part of an electrical circuit; the positively charged
vole nf an electrochemical cell. .

Anti-Oxidant. Substance which prevents or slows down oxidation of material
exposed to air,

Arcover Voltage. The minimum voltage required to create an arc between
electrodes separated by a gas or liquid insulation under specified conditions.

Arc Resistance. The time required for an arc to establish a conductive path
in a material.

Askarel. Synthetic liquid dielectric which is non-flammable.
Bond Strength. The amount of adhesion between -onded surfaces.
Breakdown (Puncture). A disruptive discharge through insulation.

Breakdown Voltage. The voltage at which the insulation between two conductors
will break down.

Capacitance (Capacity). That property of a system of conductors and dielec-
trics which permits tne storage of electricity when potential difference
exists between the corductors. Its value is expressed as the ratio
of a quantity of electricity to a potential difference. A capacitance
valua is always positive.. The charge which must be comrunicated to a body
A0 rajse its notential one unit, represented by -C=Q/V, where C is th=
copacitance, { the quancity of charge, and V the potential. In a parallel
plate ¢nndenser

¢ . KA

where A is the area of the plates, d the distance between them, and K
the dielectric constant of the medium,



Capacitor (Condenser). A-devite. the primary purpose of which is to intro-
duce capacitance into an electric circuit.,

Cathode. The electrode through which an electric current leaves a liquid,
gas, or other discrete part of an electric current: the negatively
charged pole of an electrochemical cell.

~ Cavity. Depression in a mold.

Cell. A single unit capable of serving as a d-c voltage source by means
of transfer of ions in the course of a chemical reaction.

Charge, In electrbstatics. the amount of electricity present upon any
substance which has accumulated electric energy.

Conductance. The reciprocal of resistance. It is the ratio of current
passing through 2 material to the potential difference at its ends. . ) J

Conductivity. Reciprocal of volume resistivity. Conductance of a unit cube
of any material. ’

Conductor. An electrical path which offers comparatively little resistance.
A wire or corbination o wires not insulated from one another, suitable
for carrying a single electric current. .

Contaminan*., An impurity or foreign substance present in a materiai which
affects one or more properties of the material.

Corona., A luminous discharge due to ionization of the gas surrounding a
conductor around which exists a voltage gradient exceeding a certain critical
value. A type of discharge--sometimes visible--1n the dielectric of an
insulation system caused by an electric field and characterized by the
rapid developmen* of an ionized channel which does not completely bridge
the electrode. May be continuous or intermittent. - Not a materials
property, bu! related to the system, including electrodes.

Corona resistance. Tne time that insulation will withstand a specified
level field-intensified ionizaticn that does not result ir the immediate ~
complete braaxdown of the irsulation. : Q

Corrosion. Chemical actiorn vhich causes destruction of the surface of a metal
by oxidation or chemical combination.

Coulomb. Unit quantity of electric charge; i.e., the quantity transferred by
1 ampere in one second.

Creep. The dimensional change with time of a material under load.

Creepage. Electricel leakage on a solid dielectric surface.

-

Creepage surface on path. An insulating surface which provides physical separation

as a form of insulatinn betweer two electrical cond i
potential. ' uctors of different



Critical Voltage (of gas). The voltage at which a gas ionizes and corona
occurs, preiiminary to dieiectric breakdown of the gas.

Delamination. The separation of layers in a laminate through failure of
the adhesive. et

Dielectric. (1) Any tnsulating medium which intervenes between two conductors
and permits electrostatic attraction and repulsion to take place across
it. (2) A material havirg the property that energy required to establish
an electric field is recoverable in whole or in part, as electric energy.

Dielectric Adsorption. That property of an imperfect dielectric whereby there
is an accumulation of electric charges within the body of the material
when it is placed in an electric field. ,

Dielectric Constant (permittivity or specific inductive capacity). That
property of a dielectri~ which determines the electrostatic energy stored
per unit volume for unit potential gradient. The dielectric constant of a
medium is dafined by ¢ in the equation

o

4vwer

where F is the force of attraction between two charges Q and Q' separated
by a distance r in a uniform medium,

Dielectric Loss. The time rate 2t which electric energy is transformed into ?
heat in a dielectric when it is subjected to a changing electric field.

