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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 thermal 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, 1976.
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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 first

analyzed and discussed when Steinmetz and Lamme published their 1913 paper,

"Temperature and Electrical Insulation" [11. 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.

In 1913 the accepted general temperature ranges for the three classes were

Class A- to 90C
Class B-to 1250C
Class C - to 1 50°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. It illustrates the generally prevailing belief that

electrical insulation suffered insignificant deterioration below 900C but that above 10o

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, 1050C, was taking hold as the representative

temperature for Class A materials, although V. M. Montsinger in his 1930 paper, "Loading

of Transformers by Temperature" [21, advocated a more conservative value of 95C. 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. t 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 = Ae-mt

where Y= life in years
A and m are constants that characterize the insulation
t = temperature in 0C
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 100C
increase or, conversely, doubled for each 100C decrease.
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In the development of functional evaluation there has been and probably always will

be one primary question: Have all the factors that produce measurable and significant

changes in the life been properly included? Naturally, the purest form of functional

evaluation would be the gathering of life data on the equipment itself when used under

specific field conditions. However, this is impractical 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

quickly 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, because 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 [31. rTo this end, coils were wound with about 30(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 0C. The assembled coils on the mounting rack are illustrated

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
1600 C. The effects of vibration were determined at 35 V d.c., from 0 to 5 g at 160C.
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

Li = AeBIT

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 + BIT). 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. 4-Effect of vibration on life of
Formex insulated coils at I60OC,
35 V d.c. dielectric stress. Lines a-b
represent 95% confidence interval

Fig. 3-Effect of voltage on life of
Formex insulated coils at 1600C,
1.0-g vibration. Lines a-b represent
95% confidence interval
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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-of-life 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 1050C for a normal life expectancy of 15 to 20 years. This same insulation
under laboratory test yields an extrapolated life of 5 years at 1050C. Based on this
information, a newly developed insulation "B", which also yields 5 years of extrapolated
life at 1050C, would also qualify for the same temperature rating. In like manner, if
insulation "C" yields 5 years of extrapolated life at 13000, it would qualify for a 1300C
temperature rating.

7
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It is 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 formal coated magnet wire, using IEEE and ASTM test procedures (7J. 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 10rC
temperature classification for this wire. On the other hand, laboratory tests have indica-
ted that at 1050C polyvinyl formal enameled wire, impregnated with the same varnishes,
yields 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 130WC to 2000C. 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 O00
h at the lowest test temperature. Figures 6, 7, and 8 illustrate some of the NRL investiga-
tions that support the 40 000-h 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-coated wires. The field-proven "benchmark" magnet wire (polyvinyl
formal) yields an extrapolated life of 20 000 h at 1050C 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-coated
wires, one common lifeline could be used for classification. However, experience has
shown that this is not always the case. In a number of eases 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-impregnated
electrical equipment) with enough years of field experience to earn a rating of 10&0C
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.

8
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TEMPERATURE, 0C 11/K SCALE}

Fig 7-Life-temperature characteristics of twist combination no. 10,
polyvinyl formal magnet wire with phenolic-type varnish
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io7D-VARNSED W ITH PHENOLC-TYPE

IMPREGNATrNG VARNISH (TWIST
N \ COMB. NO. 9S

A-UNVARNISHED (TWIST COMB. NO, 81

5-.-- - -

100 11D 120 130 140 150 160 170 180 190 2TO
.1 _
90

TEMPERATURE. 0c ri/K SCALE)

Fig. 9-Life-temperature characteristics of varnished and unvarnished
polyvinyl formal magnet wire
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Fig. lO-Life-temperature characteristics of unvarnished and phenolic-
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Fig. 1 1-Li fe-temperature characteristics of unvarnished and phenolic-
varnished polyester-overcoated magnet wire
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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-unvarnished lifeline of 20 000 h which had been established by unvarnished
polyvinyl formal magnet wire at 1050C. 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 1OWC 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 1800C, 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 years has pro-
duced even more reliable aging data than was available when polyvinyl 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 1800C 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 184CC, as compared to 1820C for the varnished
magnet wire twist tests. This 20C higher extrapolated temperature for the motorette
tests provides a somewhat more conservative estimate for selecting 1800C 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 100To 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 tuvarnished, the

temperature index moves up from 180WC to 186WC 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 silicone-modified ones, do not downgrade the thermal

life but instead upgrade it by as much as 120C, as illustrated in Fig. 15 and 16. Un-

fortunately, these varnishes have a considerably lower bond strength characteristic, 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 105WC (at 40 000 hi) to 115WC (Figs. 17 and 18). The 10500 tempera-

ture index was more or less arbitrarily chosen for the polyvinyl formal before field ex-

perience dictated it. Therefore, the higher figure of 1150C may be an appropriate rating

that would have been justified in the same manner as the 180IC rating for the polyester-

overcoated magnet wire. In fact, there is now evidence that the 105WC polyvinyl formal

rating may be a conservative figure. European motor manufacturers have been rating poly-

vinyl formal well above 105sC (at 120cC) for many years [81, and in this country the

transformer industry [91 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 use. 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 thermal life of new materials. The reason

for assigning these materials 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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Fig. 14 -Life-temperature characteristics from combined aging data for five
unvarnished twist tests of polyester-overcoated magnet wire
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Fig. 16-Life-temperature regression line and log average lives for polyester-
overcoated magnet wire twists varnished with modified silicone varnish
(twist combination no. 99)
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Fig. 17-Life-temperature regression line from combined data of five labora-

tories (total of 36 test points) for pOlyvinyl formal magnet wire twists

varnished with phenolic alkyd varnish
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Fig. 18-Life-temperature characteristics of twist combination no. 135B,
polyvinyl formal magnet wire with phenolic-type varnish

23

100

50

10

s

I

Iof
0

a
C

1.

Ut

Z'

0

.1
9l
I _ _ I



BRANCATO, JOHNSON, CAMPBELL AND WALKER

As for the second purpose 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:

I. "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."

2. "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 illustrated several years later during

the IEEE 117 round robin test program, when a neoprene-treated tie cord was used in the

fabrication of the motorette test specimens [111. The incompatibility was a reaction

between the neoprene and the polyvinyl formal magnet wire, causing erratic and premature

wire failures to occur under the tie cord.

It 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 carried

out, and the various test conditions employed.

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 ML-E-917D (Navy), covering the basic requirements of electri-

cal power equipment for naval shipboard use, explains clearly the differences between

materials classification and systems classification. Paragraph &5.l.10, in particular1 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 (sloa 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, employing

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 multiple 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. 20-NRL multiple-twist specimen voltage-stress tester

Fig. 21-NRL twist specimen forming jig
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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 rough 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 special 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 thermal 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 test pro-
cedure proved to be a significant contribution to screening and claifying magnet wire
according to temperature classes, it is limited inasmuch as it is no more than a materials
or component 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 [141 was developed to
meet the need for a more functional systems evaluation 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 between 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 certainty 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 procedure
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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laboratory in the round robin [151. 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 variations included:

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: 0- to 9.5-mm (0-3/8 in.} protrusion from slot.

Sleeving: None, 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, obtained at NRL and NSRDL, on a Navy standard insulation 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 design,
and room ambient variations there has been a wide variance in humidity conditions,
ranging from 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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Figuhre 29 is an artist's eutaway view of the chamber interior, illustrating the waterbath, cooling rack, specimen drawers, and mounted specimens. The NRL pilot modelillustrated in Fig. 30 when assembled is 42 in. wide, 62 in. long, and 52 in. high (1.07 x1.57 x 1.32 m). The chamber proper is 20 in. high and is mounted on a rack thataccommodates the heat exchanger, coolant reserve tank, and circulating pump. Thedouble-walled cover is the only chamber outer surface that is insulated and is heatedslightly (and thermostatically controlled) to prevent condensation and resulting drippingof water on the specimens.

Figure 31 shows the basic principle employed. The specimen rack is refrigerated bya circulating coolant (water) that is thermostaticaly controlled to maintain a specifiedtemperature differential between the specimens and the surrounding chamber air. Thisdifferential is independent of normal room ambient variations. Since both the heatedwater bath and the coolant are thermostatically controlled, this independence is limitedonly by the capacity of the system. Temperature control is not lost in the event thatthe room ambient should rise to a temperature above that of the water bath. The heatlost to the refrigerated rack keeps the water within the control of the heater, allowingthe balance of temperatures to be maintained. In case the room temperature falls belowthat of the cooling rack, control is preserved by the heat supply of the water bath heater.This balancing effect between heating and cooling systems eliminates the need for thechamber to be in a temperature-controlled room, as a conventional dew-plus chambermust be. The interior of the chamber was so designed that all motorette specimens wouldbe the same distance above the water bath and below the roof of the chamber, so thatspecimens would be equally influenced by such factors as radiating surfaces, air tempera-ture, and relative humidity. Figure 32 illustrates a specimen drawer and a set of 10motorettes mounted on an open rack. The mounting rack greatly facilitates handling ofthe specimens during the humidity, heat aging, and vibration cycles.
Figure 33 shows the rack of motorette specimens placed in the drawer with thefour-pronged quick-disconnect plugs in place. After the desired exposure to moisture, thespecimens are connected to a test stand by cables that lead to the receptacles on thefaces of the chamber drawers. A typical setup for this purpose is shown in Fig. 34. Thestand illustrated uses an improved NRL-designed test circuit that allows all components of10 motorettes to be stressed simultaneously.

After the research and development on the condensation chamber was completed anda commercial model made available, the Working Group embarked on a second roundrobin motorette test program Fiij. Figure 35 compares the combined life-temperatureregression analysis curves for the 1958 original round robin and the 1968 reevaluationround robin. It can be seen that the second round robin data yield a 150C higher tempera-ture index at 20 000 h than the original data.

In reporting on the second round robin, the Working Group stated "that it ispossible to obtain interlaboratory reproducibility with the proposed IEEE 117 Procedure."In spite of the refinements and established controls, however, the test procedure in two ofthe six laboratories varied enough that the results were considered outside the "testfamily." Because of this the Working Group cautioned that "inter-laboratow tests mustinsist on rigid adherence to test methods in all details if uniform results are to beachieved."
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Fig. 29-Artist's cutaway view of condensation chamber

A further detailed 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 10C.

A round robin test was then conducted between NRL and NSRDL to investigate the
degree of correlation that can be 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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I

Fig. 30-Pilot model of NRL condensation chamber

aging cycle, to be exposed to vibration, humidity, and voltage stress cycles. The results

demonstrate that good correlation can be obtained between laboratories if the condensa-

tion chamber is used under rigidly controlled 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 Figs. 37 and 38.

The main advantage of the condensation chamber with its 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 lOWC to 150C 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 2O3°C above the classifying temperature, the

Navy method produces an average life of 10 000 he The condensation chamber method

would require only 5000 hours average life. In many circumstances, partieularly in pri-

vate industry, this 50% saving in testing time can be most important.
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HEATED COVER (INSULATED AND
THERMOSTATICALLY CONTROLLEDI

COOLANT
TEMPERATURE
CONTROLLER

Fig. 31-Block diagram illustrating basic principle of
condensation chamber

Fig. 32-Specimen drawer and set of 10 rnotorette 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

quick-disconnect plugs in place
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Fig. 35-Comparison of combined life-temperature lines and 95% confidence
limits from 1958 and 1968 motorette round robin tests
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Fig. 36-Effect of moisture condition-
ing on the resistance of the winding-to-
ground insulation in an aged and an
unaged motorette

Table 1- First Failure Data'

1800 C 1600 C 1400 C
Parameter R NLM

N NR_ FMEL 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 174 176 558 585 2150 2054
Percent of standard deviation 17.0 15.2 11.6 15.9 9.5 7.4
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 5t 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 0C.

' Marine Engineering Laboratory, now NSRDL.
1:T-T means turn-to-turn.
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Fig. 37-Life-temperature regression line and 95% confidencea limits of

motsorette system RR2, tested in NERL condensation chamber
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Fig. 38-Life-temperature regression line and 95% confidence limits of
motorette system RR2, tested in NSRDL condensation chamber
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TREATMENT OF DATA

Calculation for Placing Regression Line

A complete method for calculating 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 [171. 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 IOIA-194,
which is an appendix to Ref. 17.

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

X Y - b Ex

X -X2 _ ((l2

where

X = reciprocal of the temperature, in kelvins

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 a and slope b of the regression line,, temperature t
(in degrees Celsius) can be calculated by

b
t = _ -273. (3)Y-a

For convenience, it is suggested that the log values for 20 000 h (4.3010 for log1 0

and 9.9035 for loge) and 1000 h (3.0000 for log10 and 6.9078 for loge be used for Y in
Eq. (3). Either log10 or loge 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 line 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 x 2 ] Temperature X I
(C) |( X 10°) (0 C ) ||( X1(0)

I ~~~~~~~~~~~~~~~~~~I
105

125

130

140

150

155

160

165

170

175

180

0.002646

0.002513

0.002481

0.002421

0.002364

0.002336

0.002309

0.002283

0.002257

0.002232

0.002208

7.0013

6.3152

6.1554

5.8612

5.5885

5.4569

5.3315

5.2121

5.0940

4.9818

4.8708

185

190

200

220

230

240

250

260

280

300

320

0.002183

0.002160

0.002114

0.002028

0.001988

0.001949

0.001912

0.001876

0.001808

0.001745

0.001686

4.7655

4.6656

4.4690

4.1128

3.9521

3.7986

3.6557

3.5194

3.2689

3.0450

2.8426
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Table 3-Sample Calculation

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."

51

Temperature Life x x2 y xy
(0C) (h) j (X106 ) _ . .

