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RELIABILITY PREDICTION STUDIES ON ELECTRICAL
INSULATION: NAVY SUMMARY REPORT

INTRODUCTION

The Navy’s combat effectiveness depends on the reliability of the equipment in its
vessels. The reliability of electrical equipment can be increased by overdesigning and by
decreasing operating temperatures. This might be practical in land installations where
weight and size are unimportant. On a ship, the resulting increased weight and size would
decrease the combat effectiveness of the vessel. Thus, equipment designers must reduce
weight and bulk and also maintain and even improve reliability. This could be achieved
with the improved synthetic materials which were being generated by industry at a con-
siderable rate, during the post-World War II period. While this generation of materials dis-
played superior characteristics, they had no pedigree to assure long life in use.

The Navy, faced with the responsibility of increasing the combat effectiveness of its
vessels, embarked on a major study of the aging properties of electrical insulating
materials and systems. This involved the development of evaluation techniques for com-
paring the expected lives of new insulations. This program was initiated at the Naval
Research Laboratory in 1952. Around 1965, when techniques for evaluating electrical
components and systems were being firmed, much of the evaluation program was trans-
ferred to the Navy Ships Research and Development Laboratory.

This research, while it benefited the Navy, also had considerable impact on national
and international standards. To illustrate a few highlights, the data generated by the
Navy confirmed the thesis that thermal aging was governed by the chemical laws known
as the Arrhenius relations. The influence of electrical and mechanical stresses and of
humidity were demonstrated. In this connection, NRL established the level of mechan-
ical stress that has been universally adopted in the applicable standards. One of the
problems was the level of the lifeline at which temperature ratings could be compared for
various insultations, The Navy provided much of the long-term temperature-life data needed
for establishing this standard. Humidification, which was used as a searching agent for fail-
ures, was difficult to standardize. However, when the IEEE 117 Test Procedure was being
developed the Navy took the initiative to investigate this factor and produced a technique
and a chamber design that were incorporated in the procedure.

Over the years, all therma! aging data were universally treated as an Arrhenius
relationship. However, the question arose, in connection with aircraft wire aging, of
whether life predictions could be made when the operating temperatures were variable.
This was demonstrated to be possible by integrating the effects dictated by the Arrhenius
laws. In addition, a significant contribution was made to the economics of the thermal

Manuscript submitted December 9, 1978.
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evaluation procedures. In general, a year of experimental time is required to obtain a
life-vs-temperature characteristic curve. A detailed statistical analysis validated truncated
data techniques as applied to thermal aging; this substantially reduced testing time.

ORIGIN OF THERMAL CLASSIFICATION AND EVALUATION

The need to know the effects of temperature on electrical insulation was fixst
analyzed and discussed when Steinmetz and Lamme published their 1913 paper,
“Temperature and Electrical Insulation™ [1]. This classic paper not only reflects the
accepted concepts of their day but also introduces the theory that insulation deteriorates
with time at certain temperatures.

At that time insulating materials were classified in three main categories, known as
classes A, B, and C, according to the general compositions of the materials. Class A in-
cluded fibrous materials such as paper and cotton, along with most of the natural oil
resins and gums. Class B included heat-resistant materials like mica, asbestos, and
equivalent refractory materials, frequently used in combination with other binding
materials, The fireproof or heatproof materials such as mica, “so assembled that very
high temperatures do not produce rapid deterioration,” were considered Class C.

Tn 1913 the accepied general temperature ranges for the three classes were

Class A — to 90°C
Class B —to 125°C
Class C — to 150°C to point of incandescence.

Figure 1 is a general guide temperature-life curve for Class A insulation taken from
the 1913 Steinmetz and Lamme paper. If illusirates the generally prevailing belief that
electrical insulation suffered insignificant deterioration below 90°C but that above 106°C
the rate of deterioration increased rapidly until 125°C, above which life was shortened to
a few weeks. In other words, it was thought that aging did not begin until a definite
temperature had been exceeded.

It is interesting that it was then also thought that if the insulation was cooled to
room temperature between duty heat cycles, the actual hours of accumulated thermal
aging would be decreased (as compared to continuous duty) because the insulation would
have a chance to ‘“recover.”

By the late 1920s a higher figure, 105°C, was taking hold as the representative
tempetature for Class A materials, although V. M. Montsinger in his 1330 paper, “Loading
of Transformers by Temperature” {2}, advocated a more conservative value of 95°C. In
addition, Montsinger believed that the sole end-of-life criterion was mechanical failure of
the insulation and that it was “hopeless to judge the rate of deterioration of insulation
by its electrical strength.” This idea stemmed from the belief that the electrical strength
of insulation increased in general with age until the material actually cracked open. At
the same time he introduced the idea that mechanical deterioration was a continuous
reaction to temperature and that the rates could by some means be determined. This
was in sharp contrast with Steinmetz, who held that no deterioration could occur below
a critical temperature for the material.
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Fig. 1—Possible life-vs-temperature relationship of
Class A insulation [1]

The accumulated data from his study suggested a general law for insulation aging
that is represented by a straight line on semilog paper with a linear temperature scale.
The curve was expressed by the equation

Y = de ™1

where Y = life in years
A and m are constants that characterize the insulation
t = temperature in °C
e = base of natural logarithm.

This data, obtained over nine years, was on the tensile strength of paper, aged in oil
and in air. A product of this milestone study of Montsinger’s was a rough demonstration
of what might have been called an “8- or 10-degree” rule. Additional data obtained during
the subsequent years substantiated this rule, defining it as the “10-degree” rule. In effect,
this empirical relation states that the thermal life of insulation is halved for each 10°C
increase or, conversely, doubled for each 10°C decrease,
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In the development of functional evaluation there has been and probably always will
be one primary guestion: Have all the factors that produce measurable and significant
changes in the life been properly included? Naturally, the purest form of functionat
evaluation would be the gathering of life data on the equipment itself when used under
specific field conditions. However, this i3 impraetical for two good reasons, namely time
and expense. Yet a flood of new materials were becoming available, starting in the
middle 1940s and increasing in volume through the 1950s.

Industry as well as the government realized that it was imperative to devise some
means to evaluate functionally insulating materials and even insulation systems relatively
guickly and at reasonable cost.

Thus, a new milestone had been reached as numerous laboratories engaged actively
in a comprehensive program, embracing many approaches to the problem and eventually
resulting in new test procedures. The Navy in particular had a compelling desire to move
ahead in materials and insulation systems engineering, beesuse of its urgent need for
military specifications for purchasing these new materials. The first research to be per-
formed was to investigate the effects of voltage, vibration, heat cycling, and humidity on
the life of magnet wire insulation [3]. To this end, coils were wound with about 36.5 m
(100 ft), of number 26 enameled magnet wire. Ten turns of wire of the same insulation
were inserted at the center of the coil to provide {a} a known dielectric stress, {b) detec-
tion of insulation failure by current flow, and {c) measurement of temperature by
resistance change. The coils were heated by circulating current through the main winding,
in a constant ambient of 60°C. The assembled coils on the mounting rack are ilhustrated
in Fig. 2,

Fig. 2—Coil assembly showing asbestos wrapping and lead attachment
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With the above experimental setup, the effect of voltage at 1 g, from 4.5 to 50 V,
was first investigated. As in Fig. 3, there was a strong dependence of life on voltage at
160°C. The effects of vibration were determined at 35 V d.c., from 0 to 5 g at 160°C,
Figure 4 shows the effect of vibration to be more dominant at higher values of g, but
the spread in life data is much less.

During these early investigations by the Navy, industry was conducting parallel re-
search to develop evaluation techniques. However, they were concentrating more on the
development of test models to simulate magnet wire applications and complete insulation
systems for electrical rotating machinery.

By 1952, Dexter was experimenting with modifications of the standard NEMA
magnet wire twist sample formerly used for voltage breakdown testing. A generous
amount of thermal aging data were already being accumulated using various test variables
including temperature and voltage stress, which he reported in 1954 [4]. This together
with the work of many others, including the members of AIEE committees, constituted
the background experience that later made such classic documents as AIEE 57, 65, 510,
and 511 possible,

Simultaneously, Cypher and Harrington were developing a test model of a motor
that would be suitable for evaluating functionally an insulation system without the ex-
pense of full-size motors [5]. Later these model motors were appropriately named
“motorettes.” This marked another milestone in the development of functional evalua-
tion, as it paved the way to several other “model-ettes,” among them the armette and
formette. For several years the motorette went through development and design improve-
ments but remained basically the same. Two of these improvements were rather signifi-
cant. First, in a study by the Navy, it was found that the Class H terminal block was
allowing excessive current leakage under high humidity; this was solved by substituting
porcelain and standoff insulators. Second, an almost two-to-one savings of space and
weight were realized when John Dexter’s smaller motorette design was adopted; the cur-
rent design is shown in Fig. 5.

During this time physicists and chemists such as Dr. Dakin were making a closer
study of the basic phenomena of thermal aging of electrical insulation. In 1948, he
published a paper [6] proposing a chemical rate theory interpretation of thermal deteri-
oration. This was a logical proposal since the observed physical changes during the
thermal aging are the results of internal chemical change. It not only provided a more
satisfactory explanation, but also allowed a more correct coefficient of deterioration
than was permitted by the 10-degree rule. This more descriptive relationship is

L = AeBT

where T is the absolute temperature and A and B are constants determined by the activa-
tion energy of the particular reaction (or log L = logA + B/T). Thus, plotting the log of
the life of the insulation against the reciprocal of the absolute temperature should pro-
duce a straight line. . This relationship was generally confirmed except where second and
higher order chemical reactions enter into the aging phenomena.
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Fig. 5—Assembled motorette specimen with
varnish treatment

PHILOSOPHY OF THERMAL CLASSIFICATION

During the past two decades much experimental work has been done to investigate
the concept of temperature classification of magnet wire insulation, based on the possible
linear relationship between the logarithm of life and the reciprocal of absolute tempera-
ture, as first observed by Dakin [6] to follow the Arrhenius chemical deterioration rate
equation. Before this, the only available method was to assign temperature classifications
based solely on the types of materials. This obviously left much to be desired.

The IEEE and ASTM, recognizing the significance and value of an evaluation method
that was suitable for use in the laboratory under accelerated test conditions and yielded
extrapolated data suitable for field classification purposes, sponsored development of the
necessary test procedures. However, any accelerated laboratory test procedure for
evaluating life-temperature characteristics of insulation can produce no more than com-
parative values on various insulations. Because of this limitation, one of the basic require-
ments is to establish hours-oflife reference values necessary to convert the laboratory
life values of the various insulations into temperature ratings for field use. For example,
insulation “A’ has been proved through field experience to have earned a temperature
rating of 105°C for a normal life expectancy of 15 to 20 years. This same insulation
under laboratory test yields an extrapolated life of & years at 105°C. Based on this
information, a newly developed insulation “B”, which also yields b years of extrapolated
life at 105°C, would also qualify for the same temperature rating. In like manner, if
insulation “‘C” yields 5 years of extrapolated life at 130°C, it would qualify for a 130°C
temperature rating.
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It i3 only logical, then, that this reference life value should evolve from an insulation
for which there is already adequate field experience. In addition to the field experience,
adequate laboratory data must be available on the same insulation. Both industrial and
Government laboratories have, over the past 20 years, accumulated much data on poly-
vinyl format coated magnet wire, using IEEE and ASTM test procedures [7]. This
wealth of laboratory data confirm actual field experience on the same wire and provide a
basis for establishing reference lifelines for realistic temperature classification of film-
coated magnet wires.

Most field experience with polyvinyl formal magnet wire has been with equipment
impregnated with phenolic varnishes. This experience has firmly established a 105°C
temperature classification for this wire, On the other hand, laboratory tests have indica-
ted that at 105°C polyvinyl formal enameled wire, impregnated with the same varnishes,
vields an average extrapolated life of 40 000 h (approximately 5 years). This value is based
on many governmental and industrial laboratory tests with test temperature points ranging
from 130°C to 200°C. It is recognized that due to many variables throughout the various
laboratories, a wide range of extrapolated life values does exist. This range has a spread
of from 30 000 h to as high as 90 000 h, depending on many such factors as the faith-
fulness to the test procedure, the test temperature range, and the particular phenolic
varnish used. However, enough data were on hand at the time to set a minimum average
life value of 40 000 h. The Naval Research Laboratory and Navy Ships Research and
Development Laboratory have investigated well over 200 film and varnish combinations
in the past 20 years, accumulating life-temperature data in many cases of well over 10 00¢
h at the lowest test temperature. Figures 6, 7, and 8 illustrate some of the NRL investiga-
tions that support the 40 000+ life figure for polyvinyl formal magnet wire impregnated
with phenolic varnishes.

It is generally recognized that some manufacturers find the need to rate their film-
coated magnet wires thermally, based on unvarnished temperature-life data. To make
this kind of classification requires that an equivalent standard be established for un-
varnished film-costed wires. The field-proven “benchmark” magnet wire {polyvinyl
formal) yields an extrapolated life of 20 000 h at 105°C when tested unvarnished under
the referenced test procedures, as illustrated in Fig. 9. Again, this figure was established
by both governmental and industrial laboratory test and offers a basis for establishing
a reference classification lifeline equivalent to the 40 000-h lifeline for varnished wires.

If equal thermal life could be expected from varnished and unvarnished film-costed
wires, one common lifeline could be used for classification. However, experience has
shown that this is not always the case. In a number of cases varnished wire yields a
two-to-one, or better, life over unvarnished wire. See Figs. 9, 10, and 11 for typical
examples. This two-to-one difference is significant in the case of polyvinyl formal coated
wire {Fig. 9) inasmuch as it has been the one magnet wire (used in varnish-impregaated
electrical equipment) with enough years of field experience to earn a rating of 105°C.
Therefore the Navy, for one, has expected all new magnet wire coatings to meet the
laboratory test benchmark reference lifeline of 40 000 h at the claimed temperature
rating.
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formal magnet wire impregnated with phenolic-type varnish
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Many of the newer polyester-type magnet wires either yielded the same thermal life
or were downgraded when treated with an impregnating varnish. Because of this, opinion
was that the new film-coated magnet wires should be thermally rated using a common
varnished-unvarmished lifeline of 20 000 h which had been established by unvarnished
polyvinyl formal magnet wire at 105°C. All current evidence dictated a 40 000-h classi-
fication lifeline for rating film-coated magnet wires to be used in varnish impregnated
rotating electrical equipment. The issue was debated for several years in an attempt to
justify the varnished-unvarnished reference standard of 20 000 h. As newer, higher
temperature magnet wires appeared on the market the Navy continued to rate them on
the basis of the varnished polyvinyl formal field experience benchmark. In the meantime,
however, industry was recommending a rating of about 10°C higher to their buyers than
would be justified on the basis of the polyvinyl formal field experience benchmark.

After 15 years’ use of the now common modified polyester (with and without top
coat) magnet wire for use at 180°C, the evidence now points to a “satisfactory” field
experience record at this operating temperature. A “satisfactory” record has been de-
fined as one that does not include an undue number of negative reports or complaints
against the product when used as recommended by the supplier. If the polyester-
overcoated magnet wire is considered on the same basis as polyvinyl formal (as far as
having earned a satisfactory field experience record is concerned), it likewise becomes a
benchmark candidate. Fortunately, the Navy has adequate laboratory life-temperature
data to set the lines for varnished as well as unvarnished tests. The data indicate that
aging tests were conducted at low enough test temperatures to produce lives well above
10 000 h, and even 15 000 h in some cases. The state of the art in recent vears has pro-
duced even more reliable aging data than was available when polyviny! formal magnet
wire was being laboratory evaluated for the purpose of setting benchmark values. When
the laboratory test data for the modified polyester-overcoated magnet wire are plotted
(Fig. 12), it can be seen that if the 180°C extrapolated operating temperature is con-
sidered, the reference lifeline becomes 20 000 h for the magnet wire when varnished with
typical polyester varnishes used to impregnate rotating electrical equipment.

When the combined laboratory test data for the motorette systems employing the
same modified polyester-overcoated magnet wire and class 155 varnishes are plotted
(Fig. 13) a lifeline of 20 000 h yields 184°C, as compared to 182°C for the varmnished
magnet wire twist tests. This 2°C higher extrapolated temperature for the motorette
tests provides a somewhat more conservative estimate for selecting 180°C as the appro-
priate qualifying temperature at 20 000 h. In considering this correlation between twist
and moterette test data it should be noted that the motorette data were obtained using
the Navy’s version of the IEEE 117 Test Procedure which employs a humidity cycle of
100% relative humidity with no visible condensation. (Approximately half the life can
be expected if 100% relative humidity with visible condensation is used, as stipulated in
the IEEE 117 procedure.) It is also important to note that the motorette insulation sys-
tems tested were “supported” systems. This means that the phase and ground insulations
support the magnet wire, allowing turn-to-turn first failures to reflect the life of the
magnet wire component in the system.

15
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When thermal aging tests are conducted on the same magnet wire unvarnished, the
temperature index moves up from 186°C to 186°C at 20 000 h, as shown in Fig. 14
This higher rating for the unvarnished magnet wire reflects a thermal downgrading due to
the varnish. Fortunately, this is offset by the mechanical bonding and the sealing out of
contaminants, which often are critical factors. It has been found that certain higher
temperature varnishes, such as the siticone-modified ones, do not downgrade the thermal
life but instead upgrade it by as much as 12°C, as illustrated in Fig. 15 and 16, Un-
fortunately, these varnishes have a considerably lower bond strength characteristie, which
renders them unsatisfactory for many applications.

When the newly established polyester magnet wire benchmark of 20 000 h is applied
to the varnished polyvinyl formal magnet wire thermal aging data, it shifts the thermal
index rating from 105°C (at 40 000 h) to 1156°C (Figs. 17 and 18). The 105°C tempers-
ture index was more ot less arbitrarily chosen for the polyvinyl formal before field ex-
perience dictated it. Therefore, the higher figure of 115°C may be an appropriate rating
that would have been justified in the same manner as the 180°C rating for the polyester-
overcoated magnet wire. In fact, there is now evidence that the 105°C polyvinyl formal
rating may be a conservative figure. European motor manufacturers have been rating poly-
vinyl formal well above 105°C (at 120°C) for many years [8], and in this country the
transformer industry {9} has done Likewise.

THE NEED FOR THERMAL EVALUATION PROCEDURES

As a purchaser and user of insulating materials, the Navy naturally has a keen interest
in both the development and the end use of functional test procedures. The Navy
realized that proper development and use of these procedures would greatly benefit both
industry and military.

The purpose of thermal endurance tests may be divided into two general categories,
as follows:

1. To aid in selection and procurement of insulating materials for electrical equip-
ment that will achieve maximum reliability at minimum cost

2. To provide engineering data that will ensure the fullest use of the potentials of
these materials when used in combinations, as systems, in electrical equipment.