Dielectric Loss Angle (dielectric phase difference). The difference between
ninety degrees (900) and the dielectric phase angle.

Dielectric Loss factor (dielectric loss index). The product of its dielectric
constant and the tangent of its dielectric loss angle.

Dielectric Phase Angle. The angular difference in phase between the sinus-
oidal alternating potential difference applied to a dielectric and the
component of the resulting alternating current having the same period as
the potential difference.

Dieiectric Power Factor. The cosine of the dielectric phase angle (or sine
of the dielectric loss angle).

Dielectric Strength. The voltage which an insulating material can withstand -
before breakdown occurs, usually expressed as a voltage gradient (such as
volts per mil). '

Dielectric Tst. Tests which consist of the application of a voltage higher
than the rated voltage for a specified time for the purpose of determining
the adequacy. against breakdown of insulating materials and spacings under
novmal conditions. ’




Dispersion,  Finely divided particles in suspension in anotﬁer substance.

‘Cisplecement Current. A current which exists in addition ta vrdinary conduction
current in a-c circuits. It is proportional to the rate of change of the

electric field.

Disruptive Discharge. The sucden and large increase in current through an
insulation mecium due to the complete failure of the medium under the electro-
static stress.

Dissipatinn fFactor {loss tangent, tan &, approx. power factor). The tangent
of the ioss angle cf the insulating material.. -

Electric Fieid Intensity. The force exerted on 2 unit charge. - The field
intensity £ is measured by q
En———z
4mer

whare r is the distance from the charae q in a medium having a dielectric
constant e.

Electric Strength (dielectric strenoth)(disruptive gradient). The maximum
potential gracient that the material can withstand without rupture. The
value obtained for the electric strength will depend on the thickness of
the material and on the method and conditions of test.

Electrode. A conductor, not necessarily metal, through which a current enters
or leaves an electrolytic cell, arc, furnace, vacuum tube, gaseous discharge
tube, or any conductor of the non-metallic class.

Electromagnetic Field. A rapidly moving electric field and its associated
moving magnetic field, located at right angles both to the electric lines
of force and to their divection of motion.

Electron. That portion of an atom which circles around the center, or nucleus.
An electron possesses a nejative electric charge. and is the smallest charge
of negative electricity known.

Encapsulating. Enclosing an article in a closed envelope of plastic.

Energy of a Charge. W =iV, given in ergs when the charge Q and the potential

V are in zizactrostatic units.

Energy of the Electric Field. Representdd by W = KE2 .where g is the elec-
tric field intensity in electrostatic units, K the spegific irductive
capacity, and the energy of the field £ in ergs per cm3.

Epoxy Resins. Straight-chain thermoplastics and thermosetting resins based on
ethylene oxide, its derivatives or homologs.
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Farad. Unit of capacitance. The capacitance of a capacitor which, when
charged with one coulomb, gives a difference of potential of one volt.

Fiber. A thread or threadlike structure such as comprises cellulose. wool,
silk, or glass yarn.

Fibre. A specific form of chemically ?ulled fibrous matertals fabricated
into sheets, rods, tubes, and the like.

Filler. A substance, often inert, added to 2 plastic to improve properties
and/or decrease cost.

Flame Resistance. Ability of the material to extinguish flame once the source
of heat is. removed.

Flammability. Measure of the material's ability to support combustion.

Flashover. A disruptive discharge around or over the surface of a solid or
liquid insulator.

Frequency. The number of complete cycles or vibrations per unit of time.

Graded Insulatidn. Combination insulations with the portions thereof arranged
in such a manner as to improve the distribution of the :lectric field to
which the insulation combination is subjected.