140 5548 0.002421 5.8612 8.6212 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

2; 0.013876 32.1360 46.8254 0.108662

N= 6

a Y - b X X 46.8254 - (8154) (0.013876) 11.0533aN 6

b N Z X Y - I X I Y - (6)(0.108662) - (0.013876)(46.8254) 8154
NE X2 _ ( X)2 (6)(0.000032136) - (0.013876)2

t (at 20 000 h) - b 815427 160
(- a 9.9035 + 11.0533

t (at 1000 h) 8154 27 18C.t (at lOQOb) = - a 6.9078 + 11.0533 - 273 = 181W
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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 (101 it
found a break in the aging curve at 2000 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 time1 Saito and Hino [18} reported "that the
relation between log (life) and 1 1T 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.
(See Fig. 41t)

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 be disqualified for
extrapolation purposes? Can any other method of determining expected thermal 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 to
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 years or
longer for field service trails before recommending or approving a new magnet 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 200 C, except where certain exceptions are allowed. Should the highest tempera-
ture point obtained yield less than 100 h average life, an additional point 1t0C lower
may be obtained. Extrapolation to determine the classifying temperature (temperature
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 150C over that obtained by extrapolating from the two lowest
temperature points, ar 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 point is to be
located at least t1oC 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
enamels used in five Navy motorette insulation systems
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Fig. 41-Comparison of four methods of thermal aging tests
using A-formal magnet wire [1&1

100 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

least 100C 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 using 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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Fig. 42-Example of aging test in which, for acceptable linearity, A must
be less than 20 000 h or B must be less than 150 C
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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 tine of all three

temperature points is extrapolated. This can clearly be seen m Fig. 43, where the Navy

test accepts the data and the IEEE 101 test rejects it. Figure 44 illustrates a ease 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 (150C and 20 000 h at the 40 000-h reference line).

100

MOTORETTE SYSTEM No. IS9 '

'a EMPLOYING POLYESTER WIRE N
AND PHENOLIC VARNISH

o} 10 - - -<---
x~~~~~~~~~~~~~~~~~

0
I

I-

.5

I tII I2IV

IEEE 101 LINEARITY TEST: -0.13

NAVY LINEARITY TEST: A -50 h
B = 100C

== I---ii _

N

1t I ~1

.1 I _ 

90 100 110 120 130 140 T50 160 170 180 190 210 23C

TEMPERATURE. 
0C 4l/K SCALE)

Fig. 43-Example of identical motorette aging data accepted by the Navy

linearity test and rejected by the IEEE 101 linearity test
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Fig. 44-Example of twist specimen aging data rejected by both Navy and
IEEE 101 linearity tests
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Fig. 45-Example of identical twist specimen aging data accepted by
Navy linearity test and rejected by 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%.
It 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 wasmade 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 all-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 bulk require-
ments. Yet in the interest of preservation of a very sizable investment, they must also
exercise good judgment in designing to maintain reliability in these circuits 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 (MI-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

(of)
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

Most 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 life,

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 1201. This method assigns a

factor of unity to the operations at any temperature other than the reference tempera-
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 T, by that at operating temperature T1, one obtains the equation of the

aging factor-vs-temperature curve as expressed by Whitman [211:

logER = log B --

or

where

R = relative aging factor

B = constant of the material

LO = life at reference temperature T0

LI = life at operating temperature a'

To, T1 = temperature in kelvins (CC + 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 equivalent

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 1050C is 10 000 h. Figure 48 is the curve of the relative aging factor

vs temperature, derived from Fig. 47. The factor is 1.0 at 1t05C, 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 at the rated tempera-

ture, and the following performance conditions are specified:

1. Normal current at rated temperature of 105 0C (MIL-W-5086A, 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, let

to = time of operation at 105 0C

tj = time of overload state = 5% of total time

T, = temperature at overload state

RI = relative aging factor at T1

100 = percent life at rated temperature of 105 0C.

Expressing the total life available as

to + RAtj = 100%.

and the specified minimum life as

to + t 1 = 80%,

solve for RB by substitution:

(80 - t 1) + Rlt 1 = 100

R = 5 + 1 = 5,
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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 RI = 5 is 1280C. 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 B-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 significant, 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 equally

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, ha

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 to sur-

face tracking or corona, mechanical rupture or deformation of insulation, and deteriora-

tion due to an inimical chemical or to dust environments may well determine the end of

useful life before full thermal degradation sets in.

Duration of Tests

Testing at present takes entirely too long and is too expensive. Some aging results

are influenced by the overly high temperature of tests, at which chemical kinetics are not

the same as at operating temperatures. Work should now turn 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 impor-

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 other

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 also 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 [221 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.

c. 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 40 000 h, when

considering data from the magnet wire twist test and the motorette procedure uising

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.

c. It is recommended that more sensitive measuring techniques be explored.

This should be almed 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 1 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 analysis 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

Tables 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 columns under these

numbers are given the three lowest test temperatures (1y 2t and 3). the 95% lower-only

confidence limit 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, 30 000, and 40 O00 h, along whth

the corresponding values for the lower-ornly confidence limit.

While 254 twist combinations and 62 motorette systems are listed in Tables Al and

A2, the number evaluated was greater than this. Many of the earlier 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 extrapolation 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 limits. 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 yields a longer life at a given temper-

ature (or a higher temperature for a given life) for the same degree of confidence than a

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 Vri Size

____ _____ ______ _____ t ____ ___

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 50 A 2F 18
1 6 51 A 2F 18
1 7 52 A 2F 18
1 8 11 A 5A 20
1 9 47 A 2D 20
1 10 135F A 2A 18
1 11 13 5B A 2A 18
1 12 13 5C A 2A 18
2 13 09 B-1 2A 18
2 14 16 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 C-1 1OA 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 26 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 1OA 18
3 32 98 D-2 NONE 20
3 33 99 D-2 10A 20
3 34 82 D-2 4E 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 ICombination I Wire I AWG

Number Number Number . Insulation_ V Size
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -r T 

4
4
4
S
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6

6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
so
81
82
83
84
85
86
87
88
89
90
91

119
321
322
373
340
341
342
343
344
303
305
306
307
308
309
310
361
362
259
260
261
262
263
264
265
266
283
285
286
267
268
269
270
287
288
253
252
251
250
249
356
357
358
359
232
233

D-2
G-1
G-1
0-1

G-1
G-2
G-2
G-2
G-2
H-1
H-1
H-1
H-1
H-1
H-1
H-1
H-I
H-1
G-4
G-4
G-4
G-4
G-5
G-S
G-5
G-5
G-S
G-5
G-5
G-6
G-6
G-6
G-6
G-S

G-6
P-i
P-1
P-1
P-1
P-i
H-6
H-7
H-8
H-9
P-2
P-2

5D
NONE
NONE
9A
NONE
4E
2E
6B
10A
llA
NONE
NONE
NONE
pioINONE
4E
4E
4F
9A
NONE
4E
1A
7A
NONE
4E
lOA
'7A
6B
6B
GB

NONE
4E
10A
7A
6B
2D
4E
61

1OA
2D
NONE
NONE
NONE
NONE
NONE
NONE
2D

20
2G
20
19
18
18
18
18
is
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20
20
20
20
20
20

20
20
20
20
20
20
20
20
18
is
18
20
20
20
20
20
20

72

U

i
i
i
i

---I

i
i
i
i
i
I
Ii

- - - - -- - - - -
- - - - - - -

- - - -

- - -

I

I
I
i
i
i
i

-j

i
i

j

i
i
i
i
i

I

I

-



NRL REPORT 8095

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

Sheet | Listing Combination Wire Varnish AWG
Number Number Number Insulation Size

T----- T-- 1ri 1n 1I

8
8
8
S

8
9
9
9
9
9
9
9
9
9
9
9
9

10
10
10
10
10
10
10
10
10
10
10
10
11
1i
ii
11
1i
11
1i
ii
ii
11
11
1i
12
12
12
12

92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
lll

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

234
235
236
295
302

06
24
25
19

015
016

86
87
89
90
91

271
206
201
208
76
88

294
279
280
281
282
289
301
298
299
345
346
347
348
349
350
351
352
353
354
355
325
327
329

P-2
P-2
P-2
P-2
P-2
B-2
B-2
B-2
B-3
B-3
B-3
H-1
H-1
H-1
H-3
H-1
H-1
H-1
H-1
H-1
H-2
H-2
H-1
E-2
E-2
E-2
E-2
E-2
E-2
J-1
J-1
K-1
K-1
J-2
K-1
J-2
L-1
L-1
L-1
L-1
L-1
L-1
M-1

M-1
M-1

10A
6B
4E
7A
7A
5A
NONE
2A
NONE
4E
2A
NONE
lOA
10B
10B
13A
4E
NONE
iOA
13C
NONE
13B
1OA
4E
lOA
2D
6B
NONE
7A
NONE
NONE
NONE
4E
2D
6B
lOA
NONE
2E
4E
7A
lOA
6B
NONE
GB

lOA

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
36
20
20
20
20
20
18
24
24
18
18
18
18
18
20
20
20
20
20
20
18
18
18
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification (Continued)

¶ Sheet I Listing Combination Wire Y
Number Number Number Insulation

12
12
12
12
12
12
12
12
13
13
13
13
13
13
13
13
13
13
13
13
14
14
14
14
14
14
14
14
14
14
14
14
15
15
15
15
15
15
15
15
15
15
15
15
16

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

330
371
372
374
375
363
364
365
217
237
238
239
240
241
242
338
290
291
185
186
188
189
313
314
315
317
300
254
255
256
257
258
132
133
148
177
293
139
140
141
154
155
156
157
158

M-A
M-1
N-1
M-1
M-i
H-4
H-4
H-4
H-S
0
0
0
0
0
0
0
H-10
H-1
I
I
I
I
I
I
I
I
M-2
M-2
M-2
M-2
m-2
M-2

H-1
H-1
H-I
H-1
H-1
E-1
E-1
E-1
F-2
F-2
H-1
H-1
H-1

7A
10A
10A
NONE
NONE
NONE
4K

IGA
NONE
NONE
GB

7A
4E
2D
1QA

12A
NONE
NONE
NONE
1iA
4E
14A
NONE
NONE
NONE
4E
7A
NONE
2D
10A
GB

4K

NONE
13B
BA
13C
1DA
NONE
2C
10A
NONE
IGA
NONE
9A

GOA

AW
Size

18
20
20
20
20
is
Is
18
20
20
20
20
ZQ

20
20
20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
2a
2020

18
20
20
32
23
23
23
20
20
20
20
20
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification (Continued)

Sheet Listing 1 Combination W Wire Varish AWG
Number Number Number Insulation Size

16
16
16
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17
17
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

159
160
292

95
96
97

108
109

57
84
85
92

366
368
370
367

55
56

101
102
103
104
105
106
107
116
117
118
119
120
121
122
130
131
136
137
138

2
3

34
07

013
014

12
13

H-1
H-1
H-1
D-3
D-3
D-3
D-3
D-3
B-7
H1-3

H-3
H-3
L-3
L-4
L-5
L-2
B-7
B-7
S

S

S

T
T
U
U
U
S
S
T
T
U
U

Q
Q
B-6
B-6
B-6
W
W
w
V
V
Y-1
Y-1
Y-1

6B
4E
IOA
NONE
lOA
4A
NONE
lOA
4D
NONE
lOA
13A
NONE
NONE
NONE
NONE
4D
4D
NONE
4A
lOA
NONE
10A
NONE
IOA
NONE
4A
lOA
NONE
10A
NONE
lOA
NONE
2C
NONE
2C
6C
lOA
4D
NONE
lOA
2A
lOA
NONE
6A

20
20
28
20
20
20
20
20
18
20
20
20
20
20
20
20
18
18
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
18
18
18
20
20
20
20
20
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Index to Computer Data Sheets (Table Al) and Twist Sample Identification (Continued)

Sheet T Listing f Combination Wire Varnish AWG
Number j Number Number Insulation j Size

19 227 14 Y-2 NONE 20
19 228 15 Y-2 13A 20
20 229 010 Z-1 SA 20
20 230 22 Z-A 6A 20
20 231 58 Z-2 NONE is
20 232 59 Z-2 ZA 18
20 233 60 Z-2 2C 18
20 234 61 Z-2 GA 18
20 235 62 Z-2 VIA 18
20 236 80 Z-3 NONE 18
20 237 81 Z-3 2G 18
20 238 017 X 10A is
20 239 018 X 2A 18
20 240 022 X 2A 20
21 241 023 C-5 5A 20
21 242 024 C-5 1iA 20
21 243 23 C-S NONE 20
21 244 31 B-5 NONE 20
21 245 32 B-S 2B 20
21 246 41 B-5 2A 20
21 247 43 C-2 4E 20
21 248 44 C-2 NONE 20
21 249 74 R NONE 20
21 250 75 R I5A 20
21 251 78 Y-2 10B 20
21 252 79 Y-2 NONE 20
22 253 128 C-4 NONE 20
22 254 129 C-4 2C 20
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Table Al-Computer Readout Data, (Sheet 1)
LISiTING NUrBEi I 2 3 4 5 6

Cui'ir8l1.AUIN NUflJEJ d 9 1U 46 50 51

3 LJIESf I 1 120 1 30 1 40 1 40 1 40 1 40
FEST 2 1 40 1 40 1 60 1 60 1 60 1 60

FEArEEAi^UtEs 3 160 1 60 180 10 160 180

LJG. AVG. LIFE 1 7644 10U54 5714 478 3864 4216
A frF 2EI' 2000 452o 2572 1 5d 7 756 1 53$

rlr3, (Htfb- ) 3 562 1 402 1002 756 618 568

95h L.G-L.ONLY 1 6903 9412 b532 4209 231d 4166
VALUFEs(HdS.) 2 1916 4843 2332 1691 1066 1492
[I'f r3. 1'2&3 3 b27 126$ 975 663 363 565

iL8tAN t<EU- LINE 3 564 1 357 1042 720 465 579

20s000 H3JU TE~irE.I.DEA I07 12U 11 6 1 13 107 1 14
EirH . VAL. C C) L.C.L. 104 1 19 1 1 3 109 66 1 13

30,000 HJUR 'EIPWt.INAEA 102 115 109 106 100 107
E-il-'. VAL.( C) L-C.L. 99 1 1 3 10b 102 79 106

40,*000 -10H fEM.PI-NDEA 98 1 1 1 103 101 95 103
LENI-H. VAL.( C) L-C.L. 95 1 I0 100 97 74 102

LISTINU NUM-0rEt< 7

GU0M81A1JIu NOdt)rc 5Ž

3 LO.4Eb5 1 140
£tSU 2 160

fEilik'Ei(A fI UES 3 160

L80. AVG. LIFE I 3400
Al lEST 2 1564

I Emer * ( H.f b . ) 3 b6d

9:1. Lu.C.L.JNL 1 333u
VA4L 'Jeb( H,:D - ) 1 3 iM 

a'1&iwŽ. 1'2_3 _'i3 6U

'1iFA ISrU . LINE 3 600

;7J000(JU H0uf8 ft~r,'.I .'JoK ld

IiEf'- ViAL.( C) L.U.L- 104

3U000UU atu1. I o4ln ff., jv 0DA 101
l iE r. VML.( U) L.U.L. 97

4J,0(uj JnJu ; I Ll'llI.4 , 9 o

ic citi. VrAL .( U) L . C .- L . 9

8 9 10 1 1 12

1 1 47 1 3SF 1 350:3 13bC

140 140 140 1 40 140
1 60 1 60 1 60 1 60 1 60
d0 18d0 180 160 10

I 11Ž19 82Ž77 6039 4692 5365
5162 3696 14b2 1264 1365
1096 1 1 73 684 612 b03

10556 7949 4834 3905 4726
3 i5 6 306d 1 660 1 442 1 446
liU51 11 37 b4 507 442

1Ž76 165 619 S65 480

133 125 120 11 5 1Ž0
126 122 115 110 118

127 11d 114 106 11l
I 114 10A I 103 112

1 I 114 1I9 104 1 1 1
1 7 IU-i 1U4 99 1) 0

77



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al -Computer Readout Data, (Sheet 2) (Continued)