In reference to the first purpose, the Navy must use the best available means of
screening insulating materials for military purchase and usge. One of these means is
temperature classification of materials based on thermal evaluation tests. Since there are
existing materials that have been accepted for certain temperature classifications based on
long-time field experience, the life-temperature characteristics of these materials determined
by test provide a basis for comparison with the thermat life of new materials. The reasen
for assigning these materiais to definite temperature classes is to provide this means of
comparison and to designate each class by a single number for purposes of standardization.
To accomplish this, the Navy must set concrete and definite limits based on careful con-
sideration of the many factors involved.
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As for the second putrpose of test procedures (to provide engineering data), the
Navy recognizes that the thermal endurance characteristics of insulating materials may not
correlate with the performance of those materials when combined in systems. This was
recognized as much as 15 years ago, when an article was published reporting the thermal
investigations of 13 insulating systems functionally evaluated by use of the motorette
[10]. Following are quotations from this article:

1. “It has become apparent that the thermal stability of various components is in-
fluenced by the aging characteristics of the companion components of the system. The
useful life of organic varnished glass phase material can be increased as much as 900% by
the proper selection of the magnet wire.”

9. “The interrelationship of the individual components and their influence on the
first failures of a system is a critical factor in determining the aging characteristics of the
system.”

This important interrelationship was dramatically Hlustrated several years later during
the IEEE 117 round robin test program, when a neoprene-treated tie cord was used in the
fabrication of the motoretie test specimens {11}, The incompatibility was a reaction
between the neoprene and the polyvinyl formal magnet wire, causing erratic ant premature
wire failuves fo occur under the tie cord.

Tt is recognized that a wide variety of results can be obtained, depending on such
factors as the test procedure followed, the faithfulness by which the procedure is cartied
out, and the various test conditions empioyed.

Thermal evaluation data can provide a good indication of minimum performance
requirements, whether it be on materials for the purpose of screening and purchasing or
on complete systems for gaining engineering design data for equipment specifications.

Military Specification MIL-E917D (Navy), covering the basic requirements of electri-
cal power equipment for naval shipboard use, explaing clearly the differences between
materials classification and systems classification. Paragraph 35.1.10, in particular, says
that “a material that is classified as suitable for a given temperature may be found suitable
for a different temperature, either higher or lower, by an insulation system test
procedure.” It is further pointed out in par. 35 2 that “experience has shown that the
thermal life characteristics of composite insulation systems cannot be reliably inferred
solely from information concerning component materials, "

Navy experience has shown that materials testing of such components as film-coated
magnet wire and impregnating varnishes provides a better basis for temperature classifica-
tion than other supporting materials because the performance requirements are not too
different in most applications. This was supported by the report on the 13 systems
mentioned in Ref. 10. In fact, it was shown that where the phase and ground (slot} in-
sulation supported the magnet wire (allowing the magnet wire to fail first), there was
reasonably good correlation between the wire insulation life of the system and that
obtained by the ASTM D2307 Twist Test. It should be pointed out here that the
motorette procedure used was the Navy’s version of the IEEE 117 procedure, emplaying
a highly controlled humidity cycle using 100% relative humidity without visible conden-
sation.
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Because of the consistency of aging data that can be obtained by careful adherence
to the ASTM D2307 procedure and the modified IEEE 117 procedure, it was determined
that material classification by temperature classes was feasible for purchase specification
purposes such as those outlined in the J-W-00117 specification [12]. It must be remem-
bered, however, that this was done only after rigid rules on use and interpretation of the
data were specified. For example, extrapolation is allowed only after realistic and appro-
priate requirements have been met in regard to linearity and other factors such as
maximum and minimum average life data.

DEVELOPMENT OF EXPERIMENTAL EQUIPMENT
Magnet Wire Twist Test Procedure

During the early stages of development and use of the twisted pair magnet wire pro-
cedure (IEEE 57) the method required handling each individual specimen throughout the
prescribed heat aging and voltage stressing cycles. Thus, for a temperature-life data experi-
ment with four temperature points a minimum of 40 specimens presented a problem of
handling and experimental processing.

Two variables (both mechanical) were unavoidably introduced by the individual
handling of the specimens as they were removed from the container (which was in the
form of a box, tray, or wire basket), placed on the voltage stressing apparatus, and later
returned to the container. The first was possible damage due to the handling itself, and
the second was adhesion damage experienced with some magnet wires when specimens
were placed together or on top of each other in the containers. Adhesion of the wires
was due to the plastic flow of the wire coating during the earlier stages of thermal aging.
This resulted in actual rupture of the insulating film as the specimens were pulled apart
at room temperature for voltage stressing.

As a solution to these problems the muitiple twist specimen holder, shown in Fig.
19, was developed at NRL. The holding fixture permits mounting the specimens in
fixed, permanent positions, thus protecting them from these damaging conditions. The
assembly can be handled as one unit, eliminating the need of a container or tray. It
offers other advantages as well. The open sides of the frame provide more adequate cir-
culation of air than a box or similar container. Also, the time required to voltage stress
the specimens is reduced to one-tenth of the conventional time required if the stressing is
done with a multiple tester such as the one designed at NRL for use with the holder (see
Fig. 20). A study conducted at the Naval Ships Research and Development Laboratory
[13] comparing several variations of the NRL twist specimen holder shows little if any
significant difference in the results obtained,

An additional contribution was made to the magnet wire twisted pair test procedure
in the refinement of the original specimen forming jig. The NRL forming jig, illustrated
in Fig. 21, allows for a more uniform and faster method of making twist specimens. It
was discovered that the angle at which the wire was formed as it left the twisted portion
of the specimen was a variable contributing to premature failure of the insulation. The
use of the forming jig not only drastically reduces fabrication time but also almost entirely
eliminates handling of the specimen during the process.
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Fig. 19—NRL multiple-twist-specimen holder
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Fig. 20—NRL multiple-twist specimen voltage-stress tester

Fig. 21—NRL twist specimen forming jig

27




BREANCATO, JOHNSON, CAMPBELL AND WALKER

One major limitation to the magnet wire twisted pair test procedure was the original
twist-forming apparatus, which worked satisfactorily only with film-coated wire. When
attempting to make fibrous-covered magnet wire twisted pairs, the xough covering of the
two adjacent wires would bind and rupture the insulation, Because of this problem
thermal aging of fibrous-covered magnet wire has not been required by government and
industry specifications.

The solution to this problem was to design a speciat universal twist-making device
for use with fibrous as well as film-insulated wire (Fig. 22). In use of this device, a loop
of wire is suspended vertically with individual weights attached at the two free ends,
guided by two plastic pulleys. Unlike the original device the weights rotate freely, allow-
ing twists to be formed without any grabbing or binding of the wire.

Thermal aging tests were conducted on film-insulated magnet wire twisted pairs
made using both the original and the new type of device to compare the resulting aging
data. The tests indicated that the thermat life was the same regardless of which device
was used. Thus, it was concluded that the device was suitable for making twisted pairs
from either type of insulated magnet wire.

Motorette Test Procedures

Although the IEEE 57 (later adopted by ASTM as D2307) magnet wire fest pro-
cedure proved to be a significant contribution to screening and classifying magnet wire
according to temperature classes, it is limited inasmuch as it is no more than a materials
or compornent evaluation. Except for magnet wire-varnish combinations, it does not take
into consideration the interrelationship of other materials and the functional life reflected
in a complete insulation system. The IEEE 117 motorette procedure [14} was developed to
meet the need for a more functional systems evalustion procedure. The motorette models
the elements of a randomly wound motor. Its components consist of two bifilar wound
magnet wire coils so that conductor-to-conductor electrical tests can be made. The two
coils are inserted in a slot section and are insulated from each other by sheet phase material
and from the motorette frame by slot liners. Slot wedges are placed in the slot, compressing
the coils together to reduce coil motion, Details of parts and assembly may be found in
the IEEE 117 Test Procedure. Because of the unavoidably complex nature of the
motorette procedure, it involved many more variables and consequently presented many
experimental problems that had to be solved before it could be considered reliable and
useful.

Standardization

After the original round robin motorette test program was conducted to check cor-
relation beiween laboratories using the IEEE 117 Test Procedure, it became apparent that
the test results were not very closely in agreement. The reasons for poor correlation
were difficult to determine because there was no certainiy as to the identity of materials
used or the degree of faithfulness to the procedure. Yet it was necessary to determine
the limitations of the procedure’s accuracy if the relatively high cost of the procedurs
was to be justified. The Naval Research Laboratory contributed to the investigation of
the variables by conducting an analysis of the motorette specimens used by each
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Fig. 22—NRL universal {wist making device
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laboratory in the round robin [15]. One motorette from each of the nine participating
laboratories was obtained for thorough examination, to determine significant differences
as well as any fundamentally poor construction that might contribute to the lack of cor-
relation.

The nine motorette specimens examined are illustrated in Fig. 23. Figures 24, 25,
and 26 show an enlarged cross section of the slot portion of each motorette. The small
motorettes “D” and “E” were submitted by laboratories that did not participate in the
round robin. Due to a move of its laboratory and a change in its activities, one partici-
pant in the motorette tests was unable to submit a sample. It is to be noted that these
samples were submitted 2 years after the round robin tests began; and in some cases
the motorette was manufactured from whatever materials were on hand and most closely
simulated the original specified components. Because of this, one should place more
emphasis on the placing of materials and other structural details than on the particular
materials employed. Some of the more significant vartations inchuded:

Wire: 14 to 19 turns; loose to very tight pack in slot.

Varnish: 0.05-0.25 mm (0.002-0.010 in.) build; very light to very dark; poor
to very good penetration into slot.

Phase: Very loose to tight fit to slot liner; some “folded in,” others “notched”
to fit slot.

Slot liner: ©O- to 9.5-mm {0-3/8 in.} protrusion from slot.

Sleeving: Noue, organic varnished glass, silicone varnished glass, vinyl over glass;
some sleeving placed in slot.

From the results of the analysis, it was concluded that significant assembly and
manufacturing differences do exist and may contribute to poor correlation among labora-
tories,

Although the motorette was designed for functional evaluation, it must be kept in
mind that it is subjected to far more severe environmental conditions in an accelerated
test program than an equivalent motor insulation system would ever experience in normal
use. Hence, even small deviations in construction or departures from standard procedures
are amplified in their effects. Personnel directly associated with the manufacture of the
motorettes must be aware of the more precise techniques required as compared with
those of the usual production line product.

For a number of years the Navy has conducted a continuing research program,
sponsored by the Navy Ships Engineering Center, on the various parameters influencing
the thermal aging properties of electrical insulation systems. As the ramifications of this
study were so numerous, NRL invited the Naval Ships Research and Development Labo-
ratory {(NSRDL) to share in the research work. in the interest of maintaining uniform
accuracy in the joint experimental work, it was decided that a series of comparison
studies would be conducted to determine the degree of correlation between two sets of
life-temperature data, ohtained at NRL and NSRDL, on a Navy standard insutation system.
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A typical Navy Class 105 insulation system was used for the motorette specimens.
The system consisted of polyvinyl formal magnet wire; organic varnished glass phase; and
organic varnished mica-glass ground materials. The system was impregnated with an oil-
modified phenolic varnish. Identical materials were used by the two laboratories, and
each fabricated its own specimens. The IEEE 117 Test Procedure was followed except for
modification in the moisture cycle. The Navy version of the procedure used 100% rela-
tive humidity with no visible condensation in place of the 100% relative humidity with
visible condensation called for in the IEEE 117 procedure. It had been determined
several years earlier that no practical method was available that assured uniform and con-
sistent visible condensation. (The Navy was currently developing a humidity cabinet in
an attempt to solve this problem.)

Both laboratories, cognizant of the susceptibility of errors due to the many variables,
established stringent control over the parameters, The significance of this control is '
evident in the high degree of data correlation between the two laboratories. The NRL
data are plotted in Fig. 27, and the NSRDL data in Fig. 28,

Humidity Conditioning Cycle

During development of the motorette procedure the Working Group concentrated
on one main endeavor, which was to seek out and correct various factors influencing the
test results. Probably the most critical factor with respect to both reproducibility within
one laboratory and correlation between laboratories is the humidity conditioning cycle.
The IEEE 117 procedure stipulates that “each specimen is to be exposed for at least 48
hours to an atmosphere of 100% relative humidity with visible condensation on the
winding.” Experience has shown that to maintain this condition consistently throughout
the conventional “plus-dew” chamber is extremely difficult, An exchange of experiences
among various laboratories revealed that due to such factors as loading, chamber degign,
and room ambient variations there has been a wide variance in humidity conditions,
ranging {rom heavy condensation to no visible condensation on some specimens.

In an attempt to find a practical solution to this problem, the IEEE 117 Working
Group asked the Navy to devise a chamber that would meet the following requirements:

1. Provide a uniform and consistent visible condenstaion throughout the test area of
the chamber

2. Perform independently of room ambient fluctuations

3. Be completely self-contained so as to not require external plumbing or wiring
4. Accommodate up to 60 motorette specimens at one time

5. Be capable of passing through a standard 30-in. (0.75 m} door

6. Be reasonable in cost,.
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chamber to be in a temperature-contralled room, as a conventional dew-plus chamber
must be. The interior of the chamber was so designed that aj! maotorette specimens would
be the same distance above the water bath and below the roof of the chamber, so that

Figure 33 shows the rack of motorette specimens placed in the drawer with the
four-pronged quick-disconnect plugs in place. After the desired exposure to moisture, the
Specimens are connected to g test stand by cables that lead to the receptacles on the

stand iltustrated uses an improved NR L-designed test circuit that allows all components of
10 motorettes to he stressed simultaneously.

After the research and development on the condensation chamber was completed and
& commercial model made available, the Working Group embarked on a second round

In reporting on the second round robin, the Working Group stated ““that it is
possible to obtain interlaboratory reproducibility with the proposed IEEE 117 Procedure.”
In spite of the refinements and established controls, however, the test procedure in two of
the six laboratories varied enough that the results were considered outside the “test
family.” Because of this the Working Group cautioned that “inter—laboratory tests must
insist on rigid adherence to test methods in all details if uniform results are to be
achieved.”
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Fig. 29—Artist’s cutaway view of condensation chamber

A further defailed study of the operating characteristics of the condensation chamber
was then conducted by the Navy. A time-dependent ratio of surface to bulk absorption,
which varied with the degree of thermal aging, was discovered. This phenomenon is
illustrated in Fig. 36, which compares the insulation resistance of a new motorette with
that of an aged one. Thus, caution should be exercised in adhering to the operating
condensation chamber operating specifications recommended in NRL Report 7469 [16].
As a result of this study, a minimum exposure time of 48 h was recommended, with
the difference in temperature between the motorettes and the air 25.5 mm (1 in.) above
maintained at 1°C.

A round robin test was then conducted between NRL and NSRDL to investigate the
degree of correlation that can he expected between two separate laboratories using the
condensation chamber as a moisture conditioning method. To eliminate variables other
than those contributed by the moisture conditioning cycle, both sets of motorettes were
fabricated and thermally aged at NSRDL. One set was transported to NRL after each
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Fig. 30—Pilot model of NRL condensation chamber

aging cycle, to be exposed to vibration, humidity, and voltage stress cycles. The resulis
demonstrate that good correlation can be obtained between laboratories if the condensa-
tion chamber is used under rigidly controlied conditions. Details of the test conditions
and a breakdown of the data analysis are presented in Table 1. Plots of the regression
lines, log average lives, and 95% confidence limits are given in PFigs. 37 and 38.

The main advantage of the condensation chamber with iis controlled visible conden-
sation is the approximately 2:1 savings in testing time for a given test temperature as
compared to the Navy’s method of no visible condensation. This advantage allows one to
test 10°C to 15°C closer to the assigned classifying temperature of the insulation system
for the same test duration. For example, if when meeting the requirement that the
lowest test temperature be no more than 20°C above the classifying temperature, the
Navy method produces an average life of 10 000 h. The condensation chamber method
would require only 5000 hours average life. In many circumstances, particutarly in pri-
vate industry, this 50% saving in testing time can be most importani.
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Fig. 31—Block diagram illustrating basic principle of
condensation chamber

Fig. 32—Specimen drawer and set of 10 motorette specimens mounted on open rack

Since the Navy has already produced the great bulk of its motorette data over the
past 20 years using the no visible condensation condition, and equipment designed for
this method, it does not plan to make this major change at this time. However, the Navy
does plan to consider using the condensation chamber in the future as more background
experience and data are acquired on the newer, higher temperature insulation systems.
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Fig. 33—Rack of motorette specimens in specimen drawer, with
guick-diseonnect plugs in place
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Fig. 34—Test stand and cables used with condensation chamber for voltage
stress of motoreties
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Table 1—First Failure Data*
180°C 160°C 140°C
Parameter
NRL | MEL" |[NRL | MEL | NRL MEL
Mean life (h) 169 175 569 569 2169 | 2074
Upper confidence limit 178 185 570 570 2290 | 2194
Lower confidence limit 160 165 568 568 2045 | 1958
Log average life 171 174 555 577 2181 | 2050
Arithmetic average life 174 176 5568 585 2150 | 2054

Percent of standard deviation | 17.0 15.2 11.6 15.9 9.5 74
Average standard deviation of | 15.2 17.0 16.1 16.8 10.9 | 10.2
all Components

Average number of cycles 8.7 8.8 8.6 9.0 11.2 | 10.7
to failure

Types of first 4 2 5 4 7 5+ T-T Top
failures and 5 4 6 7 8 6 T-T Bottom
number of each 2 4 0 0 4 2 Phase
type 4 7 2 0 6 3 Ground

*The humidity cycle was 64 h; minimum drying time, 7 h. Heat aging cycles were 20, 65, and 192 h, with
corresponding aging temperatures of 180, 160, and 140°C.

* Marine Engincering Laboratory, now NSRDL.

$'T-T means turn-to-turn.
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TREATMENT OF DATA

Calculation for Placing Regression Line

A complete method for caleulating the mean regression life-line, confidence limits,
regression line comparisons, and other statistical observations for thermal life data is
found in IEEE Standard 101-1972 [17]. However, for convenience the following
method of calculating the regression line alone can be used when confidence limits and
other auxiliary information are not required. It is outlined in IEEE Standard 101A-1974,

which is an appendix to Ref. 17.

When the method of least squares is used, constant ¢ and slope & of the regression
line may be derived by the following equations:

g = zY-bZx
=~ (1)

_NIXY-IXZ Y
N=X?_(=Xx)y?

b (2)

where
X = reciprocal of the temperature, in ketving
N = number of end-point values {hours of life} used in the calculation
Y = logarithm of the hours of life at a given temperature.

When this is solved for constant ¢ and slope b of the regression line, femperature {
{in degrees Celsius) can be calculated by

- 273. (3)

For convenience, it is suggested that the log values for 20 000 h (4.3010 for logy
and 9.9035 for log,) and 1000 h {3.0000 for log;, and 6.9078 for log,) be used for Y in
Eq. (3). Either log;y or log, may be used, depending on the calculator used. These
values will provide enough space between the two temperature-point values for accurately
drawing in the regression Iine and are also conveniently located on the log hours scale.

Table 2 can be used in making the calculations. It gives the commonly used test
temperatures in degrees Celsius, their reciprocal values in kelvins, and the squares of these

reciprocals.
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The sample calculation in Table 3 uses data for NRL twist combination 10, which
is found on Sheet 1, Column 3 (listing number) of Table Al. The hours-of-life data
represent the fifth and sixth failures at each test temperature, using the recommended
median truncated data method. However, the formulas can also be used for any number
of end-of-life measurements at any number of test temperatures. The calculated regression
line and the individual hours-of-life data points at each test temperature are given in Fig.
39.