Gradient. Rate of increase or decrease of a variable magnitude.

Grounded Parts. Parts which are so connected that, when the installation is
complete, they are substantially of the same potential as the earth.

Ground Insulation. The major insulation used between a winding and the mag-
netic core or other structural parts, usually at ground potential.

Hall Effect. The development of a potential difference betweei the two edges
of a strip of metal in which an electric current is flowing longituiinally,
when the plane of the strip is perpendicular to a magnetic field.

Hardener. A substance or mixture of substance; added to plastic composition,
?r :n adhesive to promote or control the curing reaction by taking part
n it.

Heat Sink. Any device that absorbs and draws off heat from a hot object,
radiating it into the surrounding atmosphere.

Hertz. (Hz) A term replacing cycles-per-second as an indication of frequency.
Hygroscopic. Tending to absorb moisture.

Hysteresis. An effect in which the magnitude of a resulting quantity is dif-
ferent during increases in the magnitude of the cause than during decreases
due to internal {riction in a2 substance and accompanied by the production- of

" heat within the substance. Electri¢ hysteresis occurs when a dielectric
material is subjected to a varying electric field as in a capacitor in an
alternating-current circuit.

11




Impedance. The total opposition that a circuit offers to the flow of alter-
nating current or any other varying current at a particular frequency. It
is a combination of resiitancs R and reactance X, measured in-ohms and
designated by 2. 2 = (R

Impregnate. To fill the voids and interstices of a material with a compound.

(This does not imply complete fill or complete coating of the surfaces by
a hole-free film).

Imyalse. A unidirectional surge generated by the release of electric energy
intv an impuodance network.

Impulse Ratio. The ratio of the flashover, sparkover, or breakdown voltage
of an impulse to the crest value of the power-frequency flashover, spark-
over, or breakdown voltage.

Insulation. Material having a high resistance to the flow of electric current,
to prevent leakage of current from a conductor.

Insulation Resistance. The ratio of the applied voltage to the total current
betw2en two electrodes in contact with a specific insulator.

Insulation System. All of the insulation materials used to insulate a ;articu-
lar alectrical or electronic product.

Insulator. A material of such low electrical conductivity that the flow of
current through it can vsually be neglected.

Interstice. A minute space between one thing and another, especially between
things closely set or between the parts of a body.

Ion. An electrified portion of matter of sub-atomic, atomic, or moiecular di-
mensions such as is formed when a molecule of gas loses an electron (when
the gas is stressed electrically beyond the critical voltage) or when a

neutral atom or group of atoms in a fluid loses or gains one or more electrons.

Ion Exchange Resins. Small granular or bead-l1ike particles containing acidic
or basic groups, which will trade ions with salts in solutions.

Ionization. Generally, the dissociation of an atom or molecule into positive
or negative ions or electrons. Restrictively, the state of an insulator
whereby it facilitates the passage of current due to the presence of charged
particles usually induced artificially.

Laminated Plastics: Layers of a synthetic resin-impregnated or coated base
material bonded together by means of heat and pressure to form a single
piece.

Lamination. The process of preparing a laminate. Also any layer in a laminate.

Line of Force. Used in the description of a. elzctric or magnetic field to

represent the force starting from a positive charge and ending on a nega-
tive charge.

12
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Mat. A randomly distributed felt of glass fibers used in reinforced plastics.

Moisture Resistance. The ability of a material to resist absorbing moisture
from the air or when immersed in water.

Nylon. The generic name for synthetic fiber-forminc polyamidés.

Open Cell. Foamed or cellular material with cells which are generally inter-
connected. Closed cells refers to celis which are not interconnected.

Organic. Designating or composed of matter originating in plant or animal life
or composed of chemicals ¢f hydrocarbon origin, either natural or synthetic.

Oscillatory Surge. A surge which includes both positive and negative polarity
values.

Overpotential. A voltage above the normal operating voltage of a device or
circuit.

Overvoltage. See Overpotential.

