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FOREWORD

This test method is based upon similar thermal aging tests for insulated wires, developed by
IEEE and ASTM D 09.18, but offers important contributions. It adds statistical confidence limits
and provides an extensive test example to assist those who have not previously performed this
type of long-term thermal testing.

This test method standard was developed to identify a user-friendly test method and provide an
aerospace wire user with a means of thermally rating newly developed insulated wires relative
to wires that have been used in aerospace vehicles for several decades.

This test method is intended for use in conjunction with other aerospace wire tests. It is not
intended as a short-time quality control test procedure. It provides the aerospace vehicle
designer and user with a criterion for selection of the most suitable wire for a particular
application.
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1. SCOPE:

1.1 This test method provides performance data on candidate insulation systems as a function
of time and temperature. These data give engineering information on the wire insulation
candidate relative to the performance of materials already in use with a backlog of
experience. These tests expose candidate insulation systems to a wide range of
temperatures for short and long periods of time, while measuring the degradation of its
physical properties. For aerospace use, end-point proof tests include mandrel bend, water
soak, and dielectric integrity.

1.2 The thermal rating of an insulation system describes the quantitative relation of life of an
insulation system to the temperature and time of exposure. The end of life is defined by
the mechanical/ electrical loss of integrity of the insulation system after exposure. A
Temperature Index (TI) is then assighed based on temperatures and times recorded
during the test. It should be noted that the Index is based upon the time at which 50% of
the samples have failed. A related quantity is Relative Temperature Index (RTI) and is
obtained when a candidate insulation system is simultaneously tested with a known
insulation system using identical conditions (e.g., same temperatures, time intervals, and
oven). RTI has been found to be more meaningful than Tl since it is less affected by the
variations in test conditions and procedures.

1.3 Also included in this document is an extensive appendix to assist the user in performing
and interpreting this test. Included in the appendix is an example which provides greater
detail for those who have not previously run this test. This type of detail is not included in
any of the referenced documents.

1.4 This test method serves several purposes. Initial qualification of new aerospace wires to
specifications for both commercial and military users may be established by using the TI
and RTI. Also, it provides engineering information data for assigning operating or rating
temperatures for a specific insulated wire.

1.5 The high temperature test may be used to statistically compare the thermal performance
data of a lot of wire with the original test data. The high temperature test is not
recommended for use in continuing production quality control procedures until empirical
evidence shows that the high temperature test or another analytical procedure, such as a
thermogravemetric test, can accurately provide quality control testing information.

1.6 This test method is primarily based on the degradation of the wire insulation, which tends
to follow the Arrhenius relationship with respect to time and temperature. This test
method, however, does not address, in and of itself, all mechanisms which may occur to
degrade the insulation, nor does it imply that all degradation follow this relationship.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent specified herein.
The applicable issue of other publications shall be the issue in effect on the date of the
purchase order.
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2.1  ASTM Publications:
Available from ASTM, 100 Barr Harbor, West Conshohocken, PA 19428-2959,

ASTM D 3032 Standard Methods of Testing Hookup Wire Insulation - Relative
Thermal Life and Temperature Index

2.2 |EEE Publications:
Available from IEEE, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.

IEEE No. 98 Guide for the Preparation of Test Procedures for the Thermal
Evaluation of Electrical Insulating Materials

IEEE No. 101 Guide for the Statistical Analysis of Thermal Life Test Data
3. RELATIVE THERMAL LIFE AND TEMPERATURE INDEX:
3.1 Procedure for Test:

The procedure shall be followed as prescribed in the Relative Thermal Life and
Temperature Index Test as defined in ASTM D 3032. Any further references to ASTM D
3032 will refer to the Relative Thermal Life and Temperature Index Test. In the event of
conflicts between this document and ASTM D 3032, this document will take precedence.
The following items are exceptions or additions to ASTM D 3032.

3.1.1 Sample Selection. The wire specimens shall be made with conductor materials
appropriate to the expected operating temperature and use. The results on a finished
wire can be affected not only by the insulation materials but also by the conductor
materials and platings.