Table 2—Temperatures and Equivalents

Temperature X X2 Temperature X X2
(°C) (X108) (°C) (X108)
105 0.002646 7.0013 185 0.002183 4.7655
125 0.002513 6.3152 190 0.002160 4.6656
130 0.002481 6.1554 200 0.002114 4.4690
140 0.002421 5.8612 220 0.002028 4.1128
150 0.002364 5.5885 230 0.001988 3.9621
155 0.002336 5.4569 240 0.001949 3.7986
160 0.002309 5.3315 250 0.001912 3.6567
165 0.002283 52121 260 0.001876 3.5194
170 0.002257 5.0940 280 0.001808 3.2689
175 0.002232 4.9818 300 0.001745 3.0450
180 0.002208 4.8708 320 0.001686 2.8426
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Fig, 39—Calculated regression line and fifth and sixth hours-of-life
failure points at each test temperature for twist comhination no. 19
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Table 3—Sample Calculation

. 2
Temperature Life X v XY
C) (h) X (X108)
140 5548 0.002421 5.8612 3.6212 0.020872
140 5884 0.002421 5.8612 8.6800 0.021014
160 2410 0.002309 5.3315 7.7874 0.017981
160 2744 0.002309 5.3315 7.9172 0.018281
180 960 0.002208 4.8753 6.8669 0.015162
180 1046 0.002208 4.8753 6.9527 0.015352
b 0.013876 32.1360 46.8254 0.108662
N =8
- DY-bIX 468254 - (8154)(0.013876) _ . ...
N 6
p - NEZXY - IXXY¥ _ (6)(0.108662) - (0.013876)(46.8254) _ . .,
NIX? . (zXx)? (6)(0.000032136) - (0.013876)2
b 8154 .
- = _ = 11
£ (@t20000h) = " = ooneE + 11,0538 ~ 279 6°C
b 8154 .
= = - = C
£ (at1000h) = 5= = o078 + 11.0533 ~ 278 ~ 181

Extrapolation Problems With Nonlinear Life Curves

The fact that problems exist when one attempts to extrapolate data from
accelerated thermal aging tests to temperatures in the operating range has been recog-
nized by experts since the early days, when thermal aging tests were first considered as a
method for evaluating the thermal life of electrical insulation. More than 25 years ago
Dakin [6] pointed out that “if more than one chemical reaction proceeds simultaneously,
and if these reactions have different temperature coefficients, a plot of the logarithm of
the reaction rate constant or the time to reach a certain state of deterioration against the
reciprocal of the absolute temperature may not fall on a straight line.”
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By 1959 more than 10 years of accumulated data proved that the experts were cor-
rect in their early warning that all thermal life data could not be expected to fall on a
straight line. The Navy, for one, reported that in its study of motorette systems {107 it
found a break in the aging curve at 200°C for polyester magnet wire used in five dif-
ferent insulation systems tested over 3 years. This proof of nonlinearity is graphically
illustrated in Fig. 40. At about the same time, Saito and Hino [18] reported “that the
relation between log {life} and 1/7 is not always a straight line.” Their statement was
based on finding a break in the aging curve, all at the same temperature, for a given
film-coated magnet wire when comparing four different thermal evaluation methods.
{Seec Fig. 41.}

By this time several questions were squarely before us. For example: How near the
operating temperature need the lowest test temperature point be to reasonably assure us
that there is no break in the life curve? If a break appears in the curve at the test
temperature range, what should determine whether the data are to he disqualified for
extrapolation purposes? Can any other method of determining expected thermat life be
considered more reliable? These and other questions were the basis for confusion and
many misconceptions in the electrical insulation industry.

Even though extrapolation may lead to inaccuracies, the fact remains that it is the
best and most practical approach available today. It is clearly better than attempting ta
make evaluations using general chemical classifications or using rule-of-thumb methods
like the 8- or 10-degree rules. It is obviously far more practical than waiting 10 vears or
longer for field service trails before recommending or approving a new wagnet wire for
a particular application. So, if extrapolation is desirable, it is essential to make it on the
most accurate basis possible while still taking a reasonable and practical approach to the
problem. With this goal in mind, procedures were outlined in the J-W 001177 Military
Specification [12]. Here the designated thermal stability test is ASTM D2307. The
lowest temperature test point must have an average life of not less than 5000 h and the
highest not less than 100 h. The spread between successive temperature points must be
at least 20°C, except where certain exceptions are allowed. Should the highest tempera-
ture point obtained yield less than 100 h average life, an additional point 10°C lower
may be obtained. Extrapolation to determine the classifying temperature (femperature
index) is based on the regression line of the three lowest temperature points.

Where nonlinearity exists the procedure graphically illustrated in Fig, 42 is followed.
The permissible departure from a straight line is gauged by the difference between the
extrapolation of the two lowest temperature points and the regression line of the three
lowest points. The differences are measured based on an arbitrary reference line of
40 000 h. (This is not a temperature classification line.} When the extrapolation of the
regression line of the three lowest points intercepts the reference line at a point that
exceeds both 20 000 h and 15°C over that obtained by extrapolating from the two lowest
temperature points, an additional temperature point is to be obtained. The time differ-
ence (measured vertically downward from the intercept point) and the temperature
difference (measured horizontally along the 40 000-h reference line) are represented by
distances A and B respectively in Fig. 42. This additional temperature poiat is to be
located at least 10°C below the lowest existing temperature point. To keep the testing
time as reasonable as possible, the procedure allows the additional point to be located
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Fig. 40—Aging characteristics of polyester-type magnet wire
eriamels used in five Navy motorette insulation systems
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Fig. 41—Comparison of four methods of thermal aging tesis
using A-formal magnet wire [18]

10°C above the lowest existing temperature point if that point represents an average life
of more than 6000 h. However, if it is less than 6000 h the point must be located at
Jeast 10°C below that point. After the additional temperature point is obtained, the
highest temperature point is discarded; the extrapolation is then based on the regression
line of the three lowest points,

This method for handling and interpreting the thermal-life data of electrical insula-
tion appears to offer a good middle-course approach to the overall problem. The pro-
cedure is practical and simple and has been specifically designed to meet the needs of
electrical insulation evaluation. During the development of this graphical method of
testing for acceptable linearity a rather detailed application study was made uging the
mathematical linearity test outlined in the IEEE 101 standard. In several cases the IEEE
101 method rejected data for nonlinearity while the Navy’s graphical test passed the data
as acceptable. One consideration the Navy graphical method makes that the IEEE 101
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method does not is where the lowest temperature point causes a break in linearity in the
upward direction. From a practical engineering point of view an upward break in the
line contributes to a conservative estimation of life when the regression line of all three
temperature points is extrapolated. This can clearly be seen in Fig. 43, where the Navy
test accepts the data and the IEEE 101 test rejects it. Figure 44 illustrates a case in
which both the Navy and the IEEE 101 test reject the data. Figure 45 is another
example -of the Navy test accepting the data while the IEEE 101 test rejects it. In this
last case the line breaks downward but does not exceed the limit differences in extrapola-
tion (15°C and 20 000 h at the 40 000-h reference line).
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Fig. 43—Example of identical motoretie aging data accepted by the Navy
linearity test and rejected by the IEEE 101 linearity test
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Truncating Data to Shorten Thermal Aging Tests

The standard thermal aging tests for insulation materials (motorette tests and magnet
wire twist tests) call for aging 10 specimens until failure at each of three or four tempera-
tures to obtain a life-vs-temperature curve. Valuable time can be saved if a valid estimate
of the life at each temperature can be made from data truncated at fewer than all 10 speci-
mens. A statistical analysis was made, using 50 previous thermal evaluations, to study
the validity of three different truncated-data methods [19] : the log average of the times
for the fifth and sixth failures (method A), an estimate from a probability-plot fit to the
first five failure times (method B), and simply the fifth failure time (method C). The
methods were found valid, with method A the most and method B the least accurate.

All regression lines found by using method A fell within the 95% confidence limits of the
complete, or nontruncated, data method, and 90% of the results from the other two
methods fell within these limits. If method A had been used when the aging tests were
performed an average of 7.4 weeks, or 16.5% of the experimental time, could have been
saved with a loss in accuracy of less than 1%. Methods B and C would have saved an
average of 10.4 weeks, or 21.7% of the time, with a loss in accuracy of less than 2%.

1t should be pointed out here that due to the intrinsic characteristics of the test proce-
dures, experimental error itself is conservatively estimated at between 5% and 10%. This
alone lends strength to the validity of the truncated data method and its use as a time-saving
mechanism.,

As an extra precaution regarding the use of truncated data, a later investigation was
made of more aging tests, using data from some newer magnet wire insulations not in-
cluded in the earlier study. Some of these wires yielded a wide spread of data at each
temperature point (up to 50% standard deviation) and nonlinear life curves with
unusually wide confidence limits. Others exhibited very linear life curves and reasonable
small spreads in data (10% to 20% standard deviation) resulting in extremely narrow con-
fidence limits. In all cases truncated data method A gave regression lines that fell well
within the required limits of accuracy (0.20% to 1.78% error), and the aging time saved
ranged from 3 months to 1 year and 4 months. This additional study furnished conclusive
proof that the median (fifth and sixth failure) truncated data method is valid and can cope
with such extremes as highly nonlinear or widely dispersed data.

As a result of these studies it is recommended that aging tests using ASTM D2307
and IEEE 117 procedures be stopped after the sixth specimen has failed. This is
especially desirable for the lower test temperatures, at which it would take many months
or even years to obtain all 10 failures. In circumstances in which accurate confidence
limits are required for the regression line, the ali-data regression analysis method is used.
However, a reasonably close approximation of the confidence limits can be calculated
by performing the confidence limit portion of the regression analysis on the basis of 10
failures at each test temperature. This is done by simply substituting the “N* value for
the number of specimens that were under test (N = 30 in place of N = 6 for a three
temperature point aging experiment). Also, a “student t” value, appropriate for the num-
ber of specimens under test and the percent confidence limit desired, is used. In the sev-
eral cases in which confidence limits for all the data were compared with those for the
truncated data confidence limits, the percent of error did not exceed 3%.
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AEROSPACE WIRES

Application of Thermal Evaluation Principles to
Aircraft Wires

Functional evaluation by the accelerated procedure was also used to determine
service-temperature ratios for insulated power cable and hookup wires used in military
aircraft. The program was begun at the request of the Air Force and was continued for
the Bureau of Naval Weapons Airborne Equipment Division. The results provided a
technology that will considerably reduce weight and bulk in today’s aircraft and missiles.
To do their part in this effort, electrical engineers must use every available bit of infor-
mation in designing equipment and circuits to meet these low weight and butk require-
ments. Yet in the interest of preservation of a very sizable investment, they must alse
exercise good judgment in designing to maintain reliability in these cirguits throughout
the life of each vehicle. Thus, in designing circuit wiring, particularly to carry temporary
overloads and pass through high-temperature zones, they must have more information
than is now available on deterioration rates of wire insulations, so that they can safely
cope with heating conditions above the normal operating temperature ratings of the
wires. For expedient application to these design problems, it was determined that such
information would be most useful as a graph of wire life vs temperature, accompanied
by a simple formula for summing up the deterioration of successive heating cycles to
determine the net life of the wire.

To place these objectives on a firm foundation, required a determination of whether
the philosophy of functional evaluation and the chemical deterioration rate equation
could be universally adapted to describe the characteristics of the many materials and
construction variations in insulations used in the aerospace industry for power trans-
mission and hookup wires. By a comprehensive study of one class of wire {MIL.W-5086)
in its many types of construction forms (using polyvinyl chloride as the primary insula-
tion), the feasibility of this approach was confirmed, Extending the methods to other
wire classes using materials such as silicone rubber and polytetrafluoroethylene further
confirmed that the degradation rate principles could be applied, and it was demonstrated
that various constructions of a particular class of wire could be individually described.

Summary curves of each wire specification group that was studied in this program
are presented in Fig. 46. The 10 000-h intercept temperatures presented in Table 4 were
taken from these curves and were used to describe the classifying temperatures for each
wire insulation grouping described in the respective military specification.
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Fig. 46—Graph summarizing ranges of life-
temperature curves of military specification
wires

Table 4—Intercept Temperatures

Average Classifying
Military Specification Temperature at 10 000 h

(°0)
MIL-W—5086A 115
MIL-W-8777A 185
MIL-W-7139A 235
MIL-C-25038 270
MIL-W-16878C, types E and EE 290
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Cyclic Temperature-vs-Life Calculations

Maost wires in aircraft will, in actual service, operate at a variety of temperatures
caused by intermittent current loads and changing ambient conditions. The curves of
Fig. 46 can be used to predict the effects of this temperature cycling on insulation hife.
To compute the life for any heat aging cycle, we find it convenient to treat the relative
aging in the manner suggested by Sumner, Stein, and Lockie [20]. This method assigns a
factor of unity to the operations at any temperature other than the reference tempers.
ture. The relative rate of deterioration is inversely proportional to the computed thermal
life at that temperature,

Dividing the logarithmic expression of the chemical rate equation at reference
temperature Ty by that at operating temperature 7'y, one obtains the equation of the
aging factor-vs-temperature curve as expressed by Whitman [21]:

Lg 1 1
log R =logl— 1 =Bl -

or
where
R = relative aging factor
B = constant of the material
Ly = life at reference temperature Tg

L, = life at operating temperature T
Tg» Ty = temperature in kelvins (°C + 273).

Consequently, a relative aging factor-vs-temperature curve derived from a straight-line
life-temperature curve is also a straight line when plotted on the same coordinate paper,
but has a slope of opposite sign. Thus, when the regression curve of life vs temperature
for a wire is available, aging time at one temperature is to converted to the eguivalent
aging time at another temperature by applying the relative aging factor principle.

Suppose we wish to use a wire having the life-temperature curve illustrated in Fig.
47. The life at 105°C is 10 000 h. Figure 48 is the curve of the relative aging {actor
vs temperature, derived from Fig. 47. The factor is 1.0 at 105°C, the rated maximum
continuous temperature of this fictitious wire.
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Applications

Once the regression curve of life vs temperature is established and the curve of the
relative aging factor vs temperature is derived, it is possible to predict the effects of
temperature cycling on the life of the insulation. An example of the application of this
principle to reduce wire weight would be the selection of the maximum wire size for an
aircraft electrical circuit required to carry cycles of temporary overloads, such as during
landing gear operation. Suppose the specifications require that the reduction in life of
the wire due to the overload must not be less than 20% of the life af the rated tempers-
ture, and the following performance conditions are specified:

1. Normal current at rated temperature of 105°C (MIL-W-50864, type I wire}
2. Allowable current during overload state
3. Portion of operating time at overload state = 5%.

To find the maximum steady-state temperature to which the wire insulation can be heated
during the overload cycle, lef

time of operation at 105°C

time of overload state = 5% of total time

L
et
]

T; = temperature at overload state

K
[

= relative aging factor at Ty

percent life at rated temperature of 105°C.

[y

=]

fon)
I

Expressing the total life available as
tg + Rty = 100%,
and the specified minimum life as
to + t, = 80%,

solve for R; by substitution:

(80 - t;) + Ryty = 100

G4
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If we assume that the curve of relative aging factor vs temperature in Fig. 29 represents
this type of wire, temperature T, at R; =5 is 128°C. The maximum wire size that does
not exceed a temperature of 128”C while carrying the specified overload current can then
be selected (from the time-temperature-current curves representing this type of wire) and
installed.

The overload cycle in this example has been treated as rectangular in waveform,
assuming that the time of temperature rise is relatively short in comparison to the total
time at the maximum temperature during the overload. The problem of a transient
temperature rise of a relatively short duration, such as might occur due to a circuit fault,
can be solved similarly by expressing the temperature rise and fall vs time as exponential
curves. The relative aging time of the cycle would then be calculated by integrating the
curves of the instantaneous relative aging vs time.

Three different experiments were conducted in this program with the heat exposure
cycles at different schedules and temperatures, and in each test the R-value as calculated
in the above example was experimentally verified. Thus, it was demonstrated that it is
possible to apply the relative aging factor calculation to convert aging temperature cycles
to equivalent aging at any one temperature and thus predict the life of wire for cycling
service conditions. When overloads, causing rises to higher temperatures, occur in known
service cycles, it is possible to calculate the number of cycles that can be safely expected
of the wire.

FUTURE WORK ON PROBLEMS IN NEED OF SOLUTION

Today thermal aging technology is approaching maturity and is being used by both
industry and government in insulation systems design and materials specifications. The
universality of application, however, means not that the problems have all been
eliminated, but merely that the need is so great that an imperfect tool is better than
none,

In the main, what has been accomplished to date is the development of test proce-
dures that define and simulate a functional model of the insulation system of interest,
and correspondingly of the appropriate environment and failure criterion. These proce-
dures have permitted the development of standards for obtaining index ratings of
materials and classifications ratings for systems. This obviously aids and encourages
design of new systems.

While progress in thermal aging has been sighificant, the problems remaining are

equally significant. The authors commend the following four areas for continued explo-
ration,
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Humidification

The humid environment is still one of the most troublesome to simulate and equsily
difficult to standardize. Industry has used humidification with condensation with
resulting large scatter in results. The Navy, in the effort to reduce the spread in data, has
used humidification without visible condensation, While the latter has yielded repro-
ducible results, it has been at the cost of increased testing time. This impasse was
resolved in the IEEE 117 Working Group with the development of the condensation
chamber previously described. While this provides considerably improved humidification,
problems remain. Some of these problems are the ratio of surface humidification to bulk
humidification, the duration of humidification, and the method of measuring. When
these questions are answered, some standardization of humidification can take place.

Failure Criteria

Failure criteria may have to be broadened for specific use; aging phenomenon may
not always dictate the end of life of insulation systems. Voltage breakdown due fo sur-
face tracking or corona, mechanical rupture or deformation of insulation, and deteriors-
tion due to an inimical chemical or to dust environments may well determine the end of
useful life before full thermal degradation sets in.

Duzration of Tests

Testing at present takes entirely too long and is too expensive. Some aging resulis
are influenced by the overly high temperature of tests, at which chemical kinetics are not
the same as at operating temperatures. Work should now furm to measuring the degrada-
tion near or at operating temperature for a relatively brief period (hours or a few days}
and integrating the rate over the expected life of the system.