U13aTIXS 9~ou./'sts 13 114 1I 16 17 16

UO'I'3I Af , l& N0Et8 >sz~ii09 1 6 1 'I 1 6 43 ;'-

3 L6ib 1 1 60 1 60 60 1 60 HOi %Y L60J

lYESl 2 1HO 2JU0 6oU tL o L JOl 2Ž3J

flr'LlYHEr<'sLtUrE, 3 Ž00 Ž20 aQuo 2uO Ž20 Ž
t
k

LUG. AVG. LIIE i 3 i 9 91 o37Ž 29'74u 10344 10L9->
Af ifrZ i2 46 9 4 37 1 6 70 S6 ( A2 41 Ž

1L#te. CHXw J Ž7 4'2 t52 a6 3 i 316 112 I 6-7

9Ij/o L.eUL.UNL1 1 12616 i' 9 ld 6 2 3194 2r-11 969 6 l:- tff

VALUESCH-,{S-) 2bb364 L41 610 0)' 62 46 3U05 T1(4

91304r'3. I,Ž&3 3 2224 526 2636 2631 6 6 2>1

mEAN KEG. LIo 3 23b09 66U2 294 2891 1004 2 UG

20,O4U $4ojU: TEivW .INDEA 1S3 173 16 5 16 165 196

fEita. VAL.!( U) L.U.L. I so 1 69 1i63 16 54 1 6d 1' 96 

30U U 0 HJ0 J ,',r . iA, 0 dlt i 45) 1 68 1 i36 I S9 166 194

TrrL4h- VAL. ( C) L.G.L. 1 41 1 b3 I t3 I n1 16Ž 6 1)Ž

4U0000 HIJUC fLEv P.-IOEA 14U I6 13 13 i4 162 19Ž
IUhwiff. VAL~( G) L.C.L. 1 34 139 130 15 166 189

LLS,'1'1.46 AUolO6Er< 19 20 2 Ž2 i 23 24

(sU41314AA'11S NOBEk 66 67 1Ž3 1s24 126 126

3 LJWE Sft I20 19 L 0 200 20UU 200 20-
[ES f 2 2Ž0 00 22o 220 I-o ŽP20

fE rrE NAfu3 f 3 Ži40 220 c4AQ 240 ŽdiO 240

LOG. PsG. LIFE I 10b376 1 420U 1Ž22 c0 d13 6 16 S 9 6 1- L I

AT fESI' a 3970u 6334 1425 2473 1848 1396

Ith'E9.( (Hr(s. ) 3 466 3 190) 31 5 S 6 '564 406i

93 L L-..L.-JLY I 9746 1 1 S1 6 10133 842I I 4U9t /i 46 J

VALUEbS(Ni'z) 2 7341 7366 1609 c66 2273 163}

4Tsirs.lsh l#'d3 3 442 266 26S6 494 4i11 362

Nt6AN SEG. LINE 3 o6i ja IU 286 sc 4s 490 399

20,00 00 dJuf9 f Eivf . 1 A 0 13A l1 194 190 i96 169

TEMP. VAL.( C) L.U.L. 1 90 1 '18 193 168 1 3 166

30,000 HcO8 TEritl .I 14D EX 190 174 i 90 1v > i1 i s 1 64
f'ar'. VAL.< C) L.G.L- Id4 1 69 169 163 186 1 63

40W000 H4OsE 'FT&4e.-IU4EA 167 1 69 166 162 160I 161

TFEM. VAL.( C) L.U.L- 161 163 166 179 165 t 160
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Table Al-Computer Readout Data, (Sheet 3) (Continued)

LISTI.JG NJdBinE 25S 26 27 26 29 30

UOiBINAH4TION i UMBEHE 127 71 72 '73 66 69

3 LOWEiS I 20U 10 160 200 190 1I0
fES'T 220 200 20U 220 200 200

fLbvHitA tURES 3 240 22u 220 240 220 220

LOG. AVG. LIFE 1 9509 45662 27772 7403 13933 20606
AT Tsr 2 1d48 3925 4357 2047 4493 2744

TEMP .C(dr~b.) 3 406 2b72 2959 102 1342 1352

9SX L.U.L.UNLY 1 946d 22008 16374 6532 10711 13014
VALUS(HHS5. ) 2 1646 6418 6191 943 5221 3726
fEiMH3. 1,2&3 3 407 1213 1724 93 1071 845

MEAN x EG. LINE 3 406 1644 2332 141 1249 1099

20.000 NUso fEHP.INLDEA 191 187 162 194 164 176
i'E4r'. VAL.( G) L.C.L. 191 162 176 166 181 173

30.0U0U HJUn [EHP.I.-ODEX I87 182 175 191 179 173
TEsr. VAL.( U) L.C.L. 167 175 167 384 176 167

40,0OUU OUHR [EM¾ . INODEX 164 176 171 168 176 169
tEt-'. 9VAL.( C) L.C-L. 1d4 170 161 182 172 162

LI S'ING 'UJbiEN 31 32

GO'IdNAl0'lJ NUMdIEh 70 98

3 LwJrW f 1 20U 2U0
lES rT 2 220 220

UEM r'EHATUKES 3 240 240

Liu- nVU. LIFE I 6959 9036
A 1 j1t7 2 1 492 29Ž4

Ti., (tic<b.) 3 603 504

957. L.C.L.UNLY 1 4929 6605
VALUEWS<K-S.) 2 1832 2153

eJT rPSiI. Iji2&3 3 D65 46 7

'EA'J t6RU3. LIN,9r: .3 69 b D 7 -q

2Ž0U00 HJUN TfE r- L.'0L, IdI 191
I'ir. vL.! C) L.U.L. 173 1 6

30.J du H) l u< i rjH *. . I 'J 11 b I '14 16Id
&ijr. VAL.( G) L.C.L. 1 6b i3

4U'UOO 6-JlU Ir"rl'- 1 urtA 173 1o3
It'L'i. VOL.( G) L.C.L. 160 179

33 34 3S 36

99 82 100 161

200 U00 200 200
220 220 220 220
240 240 Ž40 240

9706 65u2 7632 6644
2356 1 54 23b6 22bl
360 2'47 624 576

9333 6267 7460 6485
1645 1250 2119 1927
350 2/41 614 566

399 273 6s2 615

193 109 167 165
191 1c56 165 163

1 69 134 161 179
166 162 io 177

186 11 177 175
163 176 1715 172
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al -Computer Readout Data, (Sheet 4) (Continued)

LIStIN~G NiUOBER 37 3d 39 40 41 42

C0iB3INATIOLUk N,4 iti 63 272 273 274 215 21 6

,3 L Lw9ES IP:U 200 190 190 1 390 19U

i'EST 2 220U 20U 000 0 20 U 200

TEit EnATU r•S 3 240 220 220 220 220 220

LOG. AVG. LIFE 1 61 01 3671u 94 77 1 6509 1 1679 1 l-07

AI fEbit 2 2357 8122 6560 6225 6 31 6217
TE[Ir% (HrS.) 3 396 1 426 L014 126) i 596 1932

95X L.U.L.N4LY 1 7762 1 6779 9499 1 6610 12004U 11183

VALUES( rRS ) 2 1 79 1 7285 5704 700o2> 6296 6389

OTEMPS. 1I2&3 3 384 3363 19Ž4 12o1 1469 1793

M EAN MEG. LINE 3 445 1471 2094 1317 1723 20a70

20,000 HOU0 EMIe - INDEA 190 19 1 18 I9 165 183

I-EP. VAL.! C) L-C.L.- 188 16 176 18 1i2 IdG

30,000 dUOO TEMP.IO-EA 186 384 172 185 180 1 7 7

TEMP- VAL-( C) L.C.L- 162 163 169 183 176 173

40.000 HOLd IEM-IP.iNEA 182 181 167 162 176 113

TEMF. VAL.! C) L.C.L- 179 180 163 10 172 168

LISTING NUMEBKt 43 44 4b 46 47 46

COUBMINATION NUMBEd 277 276 396 199 321 3Ž2

3 LOWEST 1 190 19U 200 200 90I k190

TEST 2 200 2O 220 220 200 20U

TEiPEXATUXES 3 220 220 240 240 220 220

LOG. AVG. LIFE 3 10671 16710 5520 5520 16943 12t976

AT TEST 2 6188 9202 1932 1932 7 43I 37i1
TEt'. (t-is.) 3 1491 1646 516 466 lL61 i060

95% L.C.L.ONLY 1 I0422 16 797I 5392 5358 16765 9630-

VALUES(HRS-) 2 5468 8019 1663 1595 6772 4615
W&TENPS. 1}2&3 3 I368 1t774 bud 458 1114 636

MEAN MEG. LINE 3 1534 1919 55) 508 1 19 9i5

20*000 t-tdou 'fEM4e.INX 162 1I9 162 183 1i6 163

tEvr'. VAL.( C) L.-.L. 180 38s 179 160 1d8 161

30,000 HOUd T@rlPtJL )EA 177 184 176 1_17 186 179

TEWH. VAL. C) L.U.L. 174 182 173 174 184 1 75

40s,000 NOON FEMe- lINOEA 173 180 172 17$ 182 176

ThEsP. VAL.( U) L.U.L. 170 179 169 169 161 172
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Table Al-Computer Readout Data, (Sheet 5) (Continued)
LISTING NUIBEd 49 5O 5I b2 53 54

CUOBIJAIIN NUMilBER 373 340 341 342 343 344

3 LU WEST 1 160 20U 2U00 200 0 20
TEs 1'2 200 220 Ž20 220 220 220

T EHrE KA fu sE 3 2u0 240 240 240 240 240

LJG. AVG. LIPE I 65t4 19009 62~d 47d1 1247 I 640 1
Al' TESF 2 3262 3269 I bob 17b7 3269 2765

TEie.(HRS.) 3 1092 106d5 720 596 1065 91 7

95b L.G.L.JINLY I 6437 lb447 49i37 4635 11633 6027VALUES(HNS. 2 2965 35 b7 1 754 1633 3366 2372
U FEn6rs-. I P&3 3 1U62 8 76 370 582 1026 870

MEAN XEG. LINE 3 1134 988 649 61b 1060 973

20.U00 HOUd fErle.INUEA 166 196 1 79 1 76 193 180
TEMP. VAL.!( ) L.C.L. 164 1 96 1 7b 1 74 192 176

30,U000 d@U CEMval. IN3E4 159 193 173 1 'j 18'7 173
fELt'i. VAL.( [) L.C.L. I 57 191 166 1 67 186 168

40,00U HOUr 1tVl r I IN0EA I I "o 169 1 6b 183 166
lErIr'. VAL.( U) L-.UL. 1 167 16J 1i 6 162 1 63

Lf 1 -b1'1,o UMEd 55

j L 6 I 1 2 60

tir'tAE A F rjEs 3 3U

Ld6. AVl. LIFE I 4544
AT Sfrsr 2 1636

95b4 L.GUL.JNL' 1 4237VALUEi ( rs. ) 6 I b5
UfEortHs. 1,2&3 J 496

vMEAN hsŽ. LINE 3 1)67

Ž0,0o0u H30J6 f iEH.INO 9LX a7
TEAH. ifAL . ( C) L l.L. 231

3UUuO H- u,- I Eli L).±DEA 23U
TErP'. WVL.( U) L.C;.L.

4UJO UU Hurl4 f KEir' . IA0oW Ž26 e
TE~iti. VAL. ( U) L.t>,L. Cl 9

b~ 6 tj 7 ,s

3J uh .06 307'/

Ž &u a6 h 60
6-cu 26'.0 ŽoU
3J 33 o 30o

[2559 12559 9936
2140 2464 127'12
7Ž0 1i 5?U 6-6e

2d466- Ž05;i 1 67DIv 04l U6t II IJ4'/~
75e 642 3I 6

J53 253 24s
Ž5)0 - ~' 6-3Ž i4flAZ

Ž45 247 -v36s

Ž4 /I A 241
241 243 Ž 3;w

29 6j 60

.30(0 300

6 5 7 3 3 1 09
912 1540
526 6 1 720

3E~ft) 3~ L)

1 6 I y 412

241 rA1t

23~6 •0u's

Ž6- Ž 0 ~t {

6-36- 2uŽ
223J 2.3
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-Computer Readout Data, (Sheet 6) (Continued)