3.1.2 Proof Tests: ASTM D 3032 calls for the following proof-test procedures after each heat
aging cycle:

a. Mandrel wrap

b. Water soak

c. Dielectric proof test in water

Where appropriate to the end use, other environmental, mechanical, or electrical proof
tests may be used to evaluate the relative thermal life of two or more wires. These other

proof tests should only be used to provide relative thermal lives for comparison
purposes.
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3.1.3 Use of Truncated Data: From 10 to 50% of test time can typically be saved by using
truncated data. It is recommended that the Thermal Life Test be discontinued before all
ten specimens fail. Discontinue the test when at least six specimens have failed at each
test temperature. As in ASTM D 3032, for the use of truncated data, use the log-
average time of the fifth and sixth failures as the average life for that temperature. If all
ten specimens have failed, use the equation for log- average of ten specimens in ASTM
D 3032.

3.1.4 Temperature Selection. Temperature selection shall be according to the conventions of
ASTM D 3032. Consideration must be given to temperature dependent physical
properties such as melt point when selecting the test temperatures for this procedure.

3.2 Calculations of Results:

It is recommended that at least six significant digits be used in all calculations. Rounding
off numbers can significantly affect the results. Calculator or computer packages to
perform the regression and confidence interval calculations should also maintain at least
six significant digits to assure accuracy. All logarithms used in this test procedure are
designated in base 10.

3.2.1 Calculation of Time to Failure: Use ASTM D 3032 with the procedure for calculating
individual specimen exposure time to failure and average life of each temperature group
as in the calculation of results section.

3.2.2 Arrhenius Plot: Regression analysis of the time/temperature data may be made as
follows. For most materials, the time/temperature data follow the Arrhenius relationship
which states that the logarithms of the average times to failure have a straight line
relationship to the reciprocals of the absolute temperatures to which they are exposed.
Table 1 is a model data table of time to failure versus test temperature. This tabular
format should be used to record the observed times to failure of a candidate wire
construction at the test temperatures used.

3.2.3 Analysis of Test Data: Graphing the resultant data requires a special logarithmic graph
paper. The log-average time to failure (hours) is plotted on the ordinate (y axis) versus
the reciprocal of the absolute test temperature (1/K) on the abscissa (x axis). The data
in Table 1 are used to calculate the values to be plotted and are used to calculate a
linear regression line. Theoretically, this plot should be a straight line. This may not be
precisely the case. A statistical method known as “least squares” is used to calculate
the most probable straight line relationship. The best fit regression line must be
determined mathematically with the “least squares” method and plotted on the special
logarithmic paper.

Documents

Full document details: SAE AS4851A


http://www.avadocuments.com/doc/sae-as4851a
http://www.avadocuments.com/doc/sae-as4851a

SAE INTERNATIONAL AS4851™A Page 6 of 27

TABLE 1 - Model Data Table of Observed Thermal Life Test Data
Time to Failure, in Hours, at Temperatures T, T,, T, and T,

Failure T¢°C T,°C T3°C T4°C

1 Yio=  Y20& YT  YaoT
2 Y= YH= Y= yu=
3 Yi2= ¥Y22=  Ya2&  Yao=
4 Yi3=  ¥Y23© YT V43T
5
6

Yi4=  Y2a= Yaa4& Ya4&
Yi5= Y255 ¥Ya5= Y455

3.2.3 (Continued):

The dotted line indicates the stopping point of the test when using truncated data. The
first index on each data point is the test temperature and the second is the specimen
number (with O indicating the first specimen) (see Equation 1).

y14 = the 5th specimen to fail at temperature T, (Eq.1)

The log-average time to failure at each test temperature is calculated by summing up the
logyg of each time to failure and dividing by the number of test specimens at that
temperature as shown in Equation 2. The log-average hours to failure at temperature T,
may be calculated by use of Equation 3.