Combined Environments

In addition to the thermal environment, insulation life is affected by such other
environments as chemical fumes, vacuum, and radiation. The advent of the nuclear and
space age has injected the parameter of radiation into design consideration. It is imper-
tant to know and be able to measure the effects of radiation on the electrical and life
properties of insulation. These effects are not always predictable because radiation
induces simultaneously two opposite events in a polymer; on one hand it links polymer
chains together, increasing the molecular weight by “cross linking,” while on the othex
hand the polymer chain is fractured by “chainscission,” causing degradation. The rate
balance between these two events determines if a material improves or degrades in some
specified characteristic. However, this equilibrium point is alse a function of temperature.
Thus, while a material at a given temperature may be improved in some of its characteris-
tics by radiation, the same material under the same radiation conditions may degrade if
the temperature is changed.
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This was demonstrated by Campbell [22] when he exposed magnet wire to gamma
radiation, then aged the wire at a given temperature. He repeated these exposures on
similar wires but combined the environments; the results were very different. For
example, the simultaneous aging at high temperatures in gamma radiation of a polyimide,
a polyvinyl formal, and a polysiloxane produced considerably longer lifetimes than
simple thermal aging at the same temperature. On the other hand, polytetrafluoroethylene
deteriorated much more rapidly under simultaneous heat and radiation,

This means that test conditions must be designed to simulate service environments,
if results are to be meaningful. The synergism of heat and radiation cannot be over-
looked. While radiation was used as the second environment in illustrating this point, this
applies to any combination of environments. Effort should be devoted to expanding test
procedures toward combined environments where physical, chemical, mechanical,
humidity, vacuum, and radiation conditions, etc,, are singly or in combination the prime
cause of failure,

In conclusion, one can infer that the posed questions in themselves reveal the
tangible and considerable progress that has been made in this field. The statement of
remaining problems is not so fundamental as to suggest that little has been done; they are
on the other hand specific enough to reveal the considerable command the profession
has in thermal aging. It is hoped that satisfaction with the present state of the art will
not delay or set aside investigation of these and other related issues.

CONCLUSIONS AND RECOMMENDATIONS
As a result of this study the following conclusions and recommendations are made.

1. The magnet wire twist and motorette insulation systems procedures have had
sufficient successful history, in both industrial and governmental laboratories, to be
continued as standard procedures,

2. The humidity cycle is a reliable diagnostic tool in determining the end of thermal
life of motorette insulation systems. However, the following considerations should be
taken into account.

a. Specimens should be exposed for at least 60 h when humidity without
visible condensation is employed. However, the minimum exposure time can be reduced
to 48 h when condensation chamber is used.

b. Years of Navy experience have proved that humidification without visible
condensation provides a reliable method for obtaining uniform and reproducible results in
evaluating a wide range of insulation systems,

¢. Where overall aging time is to be minimized, humidification with visible
condensation is recommended provided the IEEE 117 Test Procedure is strictly adhered to.

3. The median method for truncating data has been proven valid; it saves substantial

aging time (up to 20%). It is strongly recommended that this time saving method be used in
future thermal aging studies.
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4. As a result of recent field and laboratory experience the Navy’s classifying life-
line benchmark should be established at 20 000 h, in lieu of the original 40 608 h, when
considering data from the magnet wire twist test and the motoretie procedure using
humidification without visible condensation,

5. In future work the following should be pursued.

a. Most electrical insulation is, in reality, subject to combinations of aging
factors, such as voltage and temperature or radiation and temperature. It is strongly
urged that an adequate understanding of the physics and chemistry of aging be acquired,
so that multistress aging can be predicted and evaluation procedures developed.

b. The interrelationships or mutual influences of materials in the presence of
others should be studied. Experience indicates that properties of combined electrical
insulations do not necessarily reflect the characteristics of each material separately.

¢. It is recommended that more sensitive measuring techniques be explored.
"This should be aimed at assessing the rate of aging close to the operating temperature
and to shortening test periods {possibly to one month}.

d. Further study of humidity should be pursued, particularly in the areas of
surface-to-bulk ratio effects, simplifying procedures and increasing reproducibility.

e. With a better knowledge of aging phenomena, possible nondestructive evalua-
tion procedures should be explored and developed,
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Appendix A

USE OF COMPUTER READOUT TABLES Al AND A2

Table Al provides information on the computer regression analtysis of temperature-
life data for magnet wire twist evaluations, and Table A2 provides the same information
for motorette systems. As an aid to finding specific magnet wire combinations or
motorette systems in the two tables, indexes are furnished. The first column of the
index lists the sheet (page) number of the table and the second column the listing
number for each twist combination or motorette system. The fourth and fifth columns
list the index key numbers to the generic names of the magnet wire insulations and
varnishes used in each twist combination and motorette system. These are given in
Tahles A3 and A4. Each sheet of Tables Al and A2 has 12 listing numbers, 6 on the first
line of the top half and 6 on the first line of the bottom half, In colummns under these
nurabers are given the three lowest test temperatures {1, 2, and 3), the 95% lower-only
confidence Hmit at these three temperatures, and the mean regression line hours for
temperature 3 {{furnished to aid in plotting the regression line]. Below this are the
regression line temperature index values for 20 000, 30 600, and 40 000 h, along with
the corresponding values for the lower-only confidence limit,

While 254 twist combinations and 62 motorette systems are tisted in Tables Al and
A2, the number evaluated was greafer than this. Many of the eartier evaluations did not
meet the more stringent requirements later set forth by the Navy for thermal evaluation
of electrical insulations, particularly in terms of the minimum hours of life at the lowest
test temperature and the additional temperature points required for exfrapolation when
the aging data did not meet the linearity requirements. In addition, some of the twist
combinations and motorette systems were used in special side studies, and this data did
not lend itself to the type of processing suitable for the tables.

It will be noted that in Tables Al and A2 the 95% lower-only confidence limits
were calculated and listed in favor of the 95% upper and lower confidence Himits. This
was done, as recommended in IEEE 101, because it is more meaningful to determine to
a 95% degree of confidence the lower bound of the mean regression life at a given
temperature. Since the lower-only confidence limit vields a longer life at a given temper-
ature (or a higher temperature for a given life} for the same degree of confidence than &
two-sided confidence limit it is more favorable to use the lower-only limit.
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification

Sheet Listing Combination Wire Varnish AWG
Number Number Number Insulation Size
1 1 8 A NONE 20
1 2 9 A 2A 20
1 3 10 A 2B 20
1 4 46 A 2D 20
1 5 5O A 2F 18
i 6 51 A 2F 18
1 7 b2 A 2F 18
1 8 11 A BA 20
1 9 47 A 2D 20
1 10 135F A 2A 18
1 11 135B A 2A 18
1 12 135C A 2A 18
2 13 09 B-1 2A 18
2 14 18 B-1 NONE 20
2 15 17 B-1 3A 20
2 16 18 B-1 3A 20
2 17 45 B-1 4A 20
2 18 65 C-1 NONE 20
2 19 66 C-1 4A 20
2 20 67 C1 10A 20
2 21 123 C-1 NONE 20
2 22 124 C-1 4A 20
2 23 125 C-1 NONE 20
2 24 126 C-1 4B 20
3 25 127 D-1 NONE 20
3 Z6 71 B-4 NONE 20
3 27 72 B-4 4A 20
3 28 73 B-4 10A 20
3 29 68 D-2 NONE 18
3 30 69 D-2 4A 18
3 31 70 D-2 10A 18
3 32 98 D-2 NONE 20
3 33 99 D.2 10A 20
3 34 82 D-2 4R 18
3 35 100 D-2 4E 20
3 36 161 D-2 4E 20
4 37 83 D-2 (2 DIPS) 18
4 38 272 G-1 NONE 20
4 39 273 G-1 4E 20
4 40 274 G-1 4D 20
4 41 275 G-1 5E 20
4 42 276 G-1 4C 20
4 43 277 G-1 2C 20
4 44 278 G-1 4F 20
4 45 198 D-2 5C 20
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification {Continued)

Sheet Listing Combination Wire Varnish AWG
Number Number Number ingulation Size

4 46 119 D-2 5D 20
4 47 321 G-1 NONE 20
4 48 322 G-1 NONE 20
5 49 373 G-1 9A 19
5 50 340 G-1 NONE i8
5 51 341 G-2 4E i8
5 52 342 G-2 2K 18
5 53 343 G-2 6B 18
5 b4 344 G2 104 18
5 55 303 H-1 11A 20
5 56 305 H-1 NONE 20
5 57 308 H-1 NONE 20
5 53,4 307 H-1 NONE 20
51 59 308 H-1 NONE 20
5 60 309 H-1 4E 20
8 61 310 H-1 4E 20
6 62 381 H-1 4F 20
6 63 382 H-1 9A 20
8 64 259 G-4 NONE 24
8 65 260 G4 4E 20
6 66 261 G-4 10A 20
8 a7 262 G-4 TA 20
13 68 263 G-5 NONE 20
8 8% 264 G5 48 20
6 70 285 G-b 10A 20
6 71 266 G-5 TA 20
g 72 283 G-5 6B 20
7 73 285 G-5 6B 20
7 T4 286 G-5 6B 20
7 75 267 G-6 NONE 20
7 78 268 G-6 4E 26
T 77 269 G-6 10A 20
T 78 2970 -6 TA 20
7 79 287 G-6 8B 20
7 80 288 G-6 2D 20
7 81 253 Pl 4E 26
7

7

7

8

8

8

8

8

]
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification (Continued)

Sheet Listing Combination Wire Varnish AWG

Number Number Number Insulation Size
3 92 234 P-2 10A 20
8 93 235 P-2 6B 20
8 94 236 P-2 41E 20
8 95 295 P-2 TA 20
8 96 302 P-2 TA 20
9 97 06 B-2 BA 20
g9 98 24 B-2 NONE 20
9 99 25 B-2 2A 20
9 100 19 B-3 NONE 20
9 101 015 B-3 4B 20
9 102 016 B-3 2A 20
9 103 86 H-1 NONE 20
2 104 87 H-1 10A 20
9 105 89 H-1 10B 20
9 106 90 H-3 10B 20
9 107 21 H-1 13A 20
9 108 271 H-1 4R 20
10 109 206 H-1 NONE 20
10 110 201 H-1 10A 20
10 111 208 H-1 13C 20
10 112 76 H-2 NONE 20
10 113 88 H-2 13B 20
10 114 294 H-1 10A 356
10 115 279 E-2 4E 20
10 116 280 E-2 10A 20
10 117 281 E-2 2D 20
10 118 282 E.2 6B 20
10 119 289 E-2 NONE 20
10 120 301 E-2 TA 18
11 121 298 41 NONE 24
11 122 299 J-1 NONE 24
11 123 345 K-1 NONE 18
11 124 346 K-1 4E 18
11 125 347 J-2 2D 18
11 126 348 K-1 6B 18
11 127 349 J-2 10A 18
11 128 350 L-1 NONE 20
11 129 351 L-1 2E 20
11 130 352 I-1 4R 20
11 131 353 L-1 TA 20
11 132 354 L-1 10A 20
12 133 355 L-1 6B 20
12 134 325 M-1 NONE 18
12 135 327 M-1 6B 18
12 136 329 M-1 10A 18

73




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Index to Computer Data Sheets {Table A1} and Twist Sample Identification {Continued}

Sheet Listing Combination Wire Varnish AWG
Number Number Number Insulation Size
iz 137 330 M-1 TA 18
12 138 371 M-1 10A 20
12 139 372 N-1 10A 20
12 140 374 M-1 NONE 20
12 141 3756 M-1 NONE 20
12 142 363 H-4 NONE 18
12 143 364 H-4 4F 18
iz 144 365 H-4 10A i8
13 145 217 H-5 NONE 20
i3 146 237 O NONE 20
13 147 238 g 13121 20
i3 148 239 i TA 20
13 149 240 0 4E 20
13 150 241 0 2D 20
13 151 242 o 10A 20
13 182 338 0 12A 20
i3 153 290 H-10 NONE 20
13 154 291 H-10 NONE 26
i3 155 185 i NONE 20
13 156 186 1 104 20
14 157 188 i 4B 20
14 158 189 i 14A 20
i4 159 313 I NONE 20
14 180 314 I NONE 20
14 161 315 1 NONE 20
14 162 319 I 4E 20
i4 183 300 M-2 TA 20
14 164 254 M-2 NONE 24¢
14 165 255 M-2 2D 20
14 166 256 M-2 10A 20
14 187 257 M-2 6B 28
14 168 268 M-2 AE 20
15 169 132 H-1 NONE 20
i5 170 133 H-1 13B 18
15 171 148 H-1 BA 20
15 172 177 H-1 13C 20
i5 173 293 H-1 104 32
15 174 139 E-1 NONE 23
i5 175 140 E-1 2C 23
15 176 141 E-1 10A 23
i5 177 154 F-2 NONE 20
15 178 155 F.2 10A 26
i5 178 156 H-1 NONE 20
15 180 157 H-1 9A 20
15 181 158 H-1 104 26
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification (Continued)

Sheet Listing Combination Wire Varnish AWG
Number Number Number Insulation Size
e |
16 182 159 H-1 6B 20
16 183 160 H-1 4E 20
16 184 292 H-1 10A 28
16 185 95 D-3 NONE 20
16 186 26 D-3 10A 20
16 187 97 D-3 4A 20
16 188 108 D-3 NONE 20
16 189 109 D-3 10A 20
16 190 57 B-7 4D 18
16 191 84 H-3 NONE 20
16 192 85 H-3 10A 20
17 193 92 H-3 13A 20
17 194 366 L-3 NONE 20
17 195 368 L4 NONE 20
17 1986 370 L-5 NONE 20
17 197 367 L-2 NONE 20
17 198 b5 B-7 4D 18
17 199 56 B-7 4D 18
17 200 101 ] NONE 20
17 201 102 ] 4A 20
17 202 103 ] 10A 20
17 203 104 T NONE 20
17 204 105 T 10A 20
18 205 106 u NONE 20
18 206 107 U 10A 20
18 207 116 U NONE 20
18 208 117 S 4A 20
18 209 118 s 10A 20
18 210 119 T NCNE 20
18 211 120 T 10A 20
18 212 121 U NONE 20
18 213 122 U 10A 20
18 214 130 Q NONE 20
18 215 131 Q@ 2C 20
18 216 136 B-6 NONE 20
19 217 137 B-6 2C 20
19 218 138 B-6 6C 20
19 219 2 W 10A 18
19 220 3 W 4D 18
19 221 34 'Y NONE 18
19 222 o7 v 10A 20
19 223 013 v 2A 20
19 224 014 Y-1 10A 20
19 225 12 Y-1 NONE 20
19 226 13 Y-1 6A 20
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification (Continued)

Sheet Listing Combination Wire Varnish AWG
Number Number Number Insulation anu Size
19 227 i4 Y-2 NONE 20
19 228 1o Y2 10A 20
20 229 010 Z-1 BA 20
20 230 22 Z-1 8A 20
20 231 58 Z-2 NONE 18
20 232 59 zZ-2 ZA 18
20 233 60 Z-2 2C 18
20 234 a1 Z-2 8A 18
20 235 62 7Z-2 10A 18
20 236 30 Z-3 NONE 18
20 237 81 Z-3 2G ig8
20 238 0117 X 10A 18
20 232 018 X 2A i8
20 240 022 X 24 20
21 241 023 C-b BA 20
21 242 024 C-b 10A 20
21 243 23 C-b NONE 20
21 244 31 B-5 NONE 20
21 245 32 BB 2B 20
21 246 41 B-5 2A 20
21 247 43 c-2 4% 20
21 248 44 C-2 NONE 20
21 249 74 R NONE 20
21 250 75 R 15A 20
21 251 78 Y-2 108 20
21 252 T% Y-2 NONE 26
22 253 i28 C-4 NONE 20
22 254 129 C-4 2C 20
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Table Al—Computer Readout Data, (Sheet 1)

LISTING NUMBER 1 2 3 4 5 &
CuMBINATIUN NUMBER g g 10 a6 50 51
3 LUOWEST 1 120 130 140 140 140 t 40
FEST 2 140 140 160 160 160 160
FEMP ERATURES 3 1 60 160 180 180 180 180
Ldtie AVG. LIFE 1 7644 tusd4 5714 47683 3364 4216
Al TEsT 2 2000 43¢0 2572 1587 756 1558
TEMP « CHRS ) 3 552 1402 1002 756 612 568
Y54 LeCelotNLY 1 6903 9412 5532 4209 2318 4136
VAL UESCHR S ) 2 1918 4543 2332 1691 1066 1492
@lEMP 3. 132&3 3 527 1268 975 663 363 565
MEAN fEG. LINE 3 55 4 1357 1042 720 455 579
20s 000 HIUR  TEMF « 1NDEX 107 120 115 113 107 114
FEMP e VAL +C C) LeCels 104 11y 113 109 58 113
30,000 HJIUR  [Edr« LWDEA 102 115 10y 106 100 107
TEWir e VAL eC C) LaCuls 9% 113 105 102 79 106
40,000 HAUR  TEMF« LNOEX 94 111 103 1Ul 95 103
IEMPe VALC C) LaCable 95 110 100 37 74 102
LISTING NUVMBER 7 5 2 10 11 12
COMEBINATIUN NUMBER LY 1t 47 135F 1358 135C
3 LOUWEST 1 140 1 40 140 1 40 40 140
(ST 2 160 160 160 160 160 160
TEMMERA TUKES 3 1540 150 150 180 180 180
LdGe AVGe LIFE 1 3400 ti2ld 5277 6039 4692 5365
AT fEST 2 1564 51 62 3696 1452 1284 1365
FEMF e CHR Do) 3 564 1096 1173 634 612 503
I54 LelelediLY ! 3330 10555 7947 44 34 3905 47728
VAL UESCH<D ) 2 1373 RN 304 S 1630 1 a4 1446
QlErirs. lsgad 3 26U 1051 1137 54% 507 442
“EAN siEue LINE 3 &8UL L2 1265 &19 565 430
205000 HIUR  TEMP«LA0EA 10 133 125 120 115 120
TEMPe VAL« €3 LaeCoeblas 104 1ey 122 115 110 115
U 00U HMUUN  JEmr e LaDea 1u1 27 114 114 108 115
e s vaL« O () Lelleia Ea lzti 114 104 103 112
AJs U0 mJur L e LyUEA 24 13 Il 1uy 104 111
Tevir s vl 0} LaCels P 117 1uy 104 9y 103
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Table Al—Computer Readout Data, {Sheet 2} {(Continued}

LIsTING WUaSER 13 T4 [ I & [ i
Cum3INaTldy HumseEx J9 i6 by e 49 A0
3 LduiEnl 1 16U | R=3V} 16U i&0 taur P
FEst 2 Ty =uIN) lau Lau 2idd 22
FEMeP kA Tuss s 3 2ud 2idd zul 20 A 2 v
Lige BVEs LIFE i 12735 #31= 2ol [ ETH iu3daqa Lsin
Al fusi =4 43 4 3FL 6 Yas Y332 35 ad Zh 4
TeEmP« {da. ¥ 3 274z D5 SZnn Jiita Fhed =
Fos lefabiorih ¥ 1 igala F208 23134 23211 L= 5 [ R %24
VAL UES(HRS. 3 =4 5264 2419 g lug o ¥=R%-1 A Lita
@lEMP e o243 3 2224 526 2656 #2631 S82 2i3
MEAN KEGe Lok 3 25U 662 2994 suvl U et
20,000 Aaur  TEMr « INODEA 153 173 Las 165 [ 1ag
e e WALL( L2 La0aLs [R=14] 16y 63 fad tod 196
302000 Hdux TEwmr o« LA I 4d i 68 I o8 159 f~Ya) {44
TaviP s VALeC( 3 Loeoliele L4l 163 125 1ot 162 to2
44U UUU HE Ut e « LNUEA 1au 145 23 194 162 [
TEMP« VALY 0} Leslsbs T34 ihe b ol 152 [ o138 igd
LISFING NUMBER 19 (0] 21 22 23 s4
COvMBINATIIN NUMBER a6 &7 123 L2 g 129 126
3 LUWEST i 200 19 “2und 240 200 20U
[EST 2 220 200 L= 22t 22U A2
fEMPERA TURKED 3 & 22 =4l 240 Al 2 40
Ldgs AVGs LIFE 1 jUS76& 140U 12270 8136 Lo557  fdsl
AT TEST 4 KN 6234 1425 24813 L ag Lav¥6
TEMP s (ARD ) 3 465 3190 KIS g Sh4 Aty
o4 LellsbiodiiY i 146 [I5l6 TUT33 daiz thAuy Fass
VAL UES{HRDe ) 2 2347 Tin b 1607 sube ARt L5
BT Ss L22&3 3 a4z 2669 ené &40 & 4t} S
MEAN KREGs LINE 3 383 Jutt 28 & 343 45941 AT
202000 Hotik  TEar « ENDES 195 181 194 ivu L96 o
TEMP. vAL«{ C) LaeleLos 31N i 193 tda 133 1o
30,000 Hdur TErlP « LNDER iva i 14 9y 153 Bl [sa
TEMir e VAL{ CF LaCobs td 4 i 6% &7 183 o [
A1, 000 Hark  TEMC . INDEA sV 169 158 (8924 P40 tes
Tiodrs VAL e{ £ LeCobs 141 163 1d6 179 is> tsu
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Table A1—Computer Readout Data, (Sheet 3) (Continued)