Partial Discharge: A partial discharge is an electric discharge that only
partially bridges the insulation between conductors when the voltage strass
exceeds a critical value. These partial discharges may, or may not, occur
adjacent to a conductor.

Partial discharge is oftan referred to as "corona" but the term "corona" is
preferably reserved for localized discharges in cases around a conductor,
bare or insulated, remote from ary other solid insulation.

Partial Discharge Pulse: A partial discharge pulse is a voltage or cu.-rent
pulse which occurs at some designated Tocation in the test circuit as a result
of a partial discharge.

Partial Discharye Pulse Charge: The quantity of charge supplied to the test
specimen's terminals from the applied veltage source after a partial discharge
pulse has occurred. The pulse charge is often referred to as the apparent
charge or terminal charge. The pulse charge is related but not necessarily
equal to the quantity of charge flowing in the localized discharge.

Partial Discharge Pulse Energy: The partial discharge pulse energy is the
energy dissipated during one individual partial discharge.

Partial Discharge Pulse Repetition Rate: The bartia] discharge pulse repe-
titfon rate is the number of partial diccharge pulses of specified magnitude
per unit time.

_Partial Discharge Pulse Voltage: The peak value of the voltage pulse which,
if insertad in the tast circuit at a termina’ of the test specimen, would
produce a response in the circuit equivalent to that resulting from a partial
discharge pulse within the specimen. The pulse voltage is also referred to
as the terminal corona puise voltage. :

13
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Permittivity. Preferred term for ajelectric constant.

pH. The measure of the acidity or alkalinity of a substance, neutrality being
at pH 7. Acid solutions are under 7, alkaline solutions over 7.

Phenolic Resin. A synthetic resin produced by the condensation of phenol with
formaldehyde.

Plastic. High polymeric substances, including both natural and synthetic pro-
ducts, but excluding the rubbers, that are capable of flowing under heat
and pressure at one time or another.

Plastic Deformation. Change in dimensions of an object under 1oad that is not
reccvered when the load is removed.

Plasticizer. Chemical agent added to plastics to make them softer and more
flexible.

Polarity. 1) An electrical condition determining the direction in which cur-
rent tends to flow. 2) The quality of having two opposite charges.

Polyamide. A polymer in which the structural units are linked by amide or
thioamide groupings.

Polycarbonate Resins. Polymers derived from the direct reaction between aro-
matic and aliphatic dihydroxy compounds with phosgene or by the ester
exchange reaction with appropriate phosgene derived precursors.

Polyester. A resin formed by the reaction between a dibasic acid and a
dihydroxy alcohol.

Polyethylene. A. thermoplastic material composed of polymers of ethylene.

Polyisobutylene. The polymerization product of isobutylene, also called
butyl rubber

Polymer. A compound formed by polymerization which results in the chemical
union of monomers or the continued reaction between lower molecular weight
polymers.

Polymerize. To unite chemically two or more monomers or polymers of the same
kind to rorm a molecule with higher molecular weight.

Polymethyl Methacrylate. A transparent thermoplastic composed of polymers
of methyl methacrylate.

Polypropylene. A plastic made by the ploymékization of high-purity propylene
gas in the presence of an organometallic catalyst at reiative low pressures
and temperatures.

Po]ystyren?. A thermoplastic nroduced by the polymerization of styrene (vinyl
benzene). '

Polyvinyl Acetate. A thermoplastic material composed of polymers of vinyl
acetate.
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Polyvinyl Butyral. A thermoplastic material derived from butyraldehyde.

Polyvinyl Chloride (PVC). A thermoplastic material composed of polymers of
vinyl chioride.

Polyvinyl Chloride Acetate. A thermoplastic material composed of copolymers
of vinyl chloride and vinyl acetate.

Polyvinylidene Chloride. A thermoplastic material composed of polymers of
vinylidene chloride (1,1-dichloroethylene).