LiSTING .4AUIobEs 61 62 63 64 6D 66

UO)Ai3,ATIJ- A N E 31ULi 3 61 362 239 260 ?651

3 LOWESM1 26i 6-6-1 2Ž0 I uO 200 U t)0

LESt 2 2'U6 240 ' 240 220 22 'aL2

FhrvitLdIATUNES 3 300 260 260 840 240 240

LOG. AVG. LIFE 1 2312 1t975 144 71 3>763 tuo75O I21>33

AT TEST6' 2 996 9396 104328 682 202? 5699

TEflM->. !H-t$) 3 370 " 300 >2'29 6475 1260 2164

9 5Z% L.C.L.ONL'( t 22 l [ 1167 13911t 19-36 6657 19 361

VALuE.1f-NS. ) 2 90i2J 6076 6806 10641 3103 6420

TiEAmS. It2&3 3 355 b563 S065 4954 [U711 1959

mLANq KEG. L INQE 3 38 4 5643 5611 5,515t I I I6 2062e

02000 NOUN T[Ei'.1 0,4DEX 220 200 2 11 204 187 200-

LEAvP . VAL ( C) L.C.L. Ž15 191 04 a20 164 199

30Us00 SOLt/N f - I$.ILOEA 213 184 197 193 16u 194

t Ein-. VAL . C) L.U.L. L L 206 [71 166 187 177 [93

4U0Ui00 -lJOO t'ilfDEArOEX 206 1 '13 166 136 176 190a

TEiP. VAL.( C) L.U.L. 0U3 [58 [17 176 t[7Ž 166

LISt1N4G NUMBER 67 68 69

GUmdikti [AION UNdBEEA 26' e-63 264

3 LOt/Sf I 200 Ž00 200
lEbt 2R 22U '20u 220

TPEirit'EcA OrlEK ES 3 a 40 2 40 2 40

LOG. AVG. LIFF I 1 7322 30343 12469

Al 'TESf 2 >424 6625 2772

TEii-. (riS.) 3 21d4 3316 1260

957. L.U.L-0S4LY I [6Ž44 23565 9823

VAL UES(HNS. ) 2 5663 1 0451 32 33

6LEArps. 1,243 3 2045 41 10 98

MEAN tKEG. LiN.EF 3 21-2P 4743 [ 1 3i

20.0U1O HOON T'r KM. IN L EX 1i9 7 0U 7 191 3

TEmlr'. VAL.C G) L.G.L.- 196 204 166

au0u00 NOUK t'LmiF.t 4NUEA 190 196 [85

tLEjV-'. VAL.( U) L.U.L. 169 194 181

40su00 NOON Tf 'lt- . i' 41A 16i3 192 1 1

IfrMH. VAL-.( ) L.U.L. 164 167 176t

10 71 72b

ie6- *266 263

Ž0 2410 20u

240 36u 240

i9134 15932 2 6646

9226 1846 31 6
28 56 64 1 t40

Ž69U6 1 >540 16s 33

8 19 4 1 -7 1i7 407' 6
2640 6Ž8 77 2

2913 I 649 960

2Ž6 [97 ' U11
-206 196 [99

19 [3 19 It{'

19> 16/, [94

1 16 1: 90
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Table Al-Computer Readout Data, (Sheet 7) (Continued)

LISTING NsMOdEN 73 74 'is 76 77 76

;un6jt3INrAT'iJŽ NUMBER 28S 266 267 266 269 270

3 LJWESI 1 200 200 200 2U0 20U 2U0

T ET 2 820 22U 220 220 220 '220

Ile4'Er<A'1 KrES 3 240 240 240 240 240 240

LJU. AVG- LIFE 1 16731 9347 36960 9045 I4927 16546

IAi TESt a 3156 156U 11307 2772 11996 3967

aEv .!(HNXb.) 3 1140 416 4841 1092 4072 1646

9b/X L.C.L.ULLY I 1 14439 7657 34799 6469 14044 14234

VALUKSC HrtS. ) 2 371 5 1760 11566 -2692 6'244 4726

siT~vlrS. 1,2&3 3 6-14 390 3990 1024 3696 1410

mEAN RtO._U LINE 3 1019 439 4336 1061 4772 1641

2U0 000 HOtJi TEPiPe.I.ADEA 196 190 210 166 196 197

m'vr'. VAL.- C) L- C.L. 19b5 [6 2130 185 16 194

30,000 HdUrc fETler.i.I41EA 193 165 203 18O 165 191

1li4r. vAL.C C) L.C.L. 190 [62 203 176 171 167

40,000 H-Ui C'Ir'E.INOL)EX 189 182 198 175 177 166

lE'iP. VAL.( C) L.C.L. 166 1'19 19d 174 161 182

LII 1 N 9Undi A 79 60

uUMOINATION NUMiiE* 'Ž67 2d8

3 LJOEST I 200 200
TES1 2-2Ž0 220

IEr'V.•EA 'i U< E S 3 Ž4O 2 40

L.JU. AvO. LIFF. I 2U081b 6660
AT iES T' 2 3660 1 140

I Eit'.C^ri<S .) J t476 55U

93/, L.U.L.'NLY I I -1>96 4629
vO;LUSv(tci<S. ) 2 4410 U 1 4

JFF-W>a~o. twclpŽ'. 3 1 111 3 1 J7

mlnAON j-Ec. LINE 3 I 1U2 466

20,UOU H'uoic f r. 1wt 1 9 1 o2

Il.r1'. vAL.( U) L.U.L. 196 176

jUOLU rtJuc 9 EqrH'.I.NUEA I 3 17 7'

lrIrtv. WVAL. U C,) L.C.L. 3 i90 370

/40,000 H-0KJ lEirr.i9JDEA 190 173
Icr'jP. ViL.( C) L.C,.L. 186 16b

$1 62 83 84

253 252 251 250

200 200 200 200
2 23 220 820 220
2240 240 240 240

iO735 20264 16073 -273
:3771 3030 3773 2763
1251 1909 1625 1326

10636 i2U35 12597 6748
35S5 4264 4441 28'17
3Ž43 3121 1423 1229

1 26 3 1 b09 3635 1269

190 197 195 379
169 190 193 176

16> [91 186 171

lo2 162 364 1 6d

179 367f 163 165
1 3I t 7'7 119 163
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-Computer Readout Data, (Sheet 8) (Continued)
Ll6fIt,4G6 6 nE, 6 66 6?t 8d 8`9

uOrsoINAIjJ~, 'vuBER 249 3>6 357 366 3i9
3 Lv)WEST 1 200 Ž60 2_60 2611 261TEST 2 220 2d0 21 2U 260 0PEMPHErATUkES 3 240 300 310 a30 31111

LUG- AVG. LIFE 1 29826 6966 7 596 969d 6a53AT JEST 6 8439 1356 I [24 2952 2364T EMP . ( HU k 6 3 41u19 b28 624 1236 1200
9s4 L.C.L.-OLY 1 25226 ;Sa3 594 1 8919I 6946VALuESCRoS.) 2 9442 152 17d9 31 56 2712@TEMPS. 1*223 3 3379 418 489 11t2 971
MEAN REG- Lli.E 3 3717 476 S60 111 10 L94

20.000 HOjR TEMP. INDEX 206 244 24b 247 243TEMP. VAL.( C) L.C.L. 205 240 241 245 236

30oU00 HNUr TEsP.INLDEX 199 239 239 240 236TEMP. VAL.( C) L.C.L. 197 234 235 238 231
40.000 H-JUk TEM13 .INuEA 193 235 235 23D- 231TEFM1p. VAL.! C) L.C.L. 191 230 230 233 225

LlSTING N&UM8ER 91

COMBINATION NUMBER 233

3 LOWEST } 200
LEST 2 220

TEMPERATURES 3 240

LOG. AV'. LIFE 1 6767
AT TEST 2 33767

TEMP .SH HS' 3 1169

95% L.C.L.ONLY 3 6457
VALUES(HRS .) 2 2876

@TEv'PS. 1.2&3 3 1129

MEAN NEG- LINE 3 1310

20o000 HoUR TEM$. INDEX 3SO
TEMP. VAL.( C) L.C.L. [ -3

30J000 NOUX TEMP. *NDEA 172
TEMP. VAL.( C) L-..L- 164

40,1000 -OURs TEMP. 1N4EA 1 67
TEMP. VAL.( C L.C.L. 1£6

92 93

234 235

200 200
220 220
240 240

19535 25351
5531 5$16
1844 920

19027 2490-5
5627 4630
1795 909

1823 965

[99 203
199 203

193 199
193 196

18 I [js
16I9 195

94 95

236 29 5

200 200
22U a'20
240 240

[3532 8464
3767 4211
1uds 2164

13470 8448
3667 4167
1084 2181

[100 2189

194 17i
[94 176

[89 168
188 168

1i5 t61
[84 161

84

91

232

200220240

1 a5-44

d435
4501

13375
77a1
4469

4666

t18
18~6

1 76172

167
163

96

302

200
220240

109 60
4467
1846

109194363
1843

t866
1666

168188
doo

180

175
174
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Table Al-Computer Readout Data, (Sheet 9) (Continued)
LISTING AUvnjuErt 97 96 99 IOU 301 102

UOdibINATI[SN NUMi3BER 06 124 2b 19 0[5 016

3 LdwESTf I 1 60 3 10 10 [680 160
TEST 2 160 1 O IO 200 200 180

'fEMPEwATUMES 3 20u 200 200 220 2c0 200

LOU. AVG. LIFE 1 5040 4407 a536 27432 11 573 18278
AT TlEST 2 26134 1341 2424 5280 4835 436b

rEl'l' . (Hxs. ) 3 793 430 540 1 714 646 2568

9S7. L.U.L.ONLi' 3 4796 4228 526b 23399 10660 1 3362
VAL UES<HiSW 2 2023 1297 1762 5653 2867 536U
*)TEirIS. 3,2&3 3 764 413 521 1 457 611 1864

MEA.N HE'. LINE 3 853 434 61d 1 b97 60 6 2229

20U0u9 HAJUH TE M P.INLDEA 136 136 142 183 17'6 156
TEinvi. VAL.! C) L.C.L. 129 136 137 162 170 Ibl

30. U000 HOUI FEP1I-'. INOEx 3 29 1 32 [ 37 1 78 1 71 1 49
TEMIH. VAL.( C) L.C.L. 1231 130 130 77 164 143

40.000 HOUR TEMiP-.INDEX 124 128 133 174 167 144TMAP. VAL.( C) L.C.L. 116 126 126 173 160 137

LISTING NUMBEk 103 1U4 I05 106 107 108

cUUNdiNATIJN NNBER 6d6 67 69 90 91 271

3 LWiT r 1 ŽL40 240 240 240 240 16U
LESTr 2 260 2 60 260 250 260 180

fEL'it'EiHA'[Utits 3 2dO 060 260 300 280 200

LJG. AVG. LIFE 1 1Ž19Ž 1 43 72 12626 22939 12840 44107AT TEST 2 3662 4335 4662 2346 b176 1 71 59
I'tELF. (HtS.) 3 1Ž247 1 6U 6 152 4 626 1774 750'I

95/. LC.L.4VLf I I3137130 1324U 12396 21775 12553 43451
VAL UESG(-S. ) 2 3669 442U 42o6 22177 466 7 137327

L'fEor>l. i3Ž&3 3 1196 350u 147.d 797/ 1 3742 7366

.- EAN E'S- LINE 3 1236 15 7 6 I b-14 633 1I48 745U

Ž0,000 HJuUm It-r r'.i,\UEA 232 234 233 242 233 177
TEnssi. \VAL.( U) L.U.L. 6-31 233 231 241 231 1 77

3U,0U HJu"r TLIxlr.ItJ! EA 2Ž6 227 226 236 225 166
TEhr'. VAL.( ;) L.C.L. 22s 226 224 '23 223 168

4U,0UU HU'-u E'MH. IN DLEA 2Ž1 -23 2Ž1 Ž31 a2u 16Ž
I:.-it'. ML.-( U) L.U.L. 2ŽU "21 219 23U a1ld 162
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al -Computer Readout Data, (Sheet 10) (Continued)

Lizli~b .'vj¶'JISEP( 1119 [11 119 112 11 3 [t4

c~u11mIA[IJN NUvJEN 'Ž116 6-u17 208 76 66 294

3 LOWEST 1 26U 2601 261 261 2411 240

f(ES 2 d- 2611 261U 281 'Ž60 260

TtEmisf UridtS 3 300 301 311 300 'Ž6 ) 26)

LUG. AVG. LUKE 1 >921 5921 6926 >631 13421) 6386

ar T'ESt L 16[4 20 16 [64 1611 6682 2736

TEde- (HRS.) 3 672 672 5-2' 504 261 -}71l

9>b7 L.G.L.OJLf 1 5696 >664 67t I 546- [ 3169 61 t6

VALUEC(Ht<S.I 2 1} 72 1 935 1805 1 95 5689 21 S6

BTi'E'iMES. 1,243 3 646 669 b> 1 4A9 2560 692

iEAN kEG. L[NSE 3 660 664 527 SU3 Ž735, 766

2U>01U1 H-UR fviet.INUEX 241 240 245 la41 232 223

TEMP. VAL''( C) L.G.L. 239 239 244 A 240 230 219

301OUU Hdi-OR TEMP.I'4DEA 233 234 240 235 223 a16

TEA4?. VAL.( U) L.G-L. 233 233 239 234 220 a2a

40.0UU HOUR TL, P.INODEX 229 229 236 231 217 212

TEMP. WVAL.- £) L.C.L. a28 229 235 230 214 207

LIS[S IN'S 1Je NUM4BERLLMEiNAIANU NUhM8EX

3 LOWESSTI
TiESi ' 2

TEMPERA FCrZES 3

LOG. AVG. LIFE I

AT TESr 2
TrEA'-'.* er[S.) 3

97,/ L.C.LflJN'Li 
VM4L ESE XS. ) a

@AlEyS~. 1.Ž&3 3

LEAN nE's. L1INE 3

21111u0 HLUJ•' TEvi&. . iN1 A
It:Mi-. VIAL.! [) L.U.L.

3U1U111 rHul/C rf EMe. I1D1EA

1EovIr. VAL.- C) L.U.L.

41,1UUU Ho21- TE ..11 1UEA
LlwrP. VAL.( G) L.U.L.