LISTING NUmBER 25 26 27 24 29 30
COMBINATIUN NUMBER 127 71 78 3 64 &9
3 LUWEST 1 20U 130 184 200 190 130
TEST 2 Y20 200 200 220 200 200
TEAP ERATURES 3 240 220 20 240 220 220
LyGs AVG. LIFE 1 3509 45882 27772 7403 13933 20606
AT TEST 2 16 45 3925 4357 2047 4493 2744
TEME « (HRS ) 3 408 2572 2y 59 102 1342 1352
95% LeCoelobtiLY 1 9488 22008 16374 6532 10711 13014
VAL UESCHR S ) 2 1846 6418 6191 543 5221 3726
@IEMP 3. 132&3 3 407 1213 1724 93 1071 845
MEAN KEG. LINE 3 404 1544 2332 141 1249 1099
205000 Hdurx TEMP«INDEX 191 187 182 194 184 178
TEMP VAL«C C) LeCoLas 191 132 176 168 151 173
30,000 HIUR TEMP.LNDEX 187 158 175 191 179 173
TEMF e VALC C) LeCels 187 175 167 184 176 167
40,000 HBUR  TEMP « INDEX 18 4 178 171 188 176 169
TEMPs VAL«C C} L.CelL- 184 170 161 182 172 162
LISTING NUMBER 31 3g a3 34 as 36
COoMmBLiNATIdN NUMBEKR 70 9 9y 852 100 161
A LYwWEST i 20U 200 200 200 200 200
TEST @ 220 220 220 220 220 220
TEMPFERATURES 3 240 240 240 240 240 240
LdGs AVie LIFE 1 69 59 J036 97048 6501 7632 6644
AT Tesi 2 1492 8y g 2356 1534 2356 2251
TEMP e (Hi$Se ) 3 BU3 S04 360 247 624 576
95% LaCaLodaLY 1 4929 5605 9333 6267 7480 6485
VALUESCHRS. ) 2 1832 2153 1845 1250 2119 1927
WTEMP S 152&3 3 565 457 350 “al 614 S66
mAN REGs LLINE 3 674 | a9 2713 ADE 615
20000 AJUR TEMF« EADA 11 191 193 119 187 185
e e vAbL«C €)  LaCoLe 173 lebds 191 166 185 1583
3Us000 HIUR  Tremb e LaUES 14 17 159 184 141 179
[Eire WALeC )  LaCela 165 153 146 152 130 177
405,000 HuUr  TE@Fs LaUEA 170 163 1486 151 177 175
TEvP s AL« ¢ () LeCot.s 160 179 ig33 174 115 1792
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Table A1—Computer Readout Data, (Sheet 4) {Continued)

LISTING NUMBER 37 34 37 40 41 42
COMBINATIUN oUMBER 43 212 273 274 295 2716
3 LawEST i 200 iJ0 [V} P90 120 PPU
TESFE 2 Za2u Zuig zul 200 200 200
TEMPERATURES 3 240 224 220 220 221 220

LdiGs AVGEe LIFE i $101 Fa71d 9477 1630y 1id7T¥y  Liudy
AT TESY 2 2337 3122 Hou 42y 83t g2t ?
TEMP « {ddSe ) 3 396 i a2a 2t 4 126y 1996 PR32
5% LaGabediNlY i e PE&TT1R 3494 Paciy 12004 11183
VAL UES(AKS« ) 2 1791 7285 5704 Taoz E2F 6 6387
eTEMPSs 15243 3 g4 1383 1924 1201 469 P23
MEAN REGs LINE 3 445 P47t 2094 1317 17243 2970
205000 HOUR TEMP« [NDER 190 159 178 149 1o ig3
TEMPs VALS{ G LeCobo» 188 gy 176 [£.2.3 g2 §.13)
30,000 Adgur TEMP «INDEX ige id4 172 i85 180 LR
TEMPs WAL«€ ) Le.Cols gz 183 169 183 176 173
405000 HEUr  TEMF . ITNUEA g2 181 167 182 176 173
TEMPs vAL.C CY  LeColos 179 150 163 180 i7z 158
LISTING NUMBER 43 44 49 46 47 48
COMBINATION WUMBER 2717 273 [Bd-S 199 321 3ze
3 LUWEST 1 190 fyu 200 200 |34V 90
TEST 2 200 2aa 220 220 200 200
TEMPERATURES 3 £20 220 240 240 229 220
LOGs AVG. LIFE i 108t 16710 5520 5520 16943 12974
AT TEST 2 6138 2202 1332 1932 TA3F 319t
TEMP e (AR5 3 1491 14 4% slé 464 ttal 1080
F57% LeCebl oty i 10422 18737 3392 3358 16785 9630
VAL UES{HRS. ) 2 5463 ULy 1663 1525 61712 4515
GTEMPS. 12243 3 1368 1714 2608 455 14 838
MEAN REG. LINE 3 1334 191 550 S08 i19a @95
20,000 reur  TEMP « INDEX 152 I8y igeg 183 idy g3
TEMP e VAL+{ C) LeGCals 150 g8 179 idt 188 181
30,000 HAUr TEMP.INUEA 177 184 176 Y 185 179
TEMP. VALs{ C¥ LaCebe 174 182 173 174 134 175
40,000 HIUR TEMP« INDEX 1713 130 172 173 132 tTé
TEMP« VAL.C C) LeCebs 170 179 167 1 &y igt e

8O
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Table Al—Computer Readout Data, (Sheet 5) (Continued)

LISTING NUMBER 49 50 31 b2 53 54
COMBLHATION NUMBER 373 340 341 342 343 344
3 LUWEST 1 1530 200 200 200 200 200
TEST 2 200 220 220 220 220 220
TEMPERA TUKES 3 220 240 240 240 240 240
LuGs AVGe LIFE 1 8954 17009 628 474 1 12471 64t
AT TEST 2 3262 3269 1505 1797 3269 2765
TEMP e {HKS) 3 1092 1085 720 595 1085 917
95% LeColoedNLY I 8437 Ioa4aty 49 57 4630 11833 6027
VALUES(HRS.? 2 29485 3157 1754 1633 3386 2372
WTEMPSe 122&3 3 1ug2 87y 270 542 1u2s 870
MEAN REGs LINE 3 1134 848 649 615 1060 273
20,000 HuUR  TEMP«INDEA 166 19y 179 L6 193 1380
TEMP « VAL« ¢ (09} LeCels 164 196 175 174 [ 176
JVs 000 HYUK [EMF« ITNOEA 1 by 123 173 170 197 173
i« VAL C 0D LeCal.a E57 191 16g 167 idé 1 64
40,000 HuUR FEMP « INDEX 153 10 I 6% L &5 143 1 &8
TEMre wvAL«C () LeCol 123 17 163 [ 1o 16
LIsTloNG NuMBER 95 bé 57 S8 =] Al
CUvgInATEIN NS E R K VK] 3us U6 307 3G+ Ve
3 LIwEST 1 260 26U ZaU 26U X 2 A0
_ s f 2 250 26U 2a4 230 2n0 250
FEMPErA TURE S 3 3uY 3Uu 30U 500 RIvie] 300
LdGe AViue LIFE 1 4044 L2559 12559 2936 6573 3109
AT TEST 2 836 2140 2464 1272 F12 I 540
TEMP s (H S5 ) 3 Seld 720 A0 b4 il 12
0% L:Q-L-QNLY ; 42371 Tuuées 11215 Batd REENNK 3odg
E%Luuo(dma-) 2 E5u2b 2482 2t | W) [ 246 b4
WIEPoe 1aal 3 49 6 575 A2 3471 S13 16
vibEAd Repge LINE 3 D67 & [t A3 al 134
‘%Q:OOU‘HQUN\ f&mHTINOEA 237 223 233 243 241 A
[k e Vial e € c) Lellabl « =31 250 ¢ 2o Ay ~31 215
Qu;uuu Huux TEMP « LNDEA 23U 24 295 R 2a6 A
TEMFP» VAL «C ) LeCabs =y 245 297 R Py A
405 00U HuuR  ThErir« LADEX 226 244 245 241 23« 202
TEmPe VAL C ©)  LaleLe 219 241 243 235 240 20U
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BRANCATG, JOHNSON, CAMPBELL AND WALKER

Table Al—Computer Readout Data, (Sheet 6} {Continued)

LisTing NudioiErs 61 & 63 &4 2%} 60
COomMBiNATIAN NumdEr 31u aet 362 299 <ty 261
3 LJWEST I 264 22U 224 20 2ul 2ul
TEST 2 el 240 2440 220 220 220
TP ERATURES 3 300 26U 260 24U 24U 24
LGs AVG. LIFE 1 2312 11972 1447%F =5¥s3  tuddy 21534
At TEST 2 7486 F 376 {42 g9 Zoudd D6FF
TEMP s (HES ) 3 370 308 S2e L4775 [=4=1V) 2184
Pk LeCobeddNLY t 22U5% Plog¥ 1371t 176 3% 3657 1246}
VAL UES(HKS ) 2 Jug duié BB 1Ué4l Jtu3d &124
GTEMF S 12243 3 355 2163 5065 4904 o7y P59
MEAN REGs LINE 3 35 4 3643 5611 5ot [y 20d2
200 QU0 HE Ul  TEMP « INDEA 220 204 211 204 {8 20U
[EvF e VAL { T3 LaCobs 215 191 204 22Uy tg 4 [ a2
JUSU00 rHUR TeEeP . IN0EX £13 ig4 197 193 150 [
FEMP . VALLC ) LeUsls 2ud t#t =153 | 3-2 [ 193
405 JU0 HJIUR  TEME « [NDEX 208 113 1gg 146 P74 LU
Tewik s VAL.C 03 LeGeLes QU3 158 P77 {d ti2 1 2-1.1
LLIsFinid NuiBER &% 63 &9 T Tt -
CUmd Laa Pl dumBER 268 263 264 26 266 283
J Luwedt I Zuid Ul 2uU 208 21U 20U
Tt 2 220 220 220 22U Zad 22U
Trar ErA TURES 3 2 240 244 240 Zat &4

Lds AViE. LIFE i 322 30343 {2dby 27134 15332 26846
AT TEST 2 S424 2825 22 PG 13 48 3156
TEMP« {HARS) 3 2134 2316 [260 2456 6 4 [y4a0
254 LeCobadily i 16244 23585 #4323 25308 i a>4a0 id.339
VAL LES(HAS. ) Z 3663 10451 3253 4134 PR 40716
ETEMP S la2al 3 2045 4110 Fi8 28 44 528 2
MEAN KEGs LInE 3 z2lze 4743 il 31 29ty &4 Py
20,000 Huux TEMP « ENDEA 197 207 17t 246 1g ZUe
feEmP s VAL ¢ G2 Laelel.n 196 204 lda 206 146 PF9
30,000 AdoK FEwP e LNUEA ¥4 19d 83 2 [ d Fe
TEMF« vAle{ U3 LeCels 1o 144 Iyl [ td9 [
Uty Hus  TEMP » INDEA 185 192 id1 19 a6 [
Tedr s VAL (O £ Lallal» 134 ig? 1+e 125 | ¥a%% Ly
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LISTING NUMSER
CUMBLNATLIN WUMBER
3 LdwES!

TEST
FEMPERATURES

W -

Lidde AVLs LIFE
AT FEST
TEMF « (HRSe )

[

Y94 LeCol.adNLY
VAL UESCHR S )
TEMPSe 1.2&3

W —

MEAN Kede LINE 3

Thou

TEA -

TRV -

Llsricg

CUMBINATIAN NUMBER

3 LJWESY

PEeir RRA TS

Ldygs AVGe LLIFE
AT ST
FEMP e (ARSe )

205000 H@Ur  TEMP« [NDEA
VAL« C( C) Ls+Cebke.

30,000 HoUrk  TEMP.IH0EA
VAL« ) LeUole

40,000 HUUR  TEAP« THDEX
vyaL.C G LaCobie

NUMB R

—

TEST 2

i3
285
200
220
240
18 731
3156
1140
14439
3715
B4
1Oty

173
195

193
170

182
136

T
287
260

220
=40

20355

3660

Vaie

NRL REPORT 8095

T4
266
200
220
240
23471
1560
479
1657
1760
399
437

130
1383

185
182

132
1713

50
288
200

220
240

6660
1140

350

S
26
200
220
240
36960
11307
4241
34799
113586
3990
41 96

210
210

2043
203

194
19

81
253
200

229
240

10735

3771
1251

16

264

200
220
240

2345
271172
1092
3489
2492
1024

1061

g6
133
180
174
175
174

252

200
220
240

20264
3010
1907

Table Al—Computer Readout Data, (Sheet 7) (Continued)

11
269
200
220
240

b 4227
11996
4072
14044
B244
3878
47712

i36
186

185
171

Vi
161

83
251
200

220
240

16073

37171
1425

P94 LeCebl wINLY
VAL UJES{(ARS. )
JIEvirse 1223

M AN LInNE

KU

et

20000 AdJudi ThEMr e Lurna
vAL «{ G2 LeCaloe

UsGUu HJUr kit « EADIA
Teirts VAL C ) LelCebla

AU, JUU HIUR [Erir s LNDEA
I e WAL« O ) leeGab.e

19128

4410
1111

I suz

14y
1796

173
140

190
136

4629
1447

3719

460

B
176
17
170
173
165

10636

3359
1243

12583

190
159

163
la2

179
17

12035
4264
1121

1509

1979
190

1721
142

lo 't

177

4441
1423

1635

195
141

18y
184

133
1719

12397

13
270

200
220
240

18548
3967
1448

14234
4728
1410

1641

197
194
191
187

186
132

84
250

200
220
240

213
2763
1324

6748
281
1229

1289

!
176

171
1648

165
163




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table A1—Computer Readout Data, {Sheet 8) {Continued)

LISTidG WumgEx -3 86 By 83 B9 U
CUMBINATION nuuBER 249 356 357 J5d Jav =232
3 LAWEST 1 2u0 260 260 26U 260 200
TEST 2 226 2d U 280 250 254 ety
FEMPERSTURES 3 240 300 304 3l 3 240
LdGe AVG. LIFg i 27826 6968 7396 Fadd 4253 13344
AT TEST 2 8439 1356 1524 2952 2364 G435
TEMP e (HRS ) 3 4U09 Se8 624 1236 1200 450
F3% LeCologilyY 3 25228 5534 238 1 3919 aY ad 13373
VAL UESCHKS. ) 2 G442 1582 1789 3158 2712 Ti31
GTEMPS. 12243 3 3379 413 483 tit2 P71 44869
MEAN REGs LINE 3 371 476 360 1181 1994 4666
205000 HGUR TEMF.INDEX 206 244 245 247 243 18g
TEMP« VAL<C C) LaCels 205 240 241 245 238 1 5.9.1
30,000 HYUR TEMP. INDEX 129 239 239 240 238 176
TEMP s VAL.C C3 L.C.bL. 197 234 235 238 a3t ie
40,000 HOUR TEMP. [NDEX 193 235 235 235 231 167
TEMPs YAL«C £) L.Cuba 191 230 230 233 223 163
LISTING NUMBER i k=4 F3 F4 5 £
CUMBINATIUON NUMBER 233 234 235 236 295 o2
3 LOWEST 1 200 200 200 200 200 200
LEST 2 220 224 220 224 220 220
TEMLERATURES 3 240 240 240 240 240G 240
LBGs AVG. LIFE i 6767 L¥53% 25351 13532 Y464 10980
AT TEST 2 3767 553t 5i86 3767 4211 4457
TEMP s (HRS. > 3 1149 1344 320 198y 2184 1848
?3% LaCalepLy i 6457 E2027 24905 13470 3448 10919
VAL UES(HRS.) 2 2876 3627 4630 3661 4187 43863
GTEMPS,. Ls223 3 Pizy 1795 F09 108 4 2i81 ida3
MEAN REGe LIWE 3 1310 1623 763 1100 2189 1866
20000 HEUR TEMP. INDEX 1280 139 203 194 178 188
TEMP+ WAL.( C} L.Gub. 173 199 203 194 i73 188
30,000 Hdur TEMP . INDEX 172 193 193 159 168 rgaa
TEMF. VALWCO C) L.CaoLs 164 193 198 221 163 1840
40 000 HBuUR TEAP « INDEX 167 189 I¥s igs 1 &t 1S
TEMP e "VAL+C C)  LuGala 154 HEE [ g t54 P&l t74
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Table A1—Computer Readout Data, (Sheet 9) (Continued)

LISTING NUmBER 97 I8 99 100 101
COMBINATIYN NUMBER U6 24 25 1y Uls
3 LYwEST 1 160 1 60 160 130 180
TEST 2 180 180 180 200 200
TEMPERATURES 3 200 200 200 220 220
LUuGe AVUe. LIFE | 5040 4407 5538 27432 11573
AT [EST 2 2614 1341 2424 5280 4835
TEMP « (HKS) 3 793 430 $40 1714 645
?5% LeUsleidNLY i 47196 4228 5258 23399 10660
VALUES(HRS ) 2 2023 1257 1762 5853 2887
OTEMP Se 122&3 3 764 413 521 1457 611
MEAN SEGe LINE 3 B85 434 614 1597 806
2UsUuy Huur  TEMP«LNDEA 136 1358 142 143 116
TEViFs VALC ) LaGCuls 129 136 137 a2 170
305000 HIUR  TEMP. INDEX 129 132 137 178 170
TEMP« VAL«{ G} LeQCaloe 121 130 130 177 164
405000 HIUR TEMP.INDEX 124 128 133 174 167
TEMP« VAL.C C) L«Csbe 116 125 126 173 160
LISTING NUMBER 103 104 105 106 107
CUMBINATIUN NUMBER &6 &7 89 90 =D
3 LUAEST | z40 240 240 240 240
TEsT z 260 2 60 260 280 260
TEMPERATURE S 3 240 25 2530 300 2380
LJGe AVGe LIFE 1 b2lva 14l 72 124826 22939 12540
AT TEST 2 3662 4335 4662 2346 5174
Mt e CHRS ) 3 1247 l6Ué 1524 B8 1774
994 LeCel oty i 11710 13240 12398 21775 125573
VAL UESCARS. ) 2 3669 4420 428G 2277 464 T
CIEP 5. 1s2&3 3 1198 1 300 1473 197 1 7142
MEAN KEGs LINE 3 123 1576 1574 333 14 a4
202000 Hdudin  JEMP«LVDEA 232 234 233 242 233
TEME e VALC C)  LeCol e 231 233 231 24l 231
300U HIUur  TiuFs [AJEA 226 227 226 236 225
TEMPs VAL«C C)  L.Celow 289 226 224 235 223
4Us 0UU Huur  TEMP « LIDEX S| 223 221 231 220
T2l s VAL eC ) LaeCols 220 221 219 230 21g
85