Potential. Voltage. The work per unit charge required to bring any charge
to the point at which the potential exists.

Potting. Similar to encépsu]ating. except that steps are taken to insure
complete penetration of all voids in the object before the resin polymerizes.

Power. The time rate at which work is done; equal to W/t where W is amounf_of
work done in time t. Power will be obtained in watts if W is expressed in

Jjoules and t in seconds.

Power Factor. 1) In an alternating current circuit, it is the number of watts
indicated by a watt meter, divided by the apparent watts, the latter being
the watts as measured by a voltmeter and ammeter. 2) It is the multiplier
used with the apparent watts to determine how much of the supplied power
is available for use. 3) That quantity by which the apparent watts must
be multiplied in order to give the true power. 4) Mathematically, the
cosine of the angle of phase difference between current and voltage app!igd.

Pressure. Force measurad per unit area. "Absolute pressure is measured with
respect to zero pressure. Gauge pressure is measured with respect to
atmospheric pressure.

Proto?. A bositively charged particle believed to be a nuclear constituent of
all atoms.

Pulse. A wave which departs from a first nominal state, attains a second nominal
state, and ultimately returns to the first nominal state.

Relative Humidity. Ratio of the quantity of water vapor present in the air to
the quantity which would saturate it at any given temperature.

Resin. An organic substance of natural or synthetic origin characterized by
being polymeric in structure and predominantly amorphous. Most resins,
though not all, are of high molecular weight and consist of long chain or
network molecular structure. Usually resins are more soluble in their
lower molecular weight forms.

Resistance. Property of a conductor that determines the current produced by
a given difference of potential. The ohm is the practical unit of resistance.

Resistivity. The ability of a material to resist passage of electrical current
either through its bulk or on a surface. The unit of volume resistivity
is the ohm-cm, of surface resistivity, the ohm,

15
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, Roentgen. The amount of radiation that will produce one electrostatic unit
of ions per cubic centimeter volume.

Schering Bridge. An alternating current form of wheatstone bridge, used for
comparing capacitances or for measuring the phase angle of a capacitor by
comparison with a standard capacitor.

Semiconductor. A material whose resistivity is between that of insulators
and conductors. The resistivity is often changed by light, heat, an electric
field, or a magnetic field. Current flow is often achieved by transfer of
positive hcles as well as by movement of electrons. Examples include
germanium, lead sulfide, lead telluride, selenium, silicon, and silicon
carbide. Used in diodes, photocells, thermistors, and transistors.

Sheet. Any material (conducting, insulating, or magnetic) manufactured in
sheet form and cut to suit in processi:g.

Shelf Life. Length of time under specified conditions that a material retains
*ts usability.

Silicone. Polymeric materials in which the recurring chemical’ group ccntains
silicon and oxygen atoms as links in the main chain.

Solvent. A:liquid substance which dissolves other substances.

Sparkover. A disruptive discharge between electrodes of a measuring gap, such
as a.sphere gap or oil testing gap.

Specific Gravity. The density (mass per unit volume) of any material divided
by that of water at a standard temperature.

Staple Fibers. Fibers of spinnable length manufactured directly or by cutting
continuous filaments to short lengths.

Storage Life. The period of time during which a liquid resin or adhesive can
be sored and remain suitable for use. Also called Shelf Life.

Surface Creepage Voltage. See Creepage.

Surface F1ash6ver See Flashover

Surface Leakage. The passage of current over the boundary surfaces of an
insulator as distinguished from passage through its volume.

Surface Resistivity. The resistance of a material between two opposite sides
of a unit square of its surface. Surface resistivily may vary widely with
the conditions of measurement. '

Surge. A transient variation in the current and/or potential at a point in
the circuit.