I I b 1 1 6 117 1 [[ I l 9 1 0

279 Ž611 281 282 269 301t

2O01 200 21u1 200 200 200
220 220 220 220 220 22u

240 240 240 240 240 240

1od05 24313 11500 26811S 40662 149427

3072 [0986 1846 $448 d8t8 3760

I [261 2460 766 624 66 1 b s 428

9758 23113 8314 26982 25-683 13226

3307 7936 22911 4124 [1999 4)l-8

1126 2374 550 60> 4260 t262

1199 2623 663 712 5-3S 135Ž

169 205 191 214 t1 195'

[67 203 [67 a213 2)7 1[-#3

163 199 186 200 21)2 89i

}dl IM 1d} }9)9 1196L t d-

i-d 194 162 198 196 164
176 190 177 [96 18d 162
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Table Al-Computer Readout Data, (Sheet 11) (Continued)
LI&JliNqG Nuo',o 121 1 22 123 1[24 125 126

UuMriAINAfi f UrsbER Ž968 '299 345 346 347 348

3 L3L.E I[ 1 340 1 40 1610 180 160 180
rEb f" 160 160 Z0O Ž111 '200 200

[ Er'dA IucES E 3 360 1611 22u 221 220 220

LJd. AV'. LIFE I 39140 45U2u 463114 10981 19970 33091
A lI ST2 6'2u7 62Ž 0999b 52d6 3773 2765

i Et~r- (11 ri.) ) 3 eU 116 16 47 1 421 1 569 1253 1U01

9b5. L.C.L.J.NLt 1 31299 34946 445110 [0600 1 6766 19974
VALunC'b(HXS.) 2 711ou 72246 7924 4216 4227 3681

Oibitu.- Il2&3 3 160d 1426 1361 1 551 1Q,46 597

I'lJAv iAt.- LINE 3 1623 16S 15 D67 1749 1159 796

20J,000 HU-k TEMP.I'J l)EE 1 47 1 46 190 1 70 1 79 183
TEMP. VAL.! C) L.C.L. 146 147 189 167 176 180

30P01O1 HOURu TEvINH- .4LEA 142 144 166 163 174 179
1Er'.- VAL.( C) L.C.L. 141 1 42 185 1 59 1 72 1 75

4UP000 H,1 1'1JUkTEP.lWJDEA 139 140 183 15d 170 176
lt.,11r. VAL.-( C) L.C.L- [r37 136 181 153 168 172

LIlSTING AUMAldEr< 127 128

C;0MibI,4A I1JS .JUl'IEP< '3 349 350

3 LJowLt I 160 200
TEb 1 2 200 240

rLE11ŽE KA T URE i 3 221 260

LJ'. AVG. LIFE 1 35107i 313U2
1-i i Cv 5 b472 2532

TEm r' IC. H .) 3 126-3 I>3b

9 s/ L..L.-JALf 1 31989 10449
VALUES(HKS.) 2 b827 2663

JVEkir'.- 1,2&3 3 1139 1396

*iEA4l icE'. LlIE 3 [11U 1461

Ž110UJu Hiddic TglMP.INUEA 186 165
TEAr'. VIAL.( C) L.C.L. 16> 163

30.100 H8JU1 TFr,'i.I.DEA 161 175
Tb¾-ir. VAL.( C) L.C.L- 181 173

410oUo -loUd IEE¾-.N11,EA 176 168
1-Err'. WVAL.! C) L.C.L- I 77 166

1 29

351

200
220
240

3988
1 b12

7211

3662

664

7011

1 64

1 60

1 56

1b5
1 51

1 30

352

2100
220
240

6991
2 520
6 1 6

690 5
232 7
6dO9

6 44

163
162

1 77
1 75

I 72
1 71

131 132

353 354

200 20U
220 220
240 240

11 302 1 1 302
4303 2520
2260 1020

110207 9336
46117 2865
2055 839

2177 936

166 190
164 188

1 76 184
17$ 181

172 360
169 177

87



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-Computer Readout Data, (Sheet 12) (Continued)

LIST'ING NUMbES 133 134 135 [36 13?

C11B1NATION NUMBEd 3b5 3'25 327 3Ž9 331

3 LiWEf 1 2)0 220 220 220 a20
TEST 2 220 24u 240 240 a40

rIENeEKAT ES 3 240 260 260 260 260

LOG. AVG. LIFE 1 19326 1 G512 2520 3773 3773

AT TEST 2 4975 7553 1260 1 788 2172

fEMP'.'lH-RS.) 3 2364 2604 766 1512 142d

95X L.C.L.ONLY I 15766 iOOQQ 2345 3163 3660

VAL UE5!RS.) 2 5 698 5470 1303 2056 2360
dETlPS. 1.2&3 3 [923 2513 713 1222 1403

MEAN E'EG. LINE 3 2157 2965 74-1 1 3 76 s2

20G000 4OUR TEMr'.IN)EX 1 98 207 163 [58 165

TEt'. VAL-. C) L.C.L- I 5 19 7 157 137 153

30sU.0 HOLd I'EMF'.iNDEX 191 197 153 146 1[53

TEMP. VAL.( C) L.C -L . d8 8 6 [5 147 123 [39

40*U00 HOUR TEMP.INDEX 166 190 146 [36 14S

TEMeP. VAL.- C) L.C.L. 183 176 140 113 130

LIST ING ' NhBEK

CQAdINATION N &UP3E

3 LOWEST I
TEST 2

TEigl ErHATUKES 3

LOG. AVG. LIFE I
AT TESTi 2

TEvP. ( HRS . ) 3

95% L.C.L.O'L1 I

VAL UES ' !HS.J) 2
4fEMPS.6 [.,2&3 3

MEAN xEUS. LINE 3

20.110 -uR T..u..EyI. 'IOEA
TEl've VIAL.( C) L.C.L.

TEtM. VAL.( U) L.C.L.

40.1JU0 HOUK TEvr'. IN11DEA

oi4r'. VAL-.( C) L.C.L.

1 39 [ 40 141 142 143

372 374 375 363 364

200 200 20O 260 260

220 220 220 280 280
240 240 240 300 30o

19 418 27482 26 682 11343 4177
2836 1428 6694 1692 1692

994 63d 836 624 720

14367 11456 2'7302 8344 4171
343U '25-69 4892 2U79 1682
731 343 809 456 719

672 564 957 543 722

196 ŽU0 201 '251 229

19D 192 '14 248 229

[03 19b 2111 246 221
1911 167 199 242 221

190 192 196 243 a16
186 163 196 Ž36 216

88

1 38

371

200
22U
2 40

140I90
2~520y

624

1 3054
2652

603

19L6

1 9 S5
195

191190

188
187

144
365

260

300

7661
202d
816

6729

71 5

770

244

2 41

235

2Ž3
23i

i
i
i
i
i
I
i

i
i
i
i
i
i
i
i
I
i
i

I
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Table Al-Computer Readout Data, (Sheet 13) (Continued)

LLIST'ING NqU.iiEK 1 4b 1 46 1 4 1 1 46 1 49

Uomn1&.AATrlJiJ NUL6UEK l 17 237 236 239 240

3 LOwvESi' 1 241 auo 200 200 2u0

[ES z 1' 2 260 '11 2 21 20 220

trEil t KA i lKEL 3 ?60 241 2411 240 2Ž4U

LG. AVG. LiFE I '?41-44 246 d I [IJ69 1 3099 6d41

Ai' LEsT 2 6uO9 13Ž1 4359 -13 1 2352

fEA'Pi. CHsZ.:) 3 16?i6 669n 1 10 2009 1 176

9n/ L.U.L.OALf I 22439 2435U 1 5639 12S76 711 1

VALUESCdRS.) 2 6127 12427 4584 4891 2701

wTE1MPS. 1,2&3 3 1 708 6552 360 1t932 953

MEAN REG. LliNE 3 1I619 6655 1456 2022 [1U71

20,OUO HJU[ fE-P T'iINUIEA 2Ž43 2016 197 192 164

TEMP . VAL.! C) L.C.L. 242 206 196 19i 180

30,100 HOJR TE l4P.iN 0EX 237 19S 191 164 177

TEI-'. VAL.! C) L.C.L. 236 194 190 163 172

40.000 HJJIO rE/r).%INDEA 233 167 187 179 172

TEMP . VAL!( C) L.U.L. 231 166 Id6 177 167

LISTIŽJU NUI#IhK [ bl 156-

U0.qdoNA 'IOJ :'UjoisEA Ž4Ž 332

3 LJ ESiT 2I11 1 6

I sEz 1 a 2211 zuu

TEvjriEAATurES 3 240 221

LJU. AVG. LIFE I I 1 66dU [1152

AiT rES 2 7363 3S 73

rC FHi.' ( H 1> . ) 3 5649 21 7 7

9b70 L.U.L.6NLf I 12972 26624

VALUES6 lkS. ) 2 6222 4081

, rTl-&S. [,6A&3 3 4659 I 7 76

*mEAN kEG. LINE 3 >231 1991u

0U,011O HdJr< TEi ir.I,'JDEA 189 1 64

TIr'i~-' vAL.! U) L.UC L. Id6 I1 9

3U 11UU HUUrc TEr.I.N IJEA I El 1 55

TEMP. VAL . ( C) L . G.L . 1 6> 1 49

4UOOO0 -10U1K TEKllI'INDEA 166 149

TEviH. VAL.- C) L.U.L. Ib4 14Z

1 3 I b4 Ib

290 291 165

2611 260 2611
2 60 2Ž60 2611

310 3U0 30U

2Ž61101 22600 361 2

3317 61 6 3 [246

1343 2926 5)26

15861 22476 3433
4191 '7901 1291
936 2936 5So

1147 297Ž 316

Ž60 28 62 22d
b5-7 262 227

234 25$ 222
'2>1 255 P2U

251 2b5 217

246 2511 215

89

I b0

241

220
240

5962[ 66 0

840

1903
68 7

771

1 77

1 72

1 70

1 65

1 6 6
1 60

1 i6

166

260
ado
300

46U6
[41 6
622

4078
I St 7

551

592

233
230

227
223

222
216



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-Computer Readout Data, (Sheet 14) (Continued)
LLSII'&u NOMiOEN [57 1 6Sd 1 59 1 60 1 61 t 62

C11xHINATIJA N11vdEx 166 69 31 3 31 4 31 t' 317

3 LJOEST 1 261 2a6u 2Ž60 260 260 Id('fhds f> 2 260 2611 26 0dd U 8uUVE^rEHATO-UcES 3 311 301 300 300 300 220

LOG. AVG. LfFE: I 4211 26d61 6253 3945 96011 5b560AT lEST 2 1 52 1646 1237 663 864 711sfEiN?. <HtcS. 3 24 721 574 432 624 360
95-X L.U.L.O,4LY 1 396 2576 461 5 2947 457-9 3405VAL UES'!HHS-) 2 304 1435 15012 1044 14S9 9804lET'MS. 112&3 3 23 710 421 321 293 216

KEAN RE'S- LINE 3 2d 601 503 3d81 447 259
20) 000 ktUkR ITEMW.INL1E/ 216 211 241 232 a46 161TEk4t. VAL-. U) L.C.L. 207 [96 235 225 234 13
30101O -douR fIE;xH.-IADEx 211 201 235 226 241 156TfEMe. VAL.! G) L.C.L. 212 [6b 228 2S 227 147

40,1110U HOUKR TEMr'.L4IEXA 208 1 95 231 222 236 1 53FtiMr- VAL.! C) L.U.L. [96 178 224 w14 P22 143

LII N Li & U 8BEd 1163 164 1 65 $ 166 167 1 68

CUibINA[I' ,NUBER 300 25-4 25-5 256 2 57 28

3 LdWEsT 1 2111 200 200 200 20) 21)1LsT 2 2PŽ 220 220U 220 220 220
TE"F4'EkATUxES 3 240 241 240 241 240 240

LOG. AVG. LIFE I 1 4927 2'7694 4s21 28 4>5 2287U 7Y19
A f TEST 2 423 7 '569 1260 6937 3667 225-9

LEIMr. < reH* } 3 1672 2161 648 4463 1 bs73 1i83

95/ L.C.L.JNLy I '1326d 27 763 367U 196 6 16419 6654
VALUES:CH-iS. ) 2 4462 74111 1443 86685 4605 2523

41ENI'O.%. tj.a3 3 1 46Ž '21 >5 224 3094 1121 91

MEAN r<EG. LIN9E 3 [ 610 2163 Sa91 4621 13>4 1004

20.111111 HOoxri Titi&q . INUEA [94 2u- 172 2 0 4 a0o 1 82TEAr'. VIAL.( U) L.C-L. [93 405 166 2(O 1 97 17t9

3UJ1110O HOe11 Tf-wr' .1INDEX [38 1i99 165- 196 194 1 75'rErlr. VIAL.'( [) L.C.L. 18236 199 1 29 I 1U 1 191 1/ I

41i1U11 HJ11 21k . 1TrIEA I 1 3 1 95- 161 19 1 I I 7 I I'1
i*t-a-'. WsLVAL.( U) L.C.L. 1[1 19Ž 1 Žz4 1 [ 166 166

90
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Table Al-Computer Readout Data, (Sheet 15) (Continued)
LIi ING NU inLr [6' 1 70 1 71 1 37 1 73 1 74

LUiBftgA rio, Nui'iBErc 132 133 1 48 1 77 293 139

3 LO.'.i 1 6-40 2 40 '240 2411 240 201
tlrE 2 2611 261 260 261 260 '220

Irj'.r t cIA TURF.>E 3 6Ud 1 ZO 60 261 280 240

LJG. AVG. LIFE 1 34015 2 1l6 5 10080 24438 20907 29780
AT TEST 2 42d4 5034 5037 8441 6932 1186

Elt:,v C.rt is.) 3 1926 26d>6 2608 3166 18468 431

9b/ L.U.L.JLf 3�' 21 749 I bS36 97b6 4 331 2J3u9 13630
VP;L U 2',riHr S. ) 2 57611 61 65 I1 6bO 469 6069 2005

vf'luo1rs. 102&3 3 16-1 Ž092 271 7 31-72 10d5 194

.mjEAN rCEG- LINE 3 1 >5-1 249 1 -77w 33dl 1949 303

6-UUUU M;hUir Utrial.IoUEA 244 239 E26-1 244 241 201
TEv'ikP. VOL.( G) L-C.L. 2431 235 219 244 24U 196

31U,01 HJUIx rCE'r'. INUEA 239 231 '21 236 235 3v7
fEitr- VAL.! C) L.U.L. 235 226 208 236 234 192

40U1UO HO IUr I TEMr.I.I11 EA '236 226 203 231 231 195
TiwtP. VAL.( U) L.U.L. 6-31 220 201 231 229 189

LiSfI.'JG NorUM Er 3 75 1 76 1 77 1 76 1 79 [80

CULIVbINATIJ3N NUMiEA 1 40 I 41 1 54 1 55 3 56 I 57

3 L WEz> 1 I 21UU 220 220 220 260 260
TE&T 2 220 24U 240 240 260 260

UEMPrEATuirumEs 3 240 260 260 260 31U 300

LOG. AVG. LIFE I 1 5983 6676 6692 5712 6474 6474

AT fEST 2 3288 5060 1 1 76 840 2516 2b16
TrEtM? - (HsS.) 3 816 252 497 420 1055 1008

95/x L.U.L.ONLY I 1 5572 7358 575b 371 5 6305 6456

VALOESh-iNS. ) 2 3345 1 749 1 b22 1 121 2504 2476

e'TI~h'r~IPS 1.2&3 3 795 224 326 271 1028 1006

r'rEAN KEG. LINE 3 d07 396 416 346 1053 101 5

20a0o0o KoU f0'irP.1IN0UEX 197 216 217 201 23d 238

TE'qrl. fVAL.( U;) L.C.L. 197 20u5 02 193 237 238

30.0011 HJUO IE(r.1I'JUEA 192 211 Ž13 39> 23U 231

TE&r'. VAL.( C) L.C.L. 192 20U 196 187 229 231

4u.UUU HOOK TEYJ$4.I NUEA [69 209 199 192 225 226

TEAiP. VAL.'( U) L-C-L. 186 196 192 183 224 226
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-Computer Readout Data, (Sheet 16) (Continued)