1oz

016

160
180
200

18273
4365
2568
13362
3340
1864
2z229

156
151
1 47
143

144
137

103
271
160
180
200
44107

17159
1500

434519
17327
1366
7450

177
177
1 64
168

162
162




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Tahle Al—Computer Readout Data, (Sheet 10} {Continued)

Lisrisg Numsh

CumdlAaTIdN Nuger

3 Luwesi H
Fmst 2
TESPERS TURES 3
LY. AVE. LIFE 1
AT TESL b=
[-E.(‘flr’afHHD'-) 3
5% LelabeddlY i
YVALUESCHRS.] 2
WTEMFSs 122&3 3
W EAN REGe LINE a

20 GU0 HYUR FEMP - INUEA
TEMP e WALe¢ G)  Lalel»

30,000 HYUR  TEMP e LADER
TEWP s VALe{ $)  LeCal.s

40is GUU HoUR  FEGP « INDEX
TEME « VﬁLo( 3 LaeCals

LESTENG ~NudBER

COMBINATIIN NUMBER

3 LEWEST 1
TEST 2
TEMPERATURES 3
LaGs AVGe LIFE }
AT TusT 2
FEmr« {HRS) 4
93% LeCobaWLY i
VAL UES(HRE ST 2
SPEMFP Se 12243 3
FEAN REGe LINE 3

AU UL Hd TEMe « LNDEA
il « VAL ¢ C [ Y

AU, UUU Hudr  TEME . INDEA
PEmr. YabsC € LeCobs

42 QBU roUur  TEMP « LNUEA
T s vALeC 02 Lalels

iuy
2U 6
260
280
300

S9el
igz24
&g
5675
tg 72
646
660

240
239
233
233
229
224

279

200
220
240

10495

ag7a2
Pzal
T8
3307
1126
19y

189
g7

183
181

i

86

1o
2UF
2al
2850
390
5921

201 6
&2

SH& 4
1935
-1-Y4
68 4

240
239
234
233

229
289

116

2680

200
224
24ty

24313
10986
2460

23113
TH56
2374
2623

205
203

199
142

194
190

111
2048
260
250
300
6924

tg24
sed

a1t
1303
i
S27%

243
244

236
235

17
241
200
224
240
11500

18 48
166

B3l 4
289U
550
663

1491
ig’

rdé
1 E-B
182
£

iig
)

260
250
300

5631
1606
304

5465
1595
449
503

241
240

235
234

231
230

113
egz2

200
220
240
28115
5448
sE4
ZaP22
4124
609

702
2d4
2U3
200
129

14938
iv6

113

43

24U
260
240

3420
66082
2615
13969
S8
2560
2F5y

232
230
223
220
217
2i4

iiy

289

200
220
240

40642
gaiz2
Yo )

25683
113
4260
3535

2it
247

204
146

196
tad

294

240
26t
288
H3RE
2738
it

5106
2134
&9E
-2
223
219

216
212

212
207

120

301

200
220
240

tasa2id
37160
b 428
1326
40'd
1262
1392

19
123

[ 5-% 4
g7
1d4
tgad
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Table Al—Computer Readout Data, (Sheet 11) (Continued)

LIStinNeGg duiser 12t 122 123 124 l2s 126
CurBinaTiod sdUMBEr 29%, 299 34% 346 347 348
3 LYWESI 1 140 140 180 180 180 180
Tesi 2 150 160 200 20 200 200
[EMFP ERA [ urE s 3 150 180 220 220 220 220
LJlUs AVE. LIFE i 37040 453020 46304 10981 19970  330v1
AT TeEsT 2 62U 7 6zl 2 YIdh 5285 3773 27645
TESF e CHa.) 3 2Ul6 V347 1421 1589 1253 1001
F94 LeCaledlLY 1 31299 349 48 44510 10600 16766 19974
VAL URS(HRS D 2 720U 246 1324 4216 42217 KI-1-B1
dimrroe 15243 3 1 60y 1426 1341 1551 1045 597
MEANY ebs LLINE 3 1823 165 1567 17492 1159 796
20,300 HOUR TEMP . L NDER 147 149 190 170 179 183
TEMFP« VAL.C ) LeGColo 146 147 189 67 174 180
30,000 HYUR TEmr«LlSDEA 142 144 156 163 174
lEMF e vALC ) Le(eLs 144 1 42 135 159 172
4uU: 000 Adur THErP « LNDEAR 139 b 40 123 158 170 i7s6
T s VAL CC (02 LeCales 137 138 181 133 168 172
LLISTENG NUMSER 127 1238 129 130 131 132
COMBINATLIIN NUYAIBER 349 350 351 52 353 354
3 LawesT 1 150 200 200 200 200 200
lEs T 2 200 240 220 220 220 220
TerirbEA TurRE S 3 220 260 240 240 240 240

Ldie Avids LIsg 1 35107 113u2 3985 6391 11302 11302
Al TesT 2 5472 2532 1582 2520 4303 2520
TEWF s CHixSa ) 3 1253 1335 T2u 816 2230 1020
Foh LeCiLedlLy 1 31989 10449 Jes2 6305 10207 9336
VAL UES(HRS ) 2 262 7 2663 1565 2327 4607 2865
JIEIF S 12243 3 113y 1396 664 309 2055 839
MEAN rEGe LINg 3 1201 l4asl 700 B44 2177 236
295000 dadr TEMP . INDEA £-3 145 167 183 136 190
TEmr s vAL«C C)  LeCel. Ido 133 164 g2 154 188
30,000 HJIUR  TENMP.INDEA 181 175 160 177 178 184
Thvirs VAL+C C} LeCels 131 173 156 175 175 181
AUs VU0 AulUr  TEMP «INDEA 17 168 155 i72 172 180
Tiseir' s VAL o CY  LaCels 117 166 151 171 169 177
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table A1—Computer Readout Data, {Sheet 12} {Continued)

LISTING WUMBER 133 134 135 136 137 138
COMBINATIUN NUMBEH 355 325 327 329 330 37t
3 Lulgal 1 200 220 220 220 220 200
TEST 2 220 240 240 240 24t 220
TEMBEERATURES 3 240 260 260 260 260 240
LBGe AVG. LIFE i 19328 105t2 2520 3713 3113 14090
AT TEST 2 49715 7553 1260 FR-2=2 2772 2520
TEMP s {HRS <2 3 2364 2804 766 isi2 I 428 624
G594 LeCeloednbY ! 19748 1Q000G 2345 3063 3680 13054
VAL UES(HRS. 2 2 36948 5470 1303 2056 2360 2652
G¢TEMPS. 122&3 3 1223 2513 713 1222 1403 5%7
MEAN REG. LINE 3 2197 2985 T4t i376 13528 &U3
20,000 HAUR  TEMP« INDEX 198 207 i3 i 58 165 96
TEvE s VAke{ € LeCebs 195 127 197 137 153 125
30,000 mduR TEMP. (JDEX 191 197 i53 t 46 153 19}
TEMP» WAL+( C) L.Cal. i8ad 135 147 123 139 19Q
40, 000 HOUR  TEMP« INDEX 166 120 146 138 145 [§-1.]
TEMFs VAL.C 0¥ LCebls 183 176 140 113 130 187
LISTING ®UMBER 139 Iag {41 I 42 Y43 La4
COoMBINATLON tUMBER 31z 374 375 363 384 385
3 LYWEST i 200 200 200 26U 260 264
FEST 2 220 220 220 280 280 280
TEMPERATURES 3 240 240 240 300 300 360
L¥Gs AVG. LIFE 1 joals 27482 24632 11343 4177 7661
AT TEsl 2 28346 1428 6694 1692 1692 2024
TEMP « {HRS« 7 3 34 434 &35 624 720 Bié
994 LeCobloidibly 1 14367 t14a% 27302 d344 471 &FEF
VAL UES{HRS ) 2 3430 2569 AR 2 20719 1682 2212
gFEMPSe 12243 3 131 343 309 456 ity 8 &
MEAN REGs LINE 3 g7 564 57 343 22 TR
20,000 dodR  TEMr« INDEA 19¢ 2 205 251 aa9 244
TEMP= VAL+{ CY L+Cebs 19> 192 204 24y 229 2at
30,000 HIUR  TEMF.INOEX 193 195 201 246 2zt 2374
TEMP « WAL+{ €I LsCala P70 187 194 242 221 239
40 000 Huur  TESS » TNDEA 178 192 194 243 216 233
fEepPs vaLs¢ €)Y LaeCebs 146 153 176 234 216 239
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LISTING NuUMBER

CuvisLWATLIN NuMg Er

3 LoweEsT 1
st 2
LEMPERA TURES 3
LJdge AVGe LLIFE 1
Ar IeEst 2
TRMP e CHRDe ) 3
954 LeCeLo@ulLY i
VALUESCHRS ) 2
WTEMPS. 122&3 3
MEAN REG. LINE 3

20,000 HOUR [EME « INDEX
l‘EI’iP- VAL-( C) L.cC-L-

30,000 HoJr  TEWP« LNOEXA
Tems VALeC $) LCoble

405000 HJUIR TEMP « LNDEA
TeEwr « VAL« C) LeCelos

LESTING NumsBkER

CumsiNATLlYN NUMSER

Table A1—Computer Readout Data,

NRL REPORT 8095

V45 146
217 239
240 200
26U 2zt
[==1¥] 240

24rad 24478
U0y 12351

1446 4695
22439 24350
6127 12427
1708 6552
Y3004 65655
243 206
242 206
237 195
236 124
233 g7
231 186

147
238
200
2dU
240

1 7T0s9d
4359
151U
13639
4584
1380
1456

197
196

191
19d

13
1d 6

153

290

148
233
2030
220
240
13099
3U31
2009
12573
4391
1932
zu22

192
i91

184
183

179
1717

154

291

3 LJwEsT
TEoY 2
[EmrERATURES

L —

[

LdlGes AVGe LIFE
AT TEST
TEdAr e (HiRD )

[

I9% LeCelsdnNLY
VAL UESCHAKS
dibmrse la2&3

-

MEAN REGe LINE 3

e s VALLC L) LeCels

fEiP « VAL .C C) LeColoa

TEriFP « VAL«C C) l.eCel s

ZUs 000 Huur TEvP« LNDEA

305000 HJdUr v« TNDER

40,000 HoUR TEMP « LNDEA

151 152
242 3338
200 130
220 200
240 220

15680 1usl2

7383 35713
5649 2177
12972 d©624
g222 40871
4659 19748

3231 1990
139 164
gl 197
I 75 135
162 1 49

166 1 47
154 1 42

260
284
300

22604

3317
1343

15381

4191
938

1147

26U
257
254
251
251
246

260
240
30y

22600

¥183
2924

22476

1901

27216

2972

262
262

255
295

250
250

(Sheet13)(Conﬁnued)

149
240
20U
220
240
8 ial
2352
1176
7111
2701
953
to71

184
180

177
172

172
i67

I55

185

280
300

3612
1244

528

231

501

2<d

227

222
220

217
215

|1V
241
200
220
240
5962
1630
440
4398
1903
687
7

177
172

170
163

166
16U

196

186

280
300

4608
lalé
622

1517
550

o
N
oo

233
230

227
223

222
21y




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-—Computer Readout Data, {Sheet 14} (Continued)

LLISTENG NUMBER 157 Yot 159 168 16t iag
CurtdloAaTiaN Jmgie 158 idd 313 3t 4 als St
3 LUWEST i 260 260 260 260 260 fsQ
TeST 2 28U 280 280 280 28U 20U
FEMFERATURES 3 300U 30y 390 300 300 224
Ldie AVG. LIFE H 420 26440 8253 37 ab 9800 5560
AT TEST = 158 | §-3T-) 1237 363 [=1-1-1 Ty
TEMP o (HRS. ¥ 3 24 20 54 432 &2 4 380
5% LaCabiadaiby 1 396 2574 4615 2947 45%9 34035
VALUKESCHRS ) 2 PU4 La3s 1502 1044 14539 250
ETEMPS. 12283 3 23 00 421 321 293 214
MEAN REG. LINE 3 28 801 503 380 447 289
20,000 Hour  TEMP. [NOEX 2ls 211 241 232 246 1at
TEMP e VAL C C) L.Cable 207 195 235 225 234 133
30000 AU TEMP . IAbEX 2ti 201 235 226 241 156
TEMP« vALs( 0 LaQ.ba 202 ida 225 218 227 L 47
40,000 HIUR  TEMP < INDEX 208 1335 231 222 238 133
ThMP « VAL { €3 LeCoboa Toy 1941 224 214 222 faz
LIsSiing otuMBER 63 164 165 166 187% 1.3
CUMBINATIGN NuUMBER 3G 254 255 256 257 298
3 LawksT i 2040 200 200 204 200 200
Test 2 220 220 220U 220 220 220
TEMPERATURES 3 240 2449 24 240 240 245
LdGs AVGY LIFE i 14927 27894 4520 28425 28870  TY1I9
Af TEST 2 4215 1589 1260 63371 3687 2259
Thdr s (HRS } 3 1672 21 &1 &4 4463 L9073 1383
DA LeCeledply i 1325 27743 367U 13867 o419 68654
VAL UL S(ARS. ) 2 4462 Taiu i443 d685 4605 2523
GTEMPSe 12243 3 I 4u2 2195 224 3094 Piz2i FOF
GEAN Ritge Line 3 1600 2183 591 3421 1354 g
205000 HYUr  TEMF. EUER iv4a 2U5 P72 204 204 gz
TEIF s VAL ¢ C)  LeCeloe P93 235 t66 200 Py [
SUAUOU HY UK TERP « LDEX 8¢ Loy 165 126 194
Fevire vALeC ) La{.L» 1sé e iad fgu 121 ErL
AU BUU HJUUR  THar « L MOEAR 183 t9 Y Fét [ [ Pt
P e VAL e{ UF LeCala gl 19y Fog P43 ids 1 &6
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Table Al-—Computer Readout Data, (Sheet 15) (Continued)

LISTING NUMDER 16y 170 171 172 173 174
CoMBIadaTl g NUMBER L3z 133 1485 177 293 139
3 LUwES| 1 =4l 240 240 240 240 200
Ry @ 260 26U 260 26U 260 220
VEGP DA TUKE S 3 280 250 260 20 280 240
LJGe AVGe LIFE 1 34015 21045 10080 24438 20907 29780
AT TEST 2 428 4 5034 5037 844l 6932 1188
TEMP « Crid5a) 3 1926 2356 2408 3164 18 44 431
F9% LeCabl oLy 1 #1749 195536 ¥796 24313 203uv 13630
VAL UE (RS ) 2 5780 6165 51Ul 3469 6089 2005
ClEMFDe 12243 3 1221 2ove 2717 3172 1805 194
wEAN KEGs LINE 3 1575 2av1 2774 3ls1 1949 303
20,000 Hwuk o « {NUEA 244 239 g2l 244 241 201
TENF « YAL+C C)  LeCele 241 235 21y 244 240 196
305000 HIUR  TEMF. LNDEA 239 231 210 236 235 197
TEMF« VAL.C C)  LaeCala 235 226 208 236 234 t9e
405000 HdYuyr  TEMP« INDEX 236 206 203 231 231 195
TEGPe VAL-C C) LeCola 241 220 201 231 229 189
LISTING NUMBER 175 176 177 178 179 180
CumsluATIIN NUIBER 1 40 ia4l 154 155 156 157
3 LYwkEsT 1 20U 220 220 220 260 260
TEST 2 220 240 240 240 240 240
TEMPERA TURE S 3 240 260 260 260 300 300
LYG= AVGs LIFE 1 15933 8676 se92 5712 6474 6474
AT [EST 2 3284 S080 1176 340 2518 2518
TEMP « (HiKSe ) 3 316 252 497 420 1055 1008
Y5% LeCaledNLY 1 15572 7358 5755 3715 6305 6456
VAL UESCHRS ) 2 3345 1749 1522 1121 2504 2474
WTEMPS. 15283 3 795 224 326 271 1028 1006
MEAN REG. LINE 3 07 396 416 346 1053 1015
205000 HOUR  TEMP .« [NDEX 197 216 207 201 234 238
ll‘_l"llJ- VAL-( U) LoC-L.. 197 HUS 202 193 237 238
30,000 HJUR  TEeir«1JUEA 192 211 203 195 230 231
TEMFP« VAL+C C) LeCeLo 192 200 196 187 229 231
405 0U0 HOUKR  TEMP W [NDEX 189 209 199 192 225 226
TEOP e VAL=C C) LeCals 138 196 192 183 224 224
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Table Al1—Computer Readout Data, (Sheet. 16} {Continued}

LISTING NUMBER 181 82
CUMBINATION NUMBER I 5d 157
3 LYWEST i 260 260
TEST 2 280 289
TEMPERATURES 3 304 340
Ldgs AVGe LIFE i &4714 Tas2
AT TEST 2 3170 21g2
TEMP «{HRS ¥ 3 1151 19ug
994 LeCob oY 1 6305 H448
VAL UESCHRS ) 2 2734 2411
GTEMHS. 1,243 3 fi2s 366
MEAN KREGs LINE 3 1228 F43
20,060 HYUR TEMP « INDEX 238 241
TEMPs VAL.{ ©F LaeCoias 234 238
30,000 HYur TEMP . INDEX 230 234
TEMP . VAL.C £} LeCsls 225 231
43,000 HOUR TEMP.INDEX 224 230
TEMP+ VALSC C3  LaCela 219 226
LISTING NUMBER 187 188
COMBINATIUN NUMBER 97 108
3 LOWEST 1 200 200
TEST 2 220 220
TEMHFERATURES 3 240 240
LBGe AVGs LIFE i 6630 14t
AT TEST 2 2784 3192
TEMP e {HRS. ¥ 3 456 382
5% LeCoabl el Y i 6261 13327
VALUJES(HRS.) 2 igig 2312
GTeMrs. 12243 3 435 3866
MEAN REGs LIng 3 5464 438
202 GUT HJur  TEMP« LNUDEA oo 198
TEmP. VAL.{ £ LsCeb« g2 195
30,000 Hdur e« ENDER 182 P94
Frvir s VAL +C G LaeCels P76 idi
40,000 Adur  TEME . LEDEA 1 17t
TEMP« VAL «C 2 LeCols 171 1548
92