Jear Strength. Force required to initiate or continue a tear in a material ;
under spec1f1ed conditiors. ‘
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Tensile strength. The pulling stress required tdo break a given specimen. |
Thermal Conduct1v1ty Ability of a material to conduct heaf A |

Thermal Endurance. The time at a selected temperature for an 1nsu1at1ng |
material or system of materials to deteriorate to some predetermined level
of electrical, mechanical, or chemical performance under prescribed con-
ditions of test. . '

Thermal Expansion (Coefficient of). The fractional change in length (enmetfmes
volume) of a material for a unit change in temperature.

Thermoplastic. A classification of resin that can be readily softened and
resoftened by heating.

Tracking. Scintillation of the surface of an insulator, may produce enousi.
heat to leave a degraded track of carbon.

Tracking Resistance. See arc resistance.

Transient. That part of the change in a variable that disappears during traisition
from one steady-state operating condition to another,

Tubing. Extruded non-supported plastic or elastomer materials.

Urea-Formaldenyde Resin. A synthetic resin formed by the reaction of urea
with formaldehyde. An amino resin.

Urethane. See I[socyanate Resins.

Vinyl Resin. A synthetic resin formed by the polymerization of compounds
containing the group CH2 = CH-.

Viscosity. A measure of the resistance of a fluid fo flow (usually through
a specific orifice).

Volt. Unit of electromotive force. It is the difference of potential required
to make a current of one ampere flow through a resistance of one ohm.

Voltage. The term most often used in place of electromotive force, potential.
potential difference, or voltage drop, to designate electric pressure
that exists between two points and is capable of producing a flow of cur-
rent when a closed circuit is connected between the two points.

Volume Resistivity (Specific: Insulation Resistance).. The electrical resistance .
" between opposite faces of a 1-cm cube of insulating material, ccmmonly
expressed in ohm-centimeters. The recommended test is ASTM D257-61.

Vulcanizat:on. A chemical reaction in which the-physical properties of an

~ elastomer are changed by reacting it with sulfur or other cross- linking
agents.
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Water Absorption. Ratio of the weight of water absorbed by a material to the
weight of the dry material. -

Wire. A conductor of round, square, or rectangular section, efther bare or
insulated. -

Working Life. The périod ¢f time during which a 1iquid resin or adhesive,
after mixing with catalyst, solvent, or other compounding ingredients,
remains usable.

Yield Strength. The lowest stress at which a material undergoes plastic
deformation. Below this stress, the material is elastic; above it, viscous.



4. BACKGROUND o

-

There are three important procedures fcr high density, high'volzgge.
high power airborne equipment dielectric design and packaging. These pro-
cedures are: Rt

® The design should make use of high quality materials desjgned within
the elgctrical and mechanical stress limits of the materials.

o Circuit and component materials should be modeled and proven adequate
for the design by electrical and mechanical testing. These tests
should be used to determine the electrical, mechanical,;;;d chemical
characteristics and compatibility of parts and equipment and not as

a failure tool after insulation failure.

e A1l parts, components, and assemblies should be fhbricated in clean
rooms by personnel knowledgcable in clean room procedures.

4.1 Program Plan and Requirements. Hiui-voltage high-power equipment
in future airplanes will operate in the 3,000 to 250,000 volt region, which
is considerably higher than previously experienced in aircraft equipment.
The consequences of a high-voltage breakdown on a mission need not be elab-
orated on here. The important point is that every high-voltage insulation
failure in the pist coule have been prevented by thoroughly specifie. require-
ments, carefully conducted design, and adequate and properly planned testing
to demonstrate that all requirements are smet. Particularly troublesome are
interfaces where equipment and responsibilities meet.

High-voltage circuit and componént insulation must be analyzed by spe-
cialists, particularly when temperature cycling, high-density packaging and
high-power equipment are involved. For example, consider components which
are subjected to environmental and electrical testing prior to flight. During
testing, the components may be e‘ectrically overstressed, connected and re-

connected, the cables flexed and vibrated. and occasionally some parts may de -

exposed to hostile fumes and temperatures. These mechanical, chemical, and
electrical stresses degrade electrical insulation. The specialist must show
by analyses, tests, or test similarities, that stressing produces insignifi-

cant materials degradation and has 1ittle impact on the 1ife of the insulation.