LITING NUMBER 1[81 [82 163 164 1d5

CMBI1NATION NUviMBER [58 159 1660 292 95

3 LOWEST 1 260 260 2660 240 200
T ES T 2 '28 281 2850 260 220

TEM$ft-[AT'UN ES 3 3U1u 300 301 260 241

LOG. AVG. LiFE I 6474 7462 4272 18914 9714
AT TESf 2 31911U 216 2654 5413 3456

TEMP.C!RRS.) 3 1 I 51 I301 1304 [848 768

95% L.C.L.ONLY I 6305 6448 4116 t8282 9355
VALUES!HicS.) 2 2734 2411 2237 5539 2732

OTEMHS. 1.2&3 3 1128 8 66 1074 1765 747

MEAN kEG. LINE 3 1226 943 1223 [820 648

20,000 HOUR 'FEMP.N1XDEx 236 241 223 239 191

TEMe. VAL.( C) L.C.L. 234 236 212 239 168

30.000 HOUO TEMP.INDEX 230 234 213 233 185

TEMP. VAL.( C0 L.C.L. 225 231 200 232 162

40s000 HOUR TEMP.INDEX 224 230 207 228 l[8
TEMP. VAL-( C) L.C.L. 219 226 193 228 [78

LIS[TING NUMBER 187

CO4BINATIO9 NUMBER 97

3 L0WEST 1 200
TEST 2 220

TErII'EKA CUrtES 3 240

LOG. AVG. LIFE I 66910
AT TEST 2 2764

TEM'-' (HrS. 3 45-6

954 L.U.L. OLY ' 1 6261
VALUES ri' .l) 2 1818

4TNePS. 1.2&3 3 435-

MEAN REG. LINE 3 546

20.1U1U1 HOUR TEMI-¼IA11EA 366

Tc&IP. VAL.! U) L.C.L. 182

30'11 1 H6 wK lbrr.IN11EA 1S2
[-it'k-. VAL.( U) L.U.L. [ 76

41}U0U1 r-tOUR Y rEo IN U1EA I79

TEMiP. VAL.' U) L.C.L. I 3i

188 189 90 i91 [I9

101 109 57 84 D

200 200 160 24- 240-
220 220 18u 261 260

240 240 200 26K 268

14t12 [5369 11041) 2297 1927t

3192 2346 86140 6282 6105
382 120 44011 2i762 24311

13327 1 4139 107t1 t19341 1 791 3
2312 1363 7129 691)0 6313
366 i13 4311 2369 '4257

436 I SO 4776 2 -92 2368

i96 ?2u0 140 241 2319

195- 197 [30 Ž39 a36

I[4 197 ['6 234 232
191 [qi4 [[3 23 2 '31

191 194 116 229 227
166 393 1 12 226 22>

92

I

-6 6

96

200
221)

241

6690
2784
!5 63

626A
1 9:6 1
536

650

[866

151

17 4

1 76
1 70
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Table Al-Computer Readout Data, (Sheet 17) (Continued)
L I b I iu N O.cU! iri 1 33 1 94 1 9 5 I '3 6 197 1 

CUOIIrF,'JMTIUN s;uI-nEr" 92 i 0 J66 3J60 371 367 67

3 LJ .'. j'5f i Ž40 201 200 21U '200 160TEST 2 2601 220 211 220 220 138TEMe EiAATURES 3 261 24u 24U 24 0 2411 210
LJO. AVG. LIFE I 19444 301356- 341 1 101119 6665 208774AT T1ET 2 13775 986 11u91 1 633 3961 6 373E&Irtl'-<Hs. ) 3 a262 9w66 41U9 676 647 5074
95/. L.I2.L.J.SLI I 11423 26562 32353 6965 7613 16255AL jcisU(,s. ) 2 60175 56662 1 1 16 196 7 2086 9162eT~ir'slH. -3&4 3 3 2U96 '666 395 469 b66 4423

A EON KEGi. LIvE 3 23267 1241 4023 586 618 4774
Ž1O1U10 I-JIOu E i' EN r. igEA 239 20117 1 71 1239 138 1 60TELW,. VAL-' C) L.C.L. '236 214 1 71 184 186 1 57
30,UUO 0 22U11 CLl' P.sN UEA 234 202 165 164 182 149TEMPnH. VAL.'( C) L.U.L. '231 1t 1364 1 78 180 146
114U11UU H[U$lc LEir'. INUEA 227 199 161 360 179 1431 E'vi. VAL. U L:) L U G. L. 6-2 6 1 9 b 1 60 1 73 1 76 1 39

LIztINGq NOdvibEK 199 200 201 202 2U3 204
UIIBINATIUN NUM1ER 56 I30 1112 103 104 305

3 LUviE6s' 1 [60 200 200 200 201 200I'CS r82 160 222U 22U 221 220 220rEit'EMA FUrNEs 3 200 '24U 2411 240 2t40 240
LOU. AVG. LIFE I 20922 1Wbb7 18077 1 4045 6384 6U2 7AF TEbT 2 91 66 6 46 3696 2514 336 956TEi'.J- (jtS. ) 3 b342 549 8 64 756 168 166
9S L.CL.JLY 1 19197 1 13 17 964 31962 2d -72VALUESCHicS.) a 91137 2257 371/3 27611 b77 916dTEswieS. ~1 2&3 3 4892 403 859 642 74 156
MiEAN KE.EG LINE 3 bl37 479 662 71J 117 169
'211000 HoOd fTlEJ.liINEA 160 I96 199 t9b 1366 386T'Er'. V/VL.( U) L.G.L. 1I9 1Y3 199 193 176 187

30 0Uo 1) iJUk TEiMt .IN L)UEA 150 192 19'4 1990 182 1I4[Eiqr. VAL.( C) L..L. 14d Id69 194 183 171 183
4 101OUO HJM J Ii< P T E .I NL EA 342 169 1931 3d6 179 136IEriH'. VAL.( ! ) L.G.L 14 Id 14 191U 184 168 [dO

93



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-Computer Readout Data, (Sheet 18) (Continued)

LI:fTI4 N4U,,1dER 205 '26 20 7 206 zu2) 2a1

UUdBjIN4jAjIIN Nu40wEN 10 6 1117 3 6 i i 11 id#

3 LOWES I I 211 211 '200 2110 200 

fEST 2 220 220 220 2Ž1) 220 220

TEMHEKA TOiE S 3 241 240 '40 240 240 240

LOG. AVG. LIrE 1 1 3391 [1 5O92 14045 16733 15369 4368

At TEST 2 2436 2599 2145 3S69 2481 624

FE,-P. (HiS ) 3 b49 636 600 575 5U4 132

95% L.C.LYJONLY 1 32789 11431 11697 1 6194 3 4649 3967

VALUES(HRS.) 2 247S 't25-6 2425 3004 Ž5-40 666

4iTEXfmS. 1,'6&3 3 524 627 496 561 486 12ao

MtEAN hEu. LINE. 3 S54 639 5 52 619 496 126

6-o1o ,1111 HO( TdrI.i0t EA 195 393 [is 199 197 164

TVEMP. VAL.' C) L..L-. L. 193- 19 3 196 197 163

30-1uo HOUR TEM.IEIA L) WA 193 366 91 194 193 t1U

TEA-r'. VAL.( U) L.CeL. 19U [ES 169 193 [92 179

4',UU11110 HOUR 'TEr4.INL)EA [88 165 187 191 i9U 177

TEYi'. VAL.- C) L.C.L. 167 184 15 [S90 16' 186

LISTI,4G NUBER -l I

;)4 Sb iN'ATIN NUMEK E 321)

3 L_0WEST 200

TEST 2211

fErr'jeEMATUrES 3 240

.0-. AVG. LIFE 1 4366
PAT LESTY 2 7 66

lEvie ( H HRS 3 132

?9s% L.G.L.JNLY 1 4Ž64

VAL i--S(HiS . 2 '11 4

'FT&'iPS. ,I2&3 3 129

-E,,ANf MOE. Li4E 3 136

ŽuU1111 n-UR [&tW.IV1EA 16

T~rhP. VOL.! U () L.l'.L. 164

a3ouj) H.Jks [L .-r.INLA 3233

Ikt' . VIAL.!A C) L.Q.L-. I7

'212 213 214 '21t5 a16

11 1a2 1[30 131 136

Ž1U 20O1 Ž00 [8d1 200

'2211 220 2>20 2U) 220-

240 240 a40 220 24a

30299 [1349 2766 [ 545-6 3-2976

2564 '2364 3864 5-040 4ad3

479 60L 527 2164 1104

17>7 [1417 '2t3d3 [4309 265-3

2147 82371 357S >3U6 4i16

456 51 5-9 I Ž )U16 464

5- 15 594 t4s '-1i 9 1104

[93 193 213 t[75 205
[91 I I1 AŽlu3 [74 213

[16 i 1-6 '200 1237 Ž1

I [6 6 I L i9 i ' 66 I '

1.231 367> 197 162 197

[62 1i3 196 161 1 -5-

94

£

L.

i
i
i
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Table Al-Computer Readout Data, (Sheet 19) (Continued)
LISTIOU6 Al-i3E< '217 216 219 220 221 222

GU0vr3I'JIA V'LJA 1OIA I 237 1.36 2 3 34 07

3 LJO7jL I '2u1 221 1611 1[90 200 1 60
T '' 1' 2 2210 240 '20 Ž100 220 1 60

f Enr'E"A flut&ES 3 2 /10 260 221 2Ž210 240 200

LJ6. (AVG. LImE I 69d9 66 1 6 '772' A I966 4768 439Y4
AT i EsT ' 295Ž 12011 $065 >0910 13361 924

F e-t'1O.( H @) 3 9D9 132 110014 d636 6UU 464

95b7 L.C.L.JNLI' I 6805 6552 26695 1 4201 4224 2946
VAL1UESs(H/$.) 2 J561 930 4669 >336 1501 1087

OiEM'Hn. 1,2&3 3 940 126 969 '751 526 310

*EiA. KEO. LINE 3 [116 147 1015 614 567 406

20U,01U1 HJUr< fE.r.I.1OEX 162 21 1 364 387 175 135-
TbEr'. VAL.( C) L.C.L. 179 209 183 1687 172 123

3u0,uU H-UK TEPI.INDEX 175 207 1 [8 164 169 129TEPil. VAL.-( C) L.C.L. 172 205 179 183 166 116

40A1OU1 HOud TEMIH. INU EA 171 21$ 1 76 181 164 125
zrA&r. VAL. ( U) L.C.L. 167 212 175 180 161 112

Ll i'STING NUitBER Ž 23

COi'4BINqATIj'N N0i'1BR U13

3 LOwE6T I 16U
T'ESST 2 ldU

fEIPfEINA iAUKES 3 200

LOG- AVG- LIFE 1 6014
AT TEST 2 1 579

T ELVI . ( H lk S. ) 3 b6 5

9D/. L.-.L.JNLY I 5462
VALUES(!HRI 2 . 1 6dO

*E'r&'WS- 1,o2&3 3 b32

MEAN icEG- LINE 3 b63

20U1O1 HvJUK TEMH. INUDEA 1341
TEk-n- VAL.( C) L-G-L. 140,

JU0.100 HJ1kc TEMr'.INVEA I 3 6
I'EkIM. VAL.( C) L.C-L. I 34

4220uo lvonK EM'l .I NUEA 142
'LzMr'. VAL.( C) L.C.L. 130

224 225 226

014 12 13

390 160 200
200 200 220
220 220 240

12536 17443 5208
6326 3454 1694
969 2200 554

12bO7 11475 5096
5329 4553 1627
913 1434 543

IU15 162I4 562

186 175- ' 79
185 168 17d

182 168 173
160 159 172

179 163 369
177 154 167

227 228

14 15

1 90 20O
200 220
220 240

17270 6216
6048 3 948
211 6 364

1 3154 5931
7006 1500
1671 351

3 969 406

166 186
183 183

161 182
1 77 178

1 77 1 78
1 73 1 74
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BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table Al-Computer Readout Data, (Sheet 20) (Continued)

LISTING6 NUMBER 229 230 231 232 233 2'34

CO14B-INATION NUMBER Ul1 22 5d 59 60 61

3 LOWEST I 160 160 140 1 40 140 [40

TEST 2 160 200 1 60 611 160 160

TEMPERAT'URES 3 201 220 1 [080 1i8 I80

LOG. AVG' LIFE I 6104 5-376 [1236 13924 17620 19132
AT TEST 2 2306 3312 3192 3024 5069 7248

TEMP.'fHHS.) 3 776 1524 994 640 3167 tt14

95% L.C.L.ONL( 1 6023 5259 10279 13316 t3493 177UO
VALUESCHRRS- ) 2 2119 2876 3073 3116 6062 4816

@TEMPS. 1,2&3 3 769 1501 9S1 802 241G 110o

MEAN REG. LINE 3 804 1618 997 823 2806 1363

20*000 HEOR TEMP.INDEX 140 [46 [32 13> 135 141

TEMlP. VAL.( C) L.C.L. 139 140 130 135 t30 138

30*,00O HOUR TEMP.INi'DEX 134 136 126 [30 121 136

TEr'. VAL.( C) L.C.L. 132 [29 123 130 tat 132

40,000 HOUR TEMP.,INEX [29 129 122 127 t21 133
TEAMP. VAL.( C) L.C.L. 126 122 119 126 114 128

LlSTLNG NUMBER 235 236 237 236 239 240

COMBINATION 'lUMBER 62 80 61 017 018 022

3 LOWEST I 140 14U 140 160 160 160

TESF a 1360 1 60 1 60 160 160 180

TEbiPERATUiES 3 160 160 160 2U0 2110 201

LOG. AVG. LIFE 3 6804 7582 17284 3024 5-3as 1601I

AT TEST 2 2940 335U 8496 1501 3013 5124

TEMr'.!(HXS.) 3 1011 1426 3116 >63 1192 1488

95/c L.U.L.ONLY 1 6664 7527 1 6671 2673 4967 1 t5-722

VALUES('Hj. ) 2 2560 3199 729) 1Ž555 2497 4109

1TE&4bs. 1.2&3 3 9i4 1421 2366 >03 1123 1467

,VjEAN RE'. LINE 3 11166 14>6 2332> 5-99 [263 1541

20,000 22uR TEMP.I.N1LEA t21 [Ž112 136 123 131 15t 7

TEMP. VAL.( C> L.C.L. 119 [19 136 III 122 156

30,000 HOUR TfP.IN4DEA 114 112 130 l16 123 [51

TEMP. VAL.' C) LCG-L. [[I 111 127 103 113 1SO-

4011U11 HOUR TEMg-'.iN1XD 109 [117 124 [[1 117 147

1>{4'rr'. VIAL.! C) L.C.L. 106 [16 121 97 106 146

96
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Table Al-Computer Readout Data, (Sheet 21) (Continued)
LIAt1, j N U'/dbLu A41 '4'2 Z2/3 244 2''245 246