183
160
260
250
360
4272
2554
1tda
4t
2B37
1074

1223

223
ziz

213
266

207
193

139

tog

200
220
240

15389
2346
120

14139
1343
113

150

204U
i97

12
174

14
121

134
232
240

26U
244

18214
5413
ig48

td2d2
9537
1745
1420

239
232
233
232

228
228

190
27

t 60
180
200
P10 40

B 5401
4401

1G7tt
Tas
431t
4176

fag
130
126
1i3
116
102

185
25
204

220
240

2114
3456
Téa

2355

2732
47

gas

191
188
183
tg2
igi
178

91

a4

240
260
250

22297
4282
2762
12341
&200
2392
2592
241
237
234
252
2249
226

186
286
200

220
244

6630
2784
563

62 68
1¥gl
536
650
186
151
130
174

114
170

ive
[ 3

240
260
280

P92
&105
243t

[
6313
2257
23568

239
235
232
23t

PET
22
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Table Al--Computer Readout Data, (Sheet 17) (Continued)

LISIENG NUkishs 193 194 195 196 197
COrs BNATION Numskr 92 366 365 370 367
3 LJaEST 1 240 200 200 200 200
TEST 2 260 220 220 220 220
TEMPERATURES 3 2580 240 240 24y 240
LdGe AVGe LIFE 1 19444 30332 3471 10009 5665
AT TEST 2 DTS 9868 101 1633 1964
TEMP e CHRS . ) 3 2262 Jod 409 675 647
954 LeCalognly 1 18043 26562 3353 6965 7613
VAL UESCrRS. ) 2 8075 5662 1116 1987 2086
eTEnrsS. 1,243 3 2096  ©s6 395 469 564
MEAN KEGe LINE 3 2187 124l 403 588 618
205000 AGUR  FEAr . ENDEA 23y 207 171 189 188
TEwrs VAL.C €) L.CuL. 23d 2U4 1171 184 186
305000 AUUR  Fimr e [NDEA 232 202 165 184 182
Thire VALSC ) L.CaL. 231 195 164 178 130
4Us D00 HUUR  TEwr . INDEA 227 199 161 180 179
TEMP e VALGC C) LaCal. 226 195 160 173 176
LESTING NUMBER 19y 200 201 202 203
COMBINATION NUMBER 56 101 102 103 104
3 Lawesy 1 k60 200 200 200 200
o Esr 2 150 220 220 220 220
TEW# ExA TUrS 3 200 240 240 240 240
LdGe AVG. LIFE 1 20722 15557 18077 14045 6384
_ AT TEsT 2 lés 1846 3696 2514 336
TEMP « CHRS » ) 3 5342 5S4y 564 756 168
¥5% LeCabaudnLy 1 12197 11503 17464 11v62 249
VALUESCHRS ) 2 I3 2257 3703 2740 577
OTEMPS. 1,243 3 a892 403 859 642 74
MEAN REG. LINE 3 5137 4%y 362 105 117
202000 HOUK  ievir s LNDEA 160 ive 199 195 86
TEMPe vAL.C C)  L.G.L. 159 193 199 193 176
305000 HIUR  TEMF. INDEA 150 192 194 190 182
TEMP s VAL.C C)  L.C.L, b 43 159 194 183 171
AUs0U0 HIUR  TEAP . [ADEX 142 159 11 156 179
TEviP e VALZC C)  LaC.L. 140 R 190 184 163
93

193

180
180
200
20874
4373
2074
18258%
7162
4423
47714
1560
15%

1 4%
146

143
139

204
105

200
220
240

6u27
? 38
164
3572
214
156
169

igs
187
134
183
181

180




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table A1—Computer Readout Data, {Sheet 18} {Continued}

Llsfing suagenR 2ds 2Ué 207 208 e 216G
coMgivatiove uMdER [ R tUF 116 [ itd Pre
3 LawWhs) 1 200 20U 2 200 200 200
TEST 2 220 220 220 220 220 220
TEMFERATURES 3 244 240 240 240 240 240
Lylbe AWiEe LIFE i 13391 11592 14045 16733 10389 4368
AT TEST 2 2436 2592 2145 3569 24531 &2 4
TP e CHRS D 3 549 &36 600 375 504 132
95% LeCeladiLY t 12739 11431 11697 16194 tagay 3987
vab JES(HKS. ] 2 24713 29236 2425 3004 2540 646
BTEMP 5. 12243 3 524 &27 499 561 48 5 120
MEAN KEGe LINE 3 54l 639 5o &1y 446 126
20,000 Hour  TedP« LNgEs 199 1923 195 129 197 144
TEMPE» WAL C)  Lasiablo 195 193 193 [ ] 197 %3
30,000 Hdds TEMP« INDEA L9 ing 19U 124 193 [9-1
THEMP s YALC C)  leCob» 190 j§-2-1 169 133 1y [ a4
40,000 HUUr  TESP« INDEA 153 i3 g i 191 120 P
TEMP. VAL«{ €)Y L«Csbs ta? 15 & g% 190 [ %-2-4 L35
LIsTinde SNUMBER 211 212 213 ar4 21h 216
CcoMsiAaflaN NUMHBER 124 121 122 130 13t 136
3 LuiWEsl H 200 200 200 200 [ a1 200
TEST 2 220 220 22U 220 200 228
TEirErATURKES 3 240 240 240 wat 220 240
Ltde Hvis LIFE i 4365 1oRed 11349 27656 15456 32974
At reEsT 2 166 Z2o64 2384 3464 540 4253
TR e {HRS=3 3 132 4749 &y 527 Zigd TIo4
954 LeCeb s JuLY 1 4264 FEnl 10417 27138 14307 26523
oL des{drne ] 2 4 21 a7 2371 3975 5308 HH4 8
GTRmP S. be24&3 3 1¢9 454 551 519 2018 w4
VAN KiEds LIAE 3 136 Sls 594 543 2tyd 19U 4
SUrUQU mdud Prel e DNUEA tos 123 iF3 203 17s 203
[Ew e MAL-C O Leleln o4 14t 192 AV 174 7#U3
s UJU Haddi Ppitr e DADEA 1 1da [T 204U ia? A
[pi’ s Wil 0 L) Loebebow Loy 146 146 Lad 166 1y
aada UG HJun Ptk v LlUEA iid 145 fss 137 162 197
Toow s WaAke{ CF LeCels Tt a2 P43 196 161 145
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Table A1—Computer Readout Data, (Sheet 19) (Continued)

LISTING dUGBER 217 21y 21y 220 221 222
COmdINATLIIN NUMHER 137% 133 2 3 34 o7
3 LJuesl i 20 220 is0 120 200 160
s 2 22U 240 200 200 220 130
MEmrPErATURES 3 240 260 220 220 240 200
Ldu. AVu. LIrk 1 6989 63l 6 a1724 15964 4748 4374
AT kLT 2 2 9e 1200 065 5090 1330 24
Froire (HRS ) 3 799 132 1004 336 &0 464
Foh LeColwdnly i 630 35 6552 26695 14201 4224 2946
VAL UES(HRS ) 2 “361 730 48459 3336 1301 1a87
dIEMP S« 12243 3 740 128 J6Y 751 528 310
MEAN REUe LINE 3 tolg Lati iois s14 367 406
20,000 HJUR  TEAP« INDEX g2 211 184 187 175 135
TEmr s VAL C) LeCebo 179 209 183 3] 172 123
30,000 HUr  TEMP«INDEX i75 207 179 184 169 129
TEidP e VAL C C)  LeCoblos 17e 205 179 183 166 1o
40,000 Adur  TEMP«INDEA 171 205 176 181 164 125
TEviF s VAL<C C) LeGCsls L6717 202 175 ig0 161 112
LISTING NUMBER 223 224 225 226 227 228
COMBINATIUN NUMBER 013 014 12 13 14 15
3 LYWEST 1 160 190 130 200 190 200
TEST 2 180 200 200 220 200 220
TEMPERATURES 3 200 220 220 240 220 240
LdGs AvGs LIFE 1 6014 12536 17443 52038 17270 6216
AT TEST 2 1579 63249 3454 1694 6043 1948
TEMP « (HHSe) 3 585 969 2200 354 2116 364
P24 LeCoblwdiilY 1 5482 12507 11475 5096 13154 35931
VALUESCHR S« ) 2 1680 332Y 4553 1627 7006 1500
GTEAPSe 12243 3 032 713 1434 543 1671 351
MEAN KEGs LINE 3 061 1015 1524 562 1269 406
205000 HYUK  TEWP«INDEX b4l 136 173 179 186 186
TEMP e VAL«C T3 LeCelo 140 185 168 179 183 183
JUsU000 AJUK  TEMr ENDEK 136 182 168 173 181 182
FEMP« VAL +C C) LeColos 134 130 159 172 177 | -1
40,000 Hydr  [erir« LNDEA 132 179 163 I 69 177 178
Feelrs VAL.C ) L.CaLe L 30 | 154 167 173 174
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Table A1—Computer Readout Data, {Sheet 20} {Continued}

LISTING NUMBER 222 230 231 232 £33 234
COMBINATION NUMBER a1a 22 S 59 60 &1
3 LUWEST i b & 413 1 40 140 140 Fag
TEST 2 180 200 184 i sl 150 1 aid
TEMPERATURES 3 200 220 180 180 180 180
L3G. AVGse LIFE ] 6104 2378 11238 13924 17620 12132
AT TEST 2 2306 33te 3rg2 3024 5069 248
TEMP + (HRS 2 3 ) 1224 P94 340 3167 [ 9.
9594 LeCela@niy i 6023 5259 10279 13314 134¥3 17700
VAL UESCHRS. ¥ 2 2119 2876 3073 3114 6082 4516
@TEMP S 1s2&3 3 769 1501 gi2 842 2410 1100
MEAN REG. LINE 3 804 1613 297 323 2806 1383
20,000 HAUR TEMP.INDEX 140 146 132 135 135 141
TEMF» VAL.¢ GF  LsCab» 139 140 130 135 130 133
30,000 HUUR TEMP.INDEX 134 13& 126 130 127 136
TEMF« VALC 0 LaeCeble 138 129 123 130 t2t i 32
402000 HIUR TEMP « INDEX 129y 12y 122 t27 i2t 133
TEMP. vAL.{ C» La.CsL. 128 122 il 126 it 4 124
LISTING NUMBER 235 236 237 234 239 240
COMBINATIUN NUMBER &2 =34 81 o7 a3 2.3 Qg2
3 LYWEST i 140 t 40 149 1 &0 160 160
TEST 2 1 60 160 160 180 180 180
TEMPERATURES 3 180 150 180 200 200 200
Ldis AVGe LIFE i &304 1982 172d4 3024 5325 16018
AT TEST e 29 44 335U 3496 1 50U 3013 5124
TEMP « EHRES« ) K] 1gos 14248 Jiie 263 t 22 14488
F54 LaCeblodnilY 1 s664 Tae 16871 2673 4967 15742
VALUES(HR S ) P 2380 3199 Fedd P2 55 2437 4
¢TEMP 5e 12243 3 I 1421 30 6h 503 Pizd [487
MEAN REG. LINE 3 toeé 1456 3325 399 P283 P54%
20,000 HIUR TEMP.INDEA i2t 129 13c i23 31 P57
TEMPs VAL { €} LeGCobs 112 114 136 Pt P22 156
30,000 Hour  TEAP . INDEX ti4 112 130 114 123 151
TEMP . VAL.C C) Le+Cels i1i it ta? 103 113 130
40,000 HJdR  TEAr . INOEX 10?2 to? 124 111 P ta¥
Vi s VALLC D) LaCais 106 166 121 97 106 146
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Table Al1—Computer Readout Data, (Sheet 21) (Continued)

LIisiivg duiBeEns 241 24w 243 244 2445
CurBiNATION WUMBEK 023 Ue4a 23 31 az
3 LJYWEST 1 160 180 140 200 200
rest 2 150 200 200 220 220
TEMPERA TURES 3 200 22U 220 240 240
LuGs AVGe LIFE 1 16704 235142 16464 6668 Vo
A TEST P 7392 7137 4909 1700 971
TEAP e CHILGS « ) 3 2251 1944 24uvg 560 529
o4 Lelelowiibl Y i 1al2u 24651 13411 5806 4571
VALUESCHRS. ) 2 sLu7 6813 5425 1747 1375
WIEAFSe 10263 3 2194 1918 1996 505 308
MEAN KEGs LINE 3 2444 2052 Ly 561 413
20,000 HYUK TEWF«18DEX 154 184 175 184 185
FEMP s VAL+C £} LeCobla 156 163 171 181 176
30,000 HYUR TEMP - INDEX 151 174 167 174 180
FEMP s VAL «C C) La+Csls 145 177 163 175 170
40,000 HOUR  TEMP.INDEA 146 174 162 174 176
TEMPe VAL«C C) La+Cels 142 173 157 it 165
LISTING NUIABEK 247 24y 249 250 251
CUOMBINATIUN NUMBEK 43 44 T4 75 4
3 LUWEST 1 130 190 140 140 200
_ TEST 2 200 200 1 60 160 220
FEMFERA TURE S 3 220 220 150 1580 240
LJG. Avgi LIFE ] 10330 4024 dl19y 1545 14098
AT TL§T 2 20449 1500 1713 1797 5356
TEMP « CHRS W 3 3 315 120 634 371 456
95 LeCeledniy 1 10077 3558 6592 74t 12705
VALUESCHRS.) 2 1745 120% 1925 1601 2744
@TEMFPS. 1s2&3 3 313 E 531 366 42 4
MEAN KEGs LINE 3 340 132 55 6 390 605
2Us 000 HIUR TEMP.INDEX 174 179 127 129 199
FEMMe VAL+C C) LoCaL. 173 174 124 128 194
305000 HIUR  TEMP. [NDEA 170 176 121 124 195
TEMFP e VAL«C C) LaeCals 1 63 171 g i23 159
40s 000 HIUR  TEAF. [NDEX 167 174 115 121 192
TEMF s VAL+C C) LoCeLls 165 168 115 120 155
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246

41

150
200
220

vY6H
2637
323
7193
2004
430
573
b1
164
166
1538

162
154

9

200
220
240

15500
5411
499

14212
2972
467
643

200
196
196
190

192
187




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al—Computer Readout Data, {Sheet 22} {Continued)

Listaiwu NUwoe: 03 24
CudBlan o suendbex t 28 jey
3 LJWESsT 1 200 200
Tisl b P 220

TeMF L Uil 3 240 7L

LuGe AVGs LIfk H gyl 2rie
AT 1ol 2 1510 PE{A14873
Theirt e CHES ) a i8h 4004
F5% LelabadnLyY 1 uHl 4 Y 4HD
VAL U Urios ) 4 1234 1532
YTEMP S, ladald 3 ¥ 77 343
MEAN HEGs LINE 3 201 457
o0, Uy Hour  TEer s IwgEA £33 g4
TEWMP« vibl.{ O3 Lalelos 192 180
30,080 HOUR  TEAP « ENDEX 189 L2
TEML s vAL€ G LeCobls 188
40,000 HOUR  TE«Y « LIDEA 187 [ Y
TEMF « VAaiLe U 0D Le Celoa 185 17t

fdkks END JF DATA &#x*%k

TivE: TT7+45 SECS.
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Index to Computer Data Sheets (Table A2) and Motorette
System Identification

Sheet Listing | System | Magnet . Slot
Number | Number [ Number | Wire Varnish Phase Ground Wedge
23 A 1A Cambric Fish Paper GMG
23 2 2 A 1A Org. Varn. | Org, Varn. GMG
Glass Mica-Glass

23 3 3 A 1A Cambric Rope GMG

Acetate

23 4 15 A 2B Mylar Mylar- GMG
Film Paper

23 5 29 A 2A Org. Varn. | Org, Varn. GMG
Glass Mica-Glass

23 6 41 A 2D Org, Vam, Org. Varn, GMG
Glass Mica-Class

23 i 42 A 2E Org. Varn. | Org, Varn GMG
Glass Mica-Glass

23 8 95 A 2B Mylar Mylar GMG
Film Film

23 9 98 A 2K 263-3F 263-3F GMG

23 10 99 A 2E Copaco Rag | Copaco Rag GMG
Paper Paper

23 11 8 Y-3 10A Sil, Varn. Mica Mat G8G
Glass Glass

23 12 12 B-2 2A Org. Varn. | Org. Mica GMG
Glass Glass

24 13 36 C-5 10A Epoxy Var. | Org. Var. GMG
Mica-Glass | Mica-Glass

24 14 14 2A Org. Var. Org. Var. GMG
Glass Mica-Glass

24 15 20 Z-1 2A Epoxy Mica | Epoxy Mica GMG
Mat-Glass Mat-Glass

24 16 26 Z-1 6A Epoxy Mica | Epoxy Mica GMG
Mat-Glass Mat-Glass

24 17 49 Z-3 2C Oxg. Var. Org. Var. GMG
Mica-Glass | Mica-Glass

24 18 21 Y1 6A Sil. Var. Sil. Var. GSG
Mica-Glass | Mica-Glass

99




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Index to Computer Data Sheets {Table A2) and Motorette

System Identification (Continued)

100

Sheet Listing | System |Magnet . Siot
Number | Number | Number | Wire Varnish Phase Ground Wedge
24 19 22 Y-1 i0A 8il. Var. Sil. Var, GSG
Mica-Glass | Mica-Glass
24 20 33 Y-Z 104 Sil. Var, Sil, Var. GMG
Mica-Glass | Mica-Glass
24 21 19 B-1 2A Org. Var. Org. Var. GMG
(Glass Mica-Glass
24 22 23 B-1 34 Org. Var. Org. Var. GMG
Glass Mica-Glass
24 23 32 *B-1 | 3A Org. Var. Org, Var GMG
Glass Mica-Glass
24 24 34 B-1 2A Polyester Org. Var, OMG
Fiber Mat Mica-Glass
25 25 40 B-1 44 Org. Var. Org. Var. GMG
Mica-Glass | Mica-Glass
25 26 30 B-3 2A Org. Var, Org. Var. GMG
Glass Mica-Glass
25 27 31 B-3 4D Org, Vaz. Org. Var. GMG
Class Mica-Glass
25 28 39 C.2 4E Org. Var. Org, Var. CMG
Glass Mics-Glass
25 29 37 B-5 2A Copalum Glass-Mica GMG
{20 m)} Glass {12 m}
25 3¢ 53 R 154 6105C 6105C 54051
Dupont)
25 31 67 C-1 4B Polyester Polyester Var.] GMG
Var. Glass Mica Mat
25 32 68 D-1 NONE | Sil. Var. Sil. Var. G8G
Mica-Glass | Mica-Glass
25 33 48 c1 4A Org. Var, Org, Var. GMG
Mica-Glass | Mica-Glass
25 34 51 H-3 10A 2 Sil. Mica | 2 Sil. Mica Silicone
Glass Glass Glass
25 35 52 H-1 13D 1 HT-1 1 HT1 Molded
Paper Paper Glass
*#18 AWE
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Index to Computer Data Sheets (Table A2) and Motorette
System Identification (Continued)

Listing

Sheet System |Magnet . Slot
Number | Number | Number | Wire Vamish Phase Ground Wedge

25 36 54 H-1 13D (ML Var.GL)| (ML Var. GL)) | 64051
6507 (7 m) | 6507 (15 m) | (Dupont)

26 37 59 H-1 13D (ML Var. GL)| (ML Var.Gl.) | GSG
6507 (Tm) |6507 (7 m)

26 38 69 H-1 i3B “H” Film “H” Film GSG
{7 m) (15m)

26 39 70 H-1 8A Sil, Var. Sil. Var, GSG
Mica-Glass Mica-Glass

26 40 71 H-1 8A Doryl Glass | Doryl Glass GSG

26 41 73 H-1 41E Sil. Var. Sil, Var. GSG
Mica-Glass Mica-Glass

26 42 74 H-1 6B Sil, Var. Sil. Var, GSG
Mica-Glass | Mica-Glass

26 43 76 H-1 10A Sil. Var. Sil. Var. GSG
Mica-Glass Mica-Glass

26 44 80 H-1 13C Nomex Nomex GSG
(HT-1) (HT-1)
Paper Paper

26 45 84 H-1 10A Nomex-H Nomex-H GSG
Film-Nomex | Film-Nomex

26 46 88 H-1 10A Nomex Nomex GSG
(HT-1) (HT-1)

26 47 94 H-1 10A Astrotherm | Astrotherm GSG
240-21 240-21

26 48 56 D-3 4A Sil. Var. Sil. Var. GSG
Mica-Glass Mica-Glass

27 49 57 D-3 10A Sil, Var. Sil. Var. GMG
Mica-Glass Mica-Glass

27 50 85 D-3 4E Mylar xm- Mylar xm- GSG
633 (2 ply) |633 (2 ply)

27 51 86 D-3 4E 633 (1 ply) |633 (1 ply) GSG

27 52 82 I 10A Nomex Nomex GSG
(HT-1) (HT-1)
Paper Paper
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Index to Computer Data Sheets (Table A2) and Motorette
System Identification (Continued)

Sheet Listing | System | Magnet . Stot
Number | Number | Number | Wire Vamish Phase Ground Wedge

27 83 100 L1 NONE | Nomex Nomex G8G
{7 m} {14 m}

29 54 72 F-2 10A gil. Var. Sil. Vaz. GSG
Mica-Glass Mica-Glass

27 55 87 F-1 4F Cfam 160 P | Cfam 150 P GSG
Im/5Sm/5m | 3m/5m/3m

27 b6 58 D-2 10A Sil. Var, Sil. Var. GSG
Mica-Glass | Mica-Glass

27 57 60 D2 4E Dac.-Mylar- { Dae.-Mylar- GSG
Dac. Dac.