Improperly tested components must be further analyzed and/or retested to show
flightwortniness.
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It is essential that the (1) insulation materials, (2) test requirements,
and (3) specifications be developed prior to hardware fabrication.

4.2 Requirements Specification. Each item of equipment in an aifplane
must (1) perform its function, and (2) not interfere with other equipment or
systems on the airplane or a companion airplane, when two or more airplanes
are involved. For a mission to be successful from both standpoints, the
equipment must be correctly specified and must meet specified requirements.

An important, initial part of 2 high-voltage,high-power design is the
specification of requirements which defines the mission temperature-pressure
profile, operav.ing time, voltages, types of enclosures, and the electrical
characteristics of nearby matérials and equipment. Included must be the
testing, storage, and all pertinsnt military, NASA, and public standards and
specifications. '

Oc..:ionally, a specification or standard has inadequate electrical or
environmental test requirements. Then deviations, deletions, and/or additions
must n:. written. For example, the tests in the military specification for
transf. vers 1; MIL-T-27, are inadequate to ferret out pirholes and voids in
the elecirical insulation of low voltage transformers and inductors.

4.3 i.anning a High-Voltage Program. A program plan is a necessary
element .. % bridges the requirements specification to the specifications
that define the system, equipment and circuits as shown in Figure 1. This
program plan should include pre-flight testing, storage, and airpi-: v constraints.

A good high-voltage program plan includes a requirements plan and a design-
and-test-plan. The requirements plan (Figure 2) includes evaluation of his-
torical data applicable to the equipment and the airplane, operational constraints,
and tre test and test equipment requirements. Historical data for aerospace
equipinent operating at voltages up to 10 kilovolts is abundant.2 Likewise,
materials, designs, and manufacturing techniques for this voltage region are

1. “Transformers and Inductors (Audio, Power, and High-Power Pulse) General
Specification For", MIL-T-27D, April, 1974

2. J. E. Sutton and J.E. Stern, "Spacecraft High-Voltage Power Supply Con-
ztru?tion," NASA TN D7948, Goddard Space Flight Center, Greenbelt Md.,
Apr‘i y1:.5
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readily available. For voltages over 10 kiiovolts information is scarce, and
research and development tailored to tha constraints and requiraments unique
to the airplane and equipment aboard the airplane is often needed.

ngh-voltage testing becomes hard to define for several reasons. First,
the supplier of ‘electronic components may lack some test equipment or test
experience within his design organization, necessitating compromises in the
_hierarchy of testing; second, there are several levels of testing to be per- |
formed with difficult-to-evaluate options on when to perform what tests; ! t
third, test equipment sensitivity is affected by the equipment being tested
and the connection thereto. Some equipment and experiments can actually be
designed to test themselves. All these elements must be defined in the require-
ments plan by the equipment designer, and his customer, before preliminary

design review.

COMPONENT AND
SPECIFICATION i
REQUIKEMENTS > PROGRAX PLAN > SPECIFICATIONS

S S

REQUIRENENTS HARDHARE le——
PLAN
DESIGN AND
TEST PLAN > TEST

FIGURE 1. HIGH-VOLTAGE, HIGH-POWER SYSTEM DEVELOPMENT PLAN
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4.4 Design-and-Test Plan. A design-and-test plan should be developed
for each high-soltage component aboard the airplane. It should contain the
constraints and requirements that affect the design; for exumple, pressure,
temberature. and outgassing products othey than air.

Testing should be time sequenced with other phases of the high-voltage
system development such as design, materials selection and application, and
packaging, to avoid delays and costly overruns from improper application of
a specific material. The desigﬁ and test plan, shown in Figure 3, requires
that the insulating and conducting materials be selected and tested early in
the program to establish their adequacy and life-stress capability.

Dense parts packaging, where mechanically stressed insulation must with-
stand wide temperat