Uo'd[NAi~hT~l.9 NOXJ3ENK 1023 u24 23 31 32 41

3 LU.E>TI 1 [60 1i80 161 200 200 I[dO
l'ESI 2IdtJ 200 2011 220 220 201't-I-EizATf1t1ES 3 ŽU6 '2'u 220 24tU 240 220

LJG. AVG. LIFE 1 ['6714 "2142 16464 666d 17>2 6666AT rTsT 2 7392 77-/37 4919 1'710 971 263 7
TEtr'.'!HilS.) 3 2221 1944 24bd6 5611 b29 _23

9>7. L.C.L.,NLY I I 61 321 24651 3 341 $ S606 4>71 7193VALUES(HMs. ) c 61 17 66 13 5425 1 747 1 375 20114ULEivll'. 3.2&3 3 219'4 191d [9996 5o b 311 43U

MEANJ ucEG LINE 3 Ž4411 21b12 2::76 b61 416 >73

20ujOO HOUX TEm"P.INoLEA 158 164 17b 16'A Ib5 171TErnP. WVAL-( C) L.C.L- 1 >6 183 1 71 181 1 76 1 64

3U0U00 HJUR TEMP . INODE 151 71 '6 167 1 76 161 1 66I'EMP. VAL.( C) L.C-L. 146 177 163 175 170 158
'101jU1 HoiUR IEMF. I.UEA 3 46 1 74 1 62 1 74 1 76 1 62T'EM'. VAL.'! C) L. C.L. I 42 1 73 3 57 I 70 1 65 i 54

LISTING *'UABEic 247 246

CU1M111NIAVON NUMI'BEK 443 44

3 LLWEJES I 381 19U
TESTr 2 2110 20

EMH Er)A JUx ES 3 8220 221

LOU. AVG- LIFE 1 I0330 4U24
AT TEST 2 2049 U1611

TE,'iP*.! HixS. ) 3 316 3 I20

95%X L.-.L.ONLY I 10U177 36bb
VIALUES(r<s. ) 2 1 745 1 206

OVEMr'S. 1,2&3 3 313 92

MEAN REU. LIAE 3 340 132

'U21001 HJUiU TEA . i DIEA 17'4 179
TEn-'. VIAL.( C) L.C-L. 373 174

3U1U0o HjuR TErl'. INOEA 1 70 176
TErM). VAL.( U) L.C.L. 366 1371

4U, 0100U ridr< T'IIEI.NEA 3 67 1 74
TE'A1- VAL.< C) L.U.L. 1 65 368

249

74

3 40
3 60
161

6 3 9 9
1 713
634

6892
1 92 5
b31

58 6

3 2 7
1 2 4

1 2 1
3 19

3 36
I 1 5

2 50

75

1 40
1 60
[611

7 546
1 79 7
371

741 1
1 601
366

390

129
126

1 24
123

1]1
3 20

251 252

76 79

210 200
220 221
240 240

1 4098 1 56U0
53b6 5411
456 499

12705 1 4212
2744 2972
424 467

605 643

199 200
194 396

195 196
369 190

192 192
185 d37
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Table Al -Computer Readout Data, (Sheet 22) (Continued}

LI sI .Au .NU'sNLv. ' 2 '3 '2234

GU1141I'LV II ;4 L'0t'Lv 2d 12["29

3 LOWL Ž7 I 21U) 2U 0

T1hr'LlP~ki'.7O'l LItFS 3 240 Ž4U

LOG. MVG. LIFE I 696U (1 512
AT iL&T 2 [1 'su P011

' [-rer. Cti(S) 3 165 411

955/' L.U.L.JNLT I 651 4 '. 5t40

VAL{.5Ln' IAvo i.) 2 1 P34 1 532

iT-i4tPs. 1J2&L2 3 177 393

iiE/AN pIG. LINE 3 201 457

20,11110 RIOjU TE'iP . I P. )EA X 9 3 [[34
fLe-iP. VAL.( U) L.U.L. 192 1811

30,1150 flO r! TE-iP .14N'EX 169 179

TE V'P. VAL,( C) 1-L-.C.L I 6 175

40U000 HOUR TE'r.i'@Ii4 D EA [87 176

TEiMPi. VIAL . C.) LU C.L. 165 [ 71

*i**s94 END4 JF DATA *4i**#i-

TI4E: 77.45 SECS.
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Index to Computer Data Sheets (Table A2) and Motorette
System Identification

Sheet Listing I System Magnet Va.ish Phase Ground Slot
Number Number JNumber JWirej ! a Wedgel~~~~~~~

Cambric

Org. Varn.
Glass

Cambric

Mylar
Film

Org. Varn.
Glass

Org. Varn.
Glass

Org. Vamn.
Glass

Mylar
Film

263-3F

Copaco Rag
Paper

Sil. Varn.
Glass

Org. Varn.
Glass

Epoxy Var.
Mica-Glass

Org. Var.
Glass

Epoxy Mica
Mat-Glass

Epoxy Mica
Mat-Glass

Org. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Fish Paper

Org. Varn.
Mica-Glass

Rope
Acetate

Mylar-
Paper

Org. Varn.
Mica-Glass

Org. Varn.
Mica-Glass

Org. Varn
Mica-Glass

Mylar
Film

263-3F

Copaco Rag
Paper

Mica Mat
Glass

Org. Mica
Glass

Org. Var.
Mica-Glass

Org. Var.
Mica-Glass

Epoxy Mica
Mat-Glass

Epoxy Mica
Mat-Glass

Org. Var.
Mica-Glass

Sil. Var.
Mica-Glass

GMG

GMG

GMG

GMG

GMG

GMG

GMG

GMG

GMG

GMG

GSG

GMG

GMG

GMG

GMG

GMG

GMG

GSG

I. _____

23

23

23

23

23

23

23

23

23

23

23

23

24

24

24

24

24

24

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

1

2

3

15

29

41

42

95

98

99

S

12

36

14

20

26

49

21

A

A

A

A

A

A

A

A

A

A

Y-3

B-2

C-5

Z-1

Z-1

Z-3

y-1

1A

1A

1A

2B

2A

2D

2E

2B

2E

2E

10A

2A

1OA

2A

2A

6A

2C

6A

99

| 
. -|

-L
i



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Index to Computer Data Sheets (Table A2) and Motorette
System Identification (Continued)

Sheet Listing System [Magnet Varnish Phase

Number Number Number Wire_!j !-_-

24

24

24

24

24

24

25

25

25

25

25

25

25

25

25

25

25

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

22

33

19

23

32

34

40

30

31

39

37

53

67

68

48

51

52

y-1

Y-2

B-1

B-i

*841

B-1

B-1

B-3

B-3

C-2

B-5

R

C-1

D-1

C-1

H-3

H--

lOA

10A

2A

3A

3A

2A

4A

2A

4D

4E

2A

1A

4B

NONE

4A

10A

13D

Sil. Var
Mica-Glass

Sil. Var.
Mica-Glass

Org. Var.
Glass

Org. Var.
Glass

Org. Var.
Glass

Polyester
Fiber Mat

Org. Var.
Mica-Glass

Org. Var.
Glass

Org. Var.
Glass

Org. Var.
Glass

Copalum
(20 m)

6105C

Polyester
Var. Glass

Sil. Var.

Mica-Glass

Org. Var.
Mica-Glass

2 Sil. Mica
Glass

I HT-1
Paper

Ground

Sil. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Org. Var.
Mica-Glass

Org. Var.
Mica-Glass

Org. Var
Mica-Glass

Org. Var.
Mica-Glass

Org. var.
Mica-Glass

Org. Var.
Mica-Glass

org. Var.
Mica-Glass

Org. Var.
Mica-Glass

Glass-Mica
Glass (12 m)

6105C

Polyester Var.
Mica Mat

Si:. Var.
Mica-Glass

Org. Var.
Mica-Glass

2 SiL5 Mica
Glass

I HT-1
Paper

I.

i
i
i
i
i

I
J

*#18 AW2

100

I

Slot
Wedge

GSG.

GM0

GMG

GMG

GMG

GMG

GMG

0MG
GMG

GMG
GMG

(Dpnt)
GMG

GSG

MGNG

Silicone
Glass

Molded
Glass

-
-

-~~~~~~~~~~~~~~~~~ 

I

i

. - . - - ^
I - --I I - - x - -

i

i
i
i
i

I
i
i

I

i
i
i

L

i
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Index to Computer Data Sheets (Table A2) and Motorette
System Identification (Continued)

Sheet Listing System Magnet I 1 1 rIuSlot
Number Number ! Number Wire Varnish Phase Ground ldge

S h e e t L i s ti n g j _ _ _ _ _ _ _ _ I J _ _ _ _ _ _ _ W e d ge~~~- 

- _______ - _______t ______ t ______

(ML Var. GI.)
6507 (7 m)

(ML Var. GI.)
6507 (7 m)

"H" Film
(7 m)

Sil. Var.
Mica-Glass

Doryl Glass

Sil. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Nomex
(HT-1)
Paper

Nomex-H
Film-Nomex

Nomex
(HT-1)

Astrotherm
240-21

Sil. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Mylar xm-
633 (2 ply)

633 (1 ply)

Nomex
(HT-1)
Paper

I.

(ML Var. Gl.)
6507 (15 m)

(ML Var. GI.)
6507 (7 m)

"H" Film
(15 m)

Sil. Var.
Mica-Glass

Doryl Glass

Sil. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Nomex
(HT-1)
Paper

Nomex-H
Film-Nomex

Nomex
(HT-1)

Astrotherm
240-21

Sil. Var.
Mica-Glass

Sil. Var.
Mica-Glass

Mylar xmn-

633 (2 ply)

633 (1 ply)

Nomex
(HT-1)
Paper

64051
(Dupont)

GSG

GSG

GSG

GSG

GSG

GSG

GSG

GSG

GSG

GSG

GSG

GSG

GMG

GSG

GSG

GSG

25

26

26

26

26

26

26

26

26

26

26

26

26

27

27

27

27

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

54

59

69

70

71

73

74

76

So

84

88

94

56

57

85

86

82

H-1

H-1

H-1

H-1

H-1

H-i

H-1

H-1

H-1

H-1

H-1

H-1

D-3

D-3

D-3

D-3

I

13D

13D

13B

8SA

8A

4E

6B

iOA

13C

lOA

10A

lOA

4A

lOA

4E

4E

lOA

101

| | I _ [

-
-- -

-

I

I



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Index to Computer Data Sheets (Table A2) and Motorette
System Identification (Continued)

Sheet Listing System -Magnet Vsish P I n Slot

Number Number Number Wire P [Wedge

27 53 100 L-1 NONE Nomex Nomex GSG
(T m) (14 m)

27 54 72 F-2 10A Sil Var. 511. Var. GSG
Mica-Glass Mica-Glass

27 55 87 F-1 4E Cfam 15 P Cfam SO P GSG
lm/5m/5m 3m/5m/3m

27 56 58 D-2 10A Sil. Var. Sil. Var. GSG
Mica-Glass Mica-Glass

27 57 60 D-2 4E Dac.-Mylar- Dac.-Mylar- GSG
Dac. Dac.

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

27 59 77 D-2 4E Estermat Estermat GSG
Dm 7-35 3 Dm 70-353

27 60 78 D-2 5C Estermat Estermat GSG
Om 70-353 Dm 70-353

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

28 62 Si D-2 4E Duroid Duroid Duroid
2307 2307 2310

102
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Table A2-Computer Readout Data, (Sheet 23)
LIS[L'IJ riBERI 2 3 4

3Y$ i1'EA rinEz 1 2 3 is

3 LjuEf i u I 13b 1 60 1 45
I K_- 1' 1z2 1 60 1 60 I *iu 1 60

i -rlLjt<" I UdcE 3 1 0 I oU 200 160

LJV. A u. LirE I 215 6 d642 2603 4360
Al' f1E>l 2 1 S60 2536 91 4 1 b7'3

lI'E,-jf. ( -HH ) 3 d52 956 299 935

93b L.U.L.Ji.'LY I � 1 19 1467 2313 3353
VALoLbO-Its.) 2 1533 2 416 621 1d60

C FEmIH5. Il2&3 3 624 945 289 729

MEAN' riE6- Li.'J 3 632 976 312 d46

20 UVu di'k40 iFld.I50sItE 93 120 326 113
IfPir. v--VL.( C) L.C-.L- 91 119 123 103

3U0000 HAGUr i-Elie -¾1i'JEA 64 1 13 120 lOb
IEm-il .vsAu C) L..G.L. o3 1 12 1 16 95

4UJUU N;UO r ¼Eiir 1 DEA 7d 109 116 11I
TEMH. VAL-( U) L.C-L- 7 '1 10 112 69

LI S br I , t uE 7

$VbrEfW1 P~JOI~bEP( 42

3 LJW jSf I A14b
FEb r 2 160

TE~S,-LERAIUnLE!X 3 i60

LOU. MVU. LIKE 1 3669
A' fEsf 2 1 722

TE¢v9riH- HHS tb 3 921

954 L.C.L.44L( 1 3123
VAL UE:4~( HN. ) 2 1 d 12

UrLt~e3. l.2&3 3 76 1

MiEM'AN J2E. LINE 3 863

2sU.0UO HrJU, TEMv .Lr IN DEA 106
TKMH. VAL.( C) L.C.L. 99

30,0OU H00rf T'IEie . I' DOEA IOU
[ELrIP. VAL . C ) L.C.L. 90

40,0UUU0 rluO< fErEt . INiEA 9b
f~iEr. vAL.( U) L.C.L- 64

69

95 96

140 160
1 60 160
160 200

5600 3236
305d 1249
1606 479

5466 3173
2925 1198
1577 471

1633 467

106 128
1U4 126

9' 121
93 I12Q

90 117
67 11 5 

IUf I I 1 2

99 d 12

140 240 160
160 260 160
180 260 200

6500 2274 4760
2164 6f0 1796
1020 23>9 720

5921 2096 4603
2325 '70 4 1760
927 239 697

976 252 723

116 205 134
116 203 132

I11 199 1 '7
109 196 125

106 19'5 122
104 192 120

103

5

29

1 50
1 6u

160

3926
b40
224

1 7b9
663
1 13

1 7 9

1 30
II7

26
1 12

123
106

6

41

1 45
1 60
1 6 0

3 1 70
1 221
626

2.610
1 366
522

58 7

1U9
103

1 0 3
93

98
90



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table A2-Computer Readout Data, (Sheet 24) (Continued)