27 58 75 D-2 4K Polyester Polyester GSG
Mat 2542 Mat 2542

27 59 77 D-2 4F Estermat Estormat GSG

‘ Dm 70-353 | Dm 70-353

27 &0 78 D-2 5C Estermat Estermat GSG
Dm 70-353 | Dm 76-353

28 61 79 D-2 5D Estermat Estermat GSG
Dm 70-353 {Dm 70-353

28 632 81 D-2 4E Duroid Duroid Duroid
2307 2307 2310
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Table A2—Computer Readout Data, (Sheet 23)

LISTING NUMBER ! 2 3 4 5 6
SY3TES dUMBER 1 z 3 15 23 41
3 LUREST i 150 135 k60 145 150 145
Vo T 2 160 160 Y 160 160 160
TEGF ERATURE S 3 18U 150 200 a0 150 150
Ldve AVGe LIFE i 2hisd 8642 2403 4380 3926 3170
Al [E31 2 E560 2534 914 1573 a0 1221
FEfF o CARS ) 3 424 956 299 935 224 628
95% LeColouaLY i 2b1y 8467 2313 3353 1759 2610
VALUESCHRS ) 2 1533 2418 821 1860 863 1366
eTEMPSe 15283 3 s24 245 289 729 113 522
MEAN REGe LINE 3 B Bu 376 31e 8 45 179 58 7
20,000 HYUR  TEiP « [NDEX 93 120 126 113 130 109
TEMr e VAL+C C)  LaeCoLe 91 113 123 103 17 103
304000 HOUX  TEMP« ENDEX s 4 113 120 105 126 103
TE#Fs VALSC C)  LaGol. 53 112 116 95 e 95
405 0G0 HOUR  TEMP. LNDEA 78 109 16 101 123 93
TEMF. VAL.C C)  L.Cel. 17 108 e 89 108 20
LESTING NUNBER 7 8 3 10 11 12
SYSTEM NUMBER 42 95 95 99 % 12
3 LYWEST 1 145 140 160 1 40 240 160
TEST 2 160 160 180 L 60 260 180
TEMPERATURE 3 3 50 150 200 180 250 200
LUGe Avue LIFE 1 3689 5600 3236 6500 2274 4760
AT TEST 2 1722 3058 124y 2184 680 1796
TEOF « (HRS ) 3 vel 1606 479 102U 259 720
954 LeCaledul? i Jl23  S436 3173 5921 2096 4603
VAL UESCHRS.) 2 ld1e 2925 1198 2325 704 1760
OTENPS. 1,243 3 731 1577 471 927 239 697
MEAN REGse LINE 3 883 1633 47 278 252 723
20,000 HOUR  TEWMP« INDEA 105 106 124 L1s 205 134
TEMF e VAL+C C)  LaCals 99 104 126 116 203 132
30,000 Huur  TEMP« INDEX 100 9% 121 111 199 127
TEr s VALC C) LeCal. 90 93 120 109 196 125
405000 HUUR  TEdF. INUEX 95 20 117 06 195 122
Peirs VALWC C)  LaCols 34 51 115 104 132 120
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Table A2— Computer Readout Data, (Sheet 24) (Continued)

LISTING SUMBER i3 L4 15 16 17 ]
SYSTEM nUMBER 36 14 20 26 43 21
3 LBWEST i 190 160 i 6l ¥ &0 160 200
TEST o 200 180 150 130 180 220
[EMPERATURES 3 270 200 200 SU0 200 2 4
L3Gs AVGe LIFE 1 16500 5680 5302 6945  B256 5440
AT TEST 2 5342 2200 2730 3793 1478 1400
FEMP « CHitS 3 3 915 552 1245 2400 565 1z 324
95% LaCaloodNLY 1 14510 S48 4 5058 6651 6222 5421
VAL HUESCHRS3 2 g 5594 1766 2513 3BH A 1745 1372
@TEMP S 1283 3 512 539 1194 2290 43% 3K
MEAN KEGs LINE 3 890 606 1296 2357 520 335
20,000 HAUR  TESP . INDEX 188 142 130 126 147 143
TEmP e VAL+( £ LeCsls 147 139 124 124 142 182
30,000 HAUR  TEMP . INDER 144 136 121 115 i 42 + 78
TEMP e WALs{ £} L+GCelos 183 132 115 112 137 177
405000 HUUR  TEWMP«INDEA Ih 132 tirh 107 138 174
TEMF . YALaC $F bLeGebe 150 128 108 104 133 174
LISTING NuUMBER 19 2u 21 22 23 24
SYSTEM NUMBER 22 33 12 23 3z 34
3 LUWEST 1 200 200 180 140 160 1560
TEST ] 2240 22 200 200 180 180
TEMPERA TURES 3 240 2 ad 28U 220 200 200

LUie AVG. LIFE i 6280 24666 4t 2 G400 6934 18897
AL TrST 2 P 670 1130 150 2070 5350 ¥ 53
TEMF « (HRS T 3 310 263 Fai T4 2300 L 400
95% LeCelediL¥ } al4é 3341 4058 6263 a6t 4 F55ud
VAL JES(HR S ¥ 2 1368 P2y 1621 2100 4538 S13d
@ lEmr 3. 1243 3 301 248 T30 154 2ot4 1317
GEAN KEGe LEINE 3 331 26¢ 151 167 3104 1135
2UsOUL Hadr  TEMP . ENDEA 1874 i85 LAY 16} 122 ot
[EMP . WA« ©3 bLeCabos 145 Lo 1 4% 160 108 55
30x000 Houre  Teas » LADES 182 1ot 141 154 108 P54
TEwiPe vaL{ ) La+Csls 1d 0 130 140 i34 32 148
4G5 OGUD HaUr  TEMF.INUEA e 173 136 150 92 150
TEMPs VAL 03 Lelebs 176 176 135 150 g1 143
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Table A2—Computer Readout Data, (Sheet 25) (Continued)

LISTING NUMEER

SYSTEM WNUMBER

3 LUWEST 1
TEST 2
TEMPERATURE S 3
LJdGe AVG. LIFE 1
AT TEST 2
TEaP« (HrS. ) 3
994 LeCelodNLY 1
VALUES(HARS ) b=]
BTEVIPSe 122&3 3
MEAN REG. LINE 3

20, 00U HYUK TEMP « INDEX
TEMP. VAL« C) L+Cals

30,000 HEUR TEMP.INDEX
TEMP+ VALSC ©) LsCobe

402000 HIUR  TEMP« INDEX
TEMPe VALC C) LaCels

LISTING NUMBER

SYSTEM NUMBER

3 LUWEST 1
TEST 2
TEMFERATURES 3

Lidle AVG. LIFE 1
AT TEST e
TEMP + (HRS.) 3

F9% LaColaNLY 1

VAL UESC(HRS. ) 2
UTEMP S, 1,243 3
MEAN REGe LINE 3

205000 HOUR TEMP« LNDEX
TEMP« VAL«C C) LeCols

30,000 HUUR  TEMP« INDEX
TEMP« VAL«C ) LeCel.

40,000 HYUR TEMP.INDEX
TEMF s VAL+C C) LaCeb.

25 26 27 28 29
40 30 31 ay 37
130 iéeo 160 180 3=10}
204 130 150 200 200
224 200 200 220 220

K-1-N¢ 13363 22104 7791 6as s
3245 2064 7211 3230 4540
953 2676 3145 240 12y

T2 12049 18442 6866 3Y53

2663 5410 392 2126 2870

81y 2407 26562 485 1039
127 2557 3U35 665 1369
les 150 161 170 161
160 1 48 ioy 162 147
159 142 154 165 153
153 133 150 155 137
154 136 149 161 148
148 133 145 151 130
31 3z 33 34 35
&7 63 45 51 5
200 200 200 260 240
220 220 220 280 260
240 240 240 30606 280
8996 2017 F 655 10093 9433
sS04 1137 1945 4046 3049
209 3ta 376 g0 1196

629 4 4367 4834 9565 8899
1017 1160 2106 3015 32y

146 302 526 833 i11é
179 308 553 84 11706
191 182 190 251 227
158 182 189 247 225
1 2. 177 185 246 220
154 177 18 4 241 214
18 4 174 laz 241 215
141 173 140 236 213

105

23

140
1 60
130
6427
730
430
4252
1153
214
3ié
12t
17
1eg2
111

b1y
107

36
o4

240
260
280

3500
2100
165

3330
1673
746
842
202
193
194
184
188
177




BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table A2—Computer Readout Data, (Sheet 28} {Continued)

LISTING NUMBER 37 35
SYSTEM NUMBER 59 &9
3 LUWEST i 26U 2480
TEST 2 280 280
TEMPERATURES 3 3086 300
LdGs AYGs LIFE i 6515 6662
AT TEST 2 2431 2292
TEAFP « (HHS ) 3 L3685 a5
95k LefebednbY 1 5666 6610
VAL GES(HR S ) 2 2608 21549
wTEMP S, 12243 3 1184 Tol
MEAN: REGs LINE 3 i2d5 771
20,000 HUur TEMP« INGEX 233 242
TEMPs VYAL( £ LeCobs z2ey 24l
30,000 HduRk TEMF . [NDEX 225 236
TEMP« WALe{ C) La+Csb s 220 235
40;000 Hdudik  TEMP . LaADEA 219 231
THEMF « VAL eL CF .Lallelne 213 230
LISTING JUMBER 43 a4
SYSTEM NUMBER 16 s3]
3 LaWwEST i 2640 240
FeEsT 2 280 260
FEdP kRATURES 3 300 2dl
Ldizs AVus LIFE 1 14593 ¥371
AT 3T 2 29 71a 3513
FedH e CHitS e 3 tus7 3943
P94 LeCebediNiY i tezay  Htdé
VAL UED(HR S ) 2 J33 47 et
G ireairse ba2ad 3 Gad 3472
woh AN KeGs Lide 3 375 3511
202000 HJUJR  TEMF« LNUEA 255 212
TE¥irr« YAl-e{ C¥ L+Cebos 203 et
Jths JUU dogdnr P e B4 249 L
Troire wviale 0 ©  Lellsle zad e
VRS IV IV I IR P « U EA 245 140
e e Wl 0 ) Lallala zd43 [ 4511

106

39

74

240
260
230

4192
Eg- 3
263

4154
EX ]
261
262

220
220

gis
215

21t
2it

43
o4
260
250
300
8401
3232
1200
K]
3047
|
1222
244
242
237
234
“3e
e

40

71

=40
260
Ky

3497
426
206
2147
591
igh

165

216
207

211
201

204
197

46
54
260
280
Kivie]
s6Th
24 &8
1209
3076
2392
tlz4

1174

41
73
264
240
300
FOUQ

Z2ity
585
433
2lz24
552
378

249
244

244
243
24t
239

41
Q4
2560
28U
A
11323
P'H3o
995
TS
R TeE)
&6la
Hi4
249
241

243
234

239
=

42
T4

264
280
300

5347
<1313
266
3939
243
i7é
236

243
238

238
233

235
229

&%

36

200
220
244

1507
1O
264

SE&EED
Piau
Ty

133
bdS
ida
End

Pl
b s
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Table A2—Computer Readout Data, (Sheet 27) (Continued)

Lisllone dueismr 49 SU o1 b 93 54
DTS e Navig eiss 57 40 % h g2 [quan T2
3 LJWEST 1 144 lau 160 260 220 220
Tesr < 200 200 180 240 240 240
P A TURE S 3 2«0 220 200 300 260 260

—

LJGe AVUe LiFE 13234 2956 12323 5539 ¥ 300 4410

AT TEsST = 5640 4003 3638 1942 3342 262
[EP « CAnse ) 3 Sze 6% é 3410 534 1426 240
F0% LeCaloednlY 1 12475 9363 11031 5321 3950 1614
VAL UESCARS e ) 2 2913 2713 6516 1693 3429 514

CTEMP s la2&d 3 a8 3 667 3098 315 1373 36
MEAN REGs LINE 3 6?1 s21 3806 3638 1403 152
205000 ddur  TEMP« INDEA 179 173 149 241 205 197
TEMFP - VAL.C C) LaCels 173 1 68 137 238 204 175
30:000 HIUR TEMP«IADEX 174 167 134 235 198 192
Terirs VAL.C C) LaCoL. 1 63 162 122 232 197 1 6%
40,000 HUur  TEMP«INDEX 171 163 131 231 193 189
TEMPs VALC C)  LeCel. 164 158 113 227 t92 164
LISTING NuMBER o5 56 57 58 59 60
L
SYSTEM NUMBER 87 54 60 75 T Ty
3 LYWEST l 190 200 170 200 190 190
VST 2 200 220 200 220 200 200
TEMPERATURES 3 220 240 220 240 220 220
Ldde AVGe LIFE 1 63173 7202 13849 7078 11905 14441
AT TEST 2 2154 390 4152 1153 43715 2948
TEMF « (HKS.) 3 450 156 370 239 1238 1239
9594 LeCaladiilY 1 5313 3552 13004 6527 10003 7905
VAL UESCHRS ) 2 2323 627 3922 1163 48 45 4178
@TEMP S5« 12243 3 407 76 354 220 1066 741
MEAN Riie LINE 3 460 113 393 235 1178 1050
20000 HIUR  TEMP . INDEX L7 R -1 137 189 182 152
[EviPs VAL «C( ) LaCel. 17175 180 186 188 181 175
3Us0ul HOUR  TEMP . INDEX t73 134 134 185 177 178
TEriP e VALSC C) LeCobo 170 176 153 183 175 i6Y
4Us UU0 HIUR  TEAP« [NDEX 170 182 182 ig2 174 174
TEAP« VAL.C () LeCals 167 173 131 150 172 165
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table A2—Computer Readout Data, (Sheet 28} (Continued}

LinPian WU Gl 62
Sroted wddioer (X g1
J uwiZoT } 190 190
Yeul 2 200 2l
Pemi ennturss 3 220 220
Lugs Avue LIFE i 161 8iul
LT TEsT 4 51 435
TEwmrr s Tripgae ) 3 is24 tugca
Y94 LeCetsdilf i 2300 g123
VAL UnSCitins e ) P 5342 4064
¢ lErFSe 12243 3 jov¥3 14l
mEfAN HEGe LINE 3 i 7779 108 &
20000 HJduUr TEMP « INDEA 179 1_ 18
TEwr s VAL.C C) LeCales 177 178
30,000 HJIUK TEMP.INOEX 173 173
TEM s WALSC G2 e Calia 170 172
40,000 HIur  TEAP<IVDEXA 167 167
Tl s VAL O ©) LoaCulaa 163 1 63

wxitn END OF DATA sxswr

TLetEs  B0.17 SECS.
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Table A3—Generic Name Index for Magnet Wire Insulation

Index No. Generic Name

A Polyvinyl Formal

B-1 thru B-7 Polyester

C-1 thru C-5 Modified Polyester

D1, D-2, D-3 Modified Polyester with Linear Polyester Topcoat

E-1, E-2 Tris-Polyester

F-1,F-2 Tris-Polyester with Linear Polyester Topcoat

G-1 thru G-8 Tris-Polyester with Linear Polyamideimide
Topcoat

H-1 thru H-11 Polyimide

I Amide-Imide

J-1,J-2 Nylon

K-1,K-2,K-3 Polyester/Nylon

L-1 thru L-5 Bondable

M-1, M-2 Aromatic Polyester Amide-Imide

N-1, N-2 Aromatic Polyester Amide-Imide with Poly Amide-
imide Topcoat

0 Tris-Polyester with Amide-Imide Topcoat

P-1, P-2, P-3 Polyesterimide

Q@ Polyester-Amide

R Acrylic

8 Single Polyester Film/Single Polyester-glass/
Glass/Silicone varnish

T Single Polyester Film/Glass/Double Polyester-glass

U Single Polyester Film/Dble Polyester-glass/
Silicone Varnished

v Polyester Film/Polyester—glass Fiber

W Polyester Film/Dble Polyester-glass Fiber

X Bare (no fﬂm)/Sing‘:le Polyester-glass Fiber

Y-1,Y.2, Y3 Silicone Modified Polyester

Z-1,2-2, Z-3 Epoxy
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Table A4-—Generic Name Index for Insulating Varnishes

Index No. Generic Name
1A Oleoresinous, Organic
2A thru 2F Oil Modified Phenolic
3A Oil Modified Alkyd
4A thru 4F Modified Polyester
5A thru 5E Phenolic Modified Polyesterx
8A, 6B, 6C Silicone Modified Polyester
TA Tris-Polyester
8A Diphenyl Oxide Polymer
GA Unmodified Epoxy
104, 108 Silicone
114 Experimental Solventless
12A Solventless, Two Component Epoxy
134, 138, 13C, 13D Polyimide (12% solids)
14A Amide-Imide
15A Acryhc

i
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