LISridU .iu 1umHrc 13 14 15 16 [7 la

6Y'SLEA 0AM8ER 36 14 2U 26 49 21

3 LSWESTr 1 190 1 60 1 6U 160 1 60 200

TEST 2 200 ta0 180 180 180 I22

Erti'ExAT08E5 3 220 200 200 20u 200 240

L06. AVG. LIFE I 6500 5660 5302 6965 8256 5440

AT 'EST 2 5342 2200 2790 3793 1 476 1 4G0

ULMP.(Ci1NS.) 3 915 S52 1245 2400 585 38Ž

J51. L.C.L.0NLY i1 14510 5484 505Y7 6651 6222 5421

VALUES(MRiS.) 2 5594 1766 2513 3886 1745 1372

81'E6PH3. e12&3 3 612 539 1194 2290 439 3K1

,YkEA$ hEnL- LI4E 3 690 606 12i6 2357 52G 365

20,000 iAUR EMe-IODEA 166 142 130 126 141 Id3
TEMP. VAL.( C) L.C.L- 187 139 124 124 142 1d2

30.u00 t-tdOM ThAiP.10ULEX 164 136 121 115 142 176

TEimP. VAL-C (2 L.C-L. 1i3 132 15 1 2Ia 137 ITT

40,UOU HirWu TEiJ - INDEA 161 132 115 107 138 174

TEMP. VAL-( C) L.C.L. 10 125 108 104 133 174

LISI1'JG N9MbEK 19

SYSFEM NuMB Ed 22

3 LOSW3S I 2OU

'CSE 2 220
I E£e ENA i'U( E S 3 240

LOU. AV1. LIFE i 6260

A r LSI 2 167U

fbEirl H (mxllS ) 3 310

95f/ L.C.L.ONALY I 6046

VALJES(N')- > 2 1366
SfE r'teS. 1,2&3 3 301

IEAA 1iEG. LISE 3 331

0U'GU r{J'JNs Ap . IN DEA 18 7

i LAW. VAL-.( CG L. C.L ISS5

30 00o0 HJoi TFv&. 1'UL~ D 18 2

TEt4-. VAL.( C) L.C.L. ldG

40,J000 H-lFO TEAF. INUEA 179

TEMPk. V$AL.-( ) L.C.L. 176

20L

33

200

220
240

53666
1 130
263

5341
1120
246

262

155
164

16 1
1d0

1 76
1 76

21

1 9

180
200

220

41 28

1 750
741

405t6

1 691
730

49
1 4=

1 41
1 4G

1 36
13S

22 2 3 24

23 32 34

1O 1 60 16a
200 160 I18
220 200 200

6400 6934 16491
207U 5$iO 8530
174 2i0o [ 4ou

626d 6674 1 50I1

2100 4536 513f

7S 2514 1317

767 3104 1735

161 122 160

160 t10 1S5

154 108 tS4
154 92 148

150 99 1s0
1s5 di 143

104

j
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Table A2-Computer Readout Data, (Sheet 25) (Continued)
LISiINGj NUIv6EN 25 26 27 28 29 30

SYSFEM AUM'BEk 40 30 31 39 37 53

3 LUWESi' 1 180 1 60 1 60 180 160 1 40rEsT 2 210J Ido I0 20U 200 1 60TL3PIWERA fUkES 3 220 200 2U0 220 22U0 1 0

LJG. AVG. LIKE I 7667 13368 22104 7791 6469 6427MT TEsr 2 3245b b64 7211 3530 4540 730TEir.C- (Hts. 3 953 2676 31 4b 540 1129 43U

9 b,/ L.C-L-JNL Y 1 7162 12049 18642 6866 5953 4252VAL UE.S(rHa.) 2 2665 5410 7392 2126 2670' 1153&f~trirb. Ia,&3 3 877 2407 2 682 486 10)9 214
LvtEA.' ±EU. LINE 3 1027 2b57 3U3b 66b 1369 316

20UUOU H&uj rTritI . iNLEx 16b 1bO 161 1 'YU 161 127LEXt. VAL.( G) L.C.L. 1 60 146 I 59 162 147 117

30o000 Ho0d TEiWi.vIL)E 1b9 142 154 1 65 153 122TEMP. VAL.( C) L.C.L. 153 139 150 155 137 111

4U,0UUO HOUR TENr P -.ID1EA 154 136 149 161 1 48 119TEit-. VAL.( C) L.C.L. 146 133 145 151 130 107

LISTING 4MUmBER

SYSTEM NUMBER

3 LjWEST I
TEST 2

TENPERATOUES 3

LOU. AVG. LIFE I
AT TESr 2

*le . (CHns.) 3

9SZ L.U.L.UNLY I
VALUESC(H-RS.) 2

OTEi-S. 1.2&3 3

MEAN NEG. LINE 3

202000 Hr UR T1P . i{0Ex
TIMi-. VAL-( G) L.C.L.

30,UU0 HO UR TEN P* INoFA
TERM. VAL.( C) L.C.L.

40.OUO HOUR TEMP. 1'jOEA
TEtP. VAL.C C) L.C.L.

31

67

200
220
240

69 b6
609
209

6294
1U1 7
14 6

I 79

191
168

16 7
164

184
Idl

32 33 34 35 36

66 46 b1 52 54

200 200 260 240 240
220 220 280 260 260
240 240 300 280 280

5U1 7 9655 10093 9538 3500
1137 1985 4046 3049 2100
312 576 d70 1196 765

4867 8838 9565 8899 3380
11 60 2106 301S 3126 1673
302 b26 635 1116 746

3U0 b53 9d4 1170 842

1612 190 251 227 202
162 189 247 225 193

177 165 246 220 194
177 164 241 2id 184

174 Id2 241 215 188
173 18U 236 213 177

105



BRANCATO, JOHNSON, CAMPBELL AND WALKER

Table A2-Computer Readout Data, (Sheet 26) (Continued)

LISTE,9v i4qUrtEr< 37 38 39 40 41 42

$YSTENi ,4NU4EN 59 69 70 TI 73 74

3 LSIWEST 1 260 260 240 24U 260 260
TEji 2 280 26U 260 260 26d 280

TEreEXATUiES 3 300 3O0 280 280 3W- 300

LJG. AVG. LIFE 1 651 $ 6662 4192 3497 9000 l3412
AT' TEST' 2 2431 2292 98 426 21 t0 800-

FE[ire. (Hrs-.) 3 1 365 7!5 263 206 28 5 266

95/. L.C.L.G9LY I 5666 6610 4154 2147 64685 3950
VALoESO-AiN.) 2 2656 2160 991 S91 2124 943
&1&4er6i. 1,2&3 3 1164 7i1 261 125 552 t16

miAEAJt E G.6 Ll9E 3 1285 771 262 165 578 236

20~000 i-lU It TEL4e. I'JOE 233 242 220 216 249 243

TEMP. VAL.( C) L.C.L. 229 241 220 2U7 248 236

30,000 HJur TEMP..I4DEA 225 236 215 211 244 23d
TENWP. VAL.( C) L.C.L- 220 23$ 215 20! 243 233

4UU000 Hadk TEMlP. Ii A A 219 231 211 206 240- 235

TEAP. VAL.( C) .L-C.L- 213 -230 211 197 239 229

LISTIMi4G 4UtBEt 43 44 45 46 47 48

SYSfEM NuMBEd 76 60 64 88 94 56

3 LL)AE-'S I 260 240 260 26U 260 200

LESTr 2 2u0 26 Ž80 280 280 220

TEM' FLA'ALirS 3 $0U0 280 30U 30U 3U0 a40

LOG. AVU. LEEC I 14593 93-7I 8401 d676 11383 7507
A T fE.IS 2 297-5 5513 323 2 266 1732 910

itCA'P.ttI;%S.) 3 10137 3543 1200 1209 995 264

954 L.C.L.J,4LY I 12Ž29 918,6 'f$'14 CJ0T 70-5 $660-

vALuESJb H rlS.Y 2 3349 i:5] 3047 Ž992 2 2 SS10 liou
S 'ki jjrŽ. i ,2s3 3 6 63J 34 718 1 14 Ž 11 4 Os i 196

T<.r.ti.N 6iF-G. LA,4I 3 9 76 35s S 1222 1174 804 323

20s,000 HJOt I ELi.. I'J'EA 255 212 24Z 244 249 I8s

TEviP- VAL.C C) L.C.L. 253 I 1 242 243 241 185

3U0JuU H./uJk iS. 1,kA 2I49 1 y~ Ž37 ,SsA Ž43 1Ž4
'.i L . ( vLC ) L .. L . c - i 1 2 34 23 A24 li440' U 0 r. .IO I LH . O . L A . 4 2 9U Ž3 3 Ž3 i1
F-r . VM . C (U) L .C.-L . iŽ43 i Ž6 P ) P t Ž 
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Table A2-Computer Readout Data, (Sheet 27) (Continued)

)1311E' I v J.uwiUr:; 57 55 d6 62 100 72

3 Lj..+zfi' 1 1-Id 10 160 260 2 2 0 220

C LF)f & 200 200 IuO 260 240 24U

IWHL,#IHE~A I ursEs 3 2za 220 2u0 300 260 260

LJUO. AVU. LIft. I 1 3934 99 56 1 2323 5569 9300 4410

MiT TE3i a 640 4005 b638 1942 3342 262
fEbiqH.<risit.) 3 S 2 696 3410 536 1426 240

9D4 L.U.L.-JLY I 12498 9363 1 1031 5321 6950 1614

vALUE:3(rim.S.) Z 29U6 2713 6n16 1693 3429 b14
teTEriHS 1s2&3 3 463 667 3098 515 1373 d6

i'iEAN rtE6. LiNE 3 691 621 3606 568 1403 1 i82

z0,OOO diJurt Tr Emr. INO1LEA 1 79 1 73 149 241 205 197
TEMH. VAL.( C) L.C-L. 173 166 137 238 204 175

30,000 HI-J TEIMP.INODEX 174 1 67 138 235 198 192
[ET3lz-. VAL.( C) L.C.L. 168 162 122 232 197 166

4U*OU HrUo TEsP .INDEX 171 1 63 131 231 193 189
'I'EMP. VAL.( C) L.C.L. 1 64 1 58 1 1 3 227 192 1 64

LiSfING AUMB16Ed 5)5 56 57 56 59 60

SYST'EM~i NUMBEri 8 7 S8 60 75 77 7d

3 LWELSC 1 190 200 1190 200 190 190

EvSr 2 200 220 200 220 200 2O0
IEMPERMAUKEs 3 220 240 220 240 220 220

LJi. AV6. LIF'E 1 6378 7202 13d49 7078 11905 14441
AT TES T 2 21Sb4 390 4152 1158 4375 2948

TEr t. (HNs.) 3 480 156 390 239 1236 1239

95f. L.C.L.-icLY 1 5313 3552 13004 6527 10003 7905
VALUEL(HNS. ) 2 2323 627 3922 1168 4845 4178

STEsMPS. 1s2&3 3 407 76 3b8 220 1066 741

ii.EA'J dthi. LINPE 3 460 113 393 235 1178 1050

Ž0OUU Hriid I'E1tlir.fI'qJA 1 77 168 187 189 182 162
tEMP . VAL.( U) L.C-L- 1 7b 180 186 168 161 175

30,uOU N806 UEMP . INDEX 173 164 164 Id5 1 77 178
Tc'MP. VAL.( C) L-C.L. I 70 1 76 1363 183 175 169

4U,0UUU HJUXS IEiH-. LAEA 1 70 182 182 162 1 74 174
TEMP . VAL.( C) L.C-L. 267 173 Id1 180 172 165
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Table A2-Computer Readout Data, (Sheet 28) (Continued}

LI¾II4'4<,l J-d SI1~Cm, 61 62

Sf i' -t [A.e ts 0, ', tNd-tu7'/9 8 1

3 LU)WLA1 1 190 190

'I'F 2 2U0 2l00

I'4-si' L,A Jl r: i 3 2'20 220

LOlG. AvC. LIVE I 10-691 21O1

AT FrI% 57t ?-- 4375
T i -. CrtK-.) 3 1d24 IU64

9t/ L-.C.L.-J4Lt I 9300- a123
VAt-L jUiSCte ) 2 5342 4U 6d

L~±Twr325. a1t2&3 3 I 393 1041

MEIAN IEALF LINF 3 [7719 1Q66

20,OOO HJOU- TErIi-¼INDEA 179 176
T1sLkr. VAL. ( C) L.C-L- 177 178

30. 000 HJUK TEtI-'.IN0JEA 173 173
TEAii. VAL.( G) L.G.L- 1 70 1 72

40>000 HJJŽ frE,9. INDEX 1 69 1 69
TU&k. VAL.C C) L.C.L. 165 1 68

**.'6' tAO OF DATA *,f-*

' i&E: 20.17 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
D-1, 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-li 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 PolyAmide-

imide Topcoat
0 Tris-Polyester with Amide-Imide Topcoat
P-1, P-2, P-3 Polyesterimide

Q Polyester-Amide
R Acrylic

S 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 film)/Single Polyester-glass Fiber
Y-1, Y-2, Y-3 Silicone Modified Polyester
Z-1, Z-2, Z-3 Epoxy
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Table A4 -Generic Name Index for Insulating Varnishes

Index No. Generic Name

=lAD Oleoresinous, Organic

2A thru 2F Oil Modified Phenolic

3A oil Modified Alkyd

4A thru 4F Modified Polyester

SA thru 5E Phenolic Modified Polyester

GA, 6B, 6C Silicone Modified Polyester

7A Tris-Polyester

8A Diphenyl Oxide Polymer

9A Unmodified Epoxy

IDA, 10$ Silicone

11A Experimental Solventless

12A Solventless, Two Component Epoxy

13A, 13B, S3C, 13D Polyimide (12% solids)

14A Amide-Imide

I C A Acrylic
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