lo +lo +lo +...+lo
Y, = dYie dYy, 109V12 dYig (Eq.2)

yi(hours) = log™ 'Y (Eq.3)
Y, = Observed log-average time to failure of all specimens at temperature T,

This calculation is repeated at each temperature.
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3.2.4 Calculation of Regression Line: A regression line may be calculated and then plotted to
predict the life of the candidate wire sample at various temperatures. This line has the
form

Y =a+bX (Eq.4)
where:

\A(i = The predicted logarithmic life at the selected test temperature (T)

Xi = Reciprocal of the absolute temperaure (°Kelvin) at the selected test
temperature (Ti)

1
X =775 (Eq.5)

a =y axis intercept of the calculated regression line
b = Slope of the calculated regression line

Each test temperature used provides a data point for the plot or calculation. The
constants a and b are found using a computer program for linear regression or by use of
the following formula:

a=Y-bX
_ NEXY - (EX)EY) (Eq.6)
©ONEXZ - (=X

where:

N = Number of test temperatures used in the regression plot
Y = Average value of Y; for all test temperatures

X = Average value of all X, for all data points (temperatures)
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3.2.4 (Continued):
For N data points (test temperatures)
IXi =X+ X, + X, + ..+ X
IXZ = XE 4+ XS+ X+ X

=Y+ Y, + Y, +...+ Y
EXY = XY, + Y, + XY, + 4+ X Yy

(Eq.7)

The calculated regression line, as determined by constants “a” and “b”, may be plotted to
indicate the most probable predicted (expected) life versus temperature relationship.
The model Arrhenius plot of Figure 6 of ASTM D 3032 indicates the need for calculating
the regression line using least squares.

3.2.5 Calculation with Truncated Data: The same calculations may be done using only the
first six specimens to fail at each test temperature where the log-average life at each test
temperature is the logarithmic average of the fifth and sixth failures. The calculations
are identical with those of 3.2.3 except the log-average time to failure at each
temperature is calculated per the truncated data paragraph of ASTM D 3032.

3.3 Interpretation of Results:

3.3.1 Temperature Index (TI): The most precise TI, is obtained by calculation from the
regression line or less precisely from the graphic plot of the regression line. Typical
required life values (V,) range from 10,000 to 100,000 h. The most precise Tl value is
calculated by substituting the required expected life value into the calculated regression
line equation for y, and calculating the TI:

N b
logy =a+ —— Eq.8
9Yi TI+ 2732 (Eq.8)
or
TI:AL—273.2
log y,—a

At §, = 10,000 h, log ¥, = 4.000
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3.3.2 Extrapolation of Temperature Index (Tl)y from Arrhenius Relationship: The greatest
recommended extrapolation from any end data point is 25 °C. If the Tl is more than
25 °C less than the lowest temperature data peint, an additional test point no greater
than 25 °C above the calculated Tl needs to be added. This extrapolation limit is
required since the slope of the regression line may change at some point on the
expected life versus temperature plot. Interpolation on the regression line between any
data points is valid provided the data is linear.

3.3.3 Relative Thermal Index (RTI): Itis strongly recommended that tests be made
simultaneously on a new wire and a wire with known thermal performance since
measuring an absolute Temperature Index is subject to many errors, which can be
minimized during comparison tests. The RTI can be calculated by the procedure in
ASTM D 3032. The relative performance may be displayed by plotting the Arrhenius
curves for each wire on the same graph.

3.3.4 Comparison of Tl or RTI of this Method to ASTM D 3032 It should be noted that an RTI
or a Tl figure arrived at by this test procedure should agree with an RTI or Tl using the
procedure of ASTM D 3032. A quoted Tl or RTI figure must be given along with the
procedure by which it was determined and the required expected life.

3.4 Confidence Limits (CL):

The predicted logarithmic life value, \A(, , obtained from the regression analysis is the most

probable logarithmic life figure, but provides no indication of the variability of the predicted
life at any given temperature. The calculation of 95% confidence limits of the regression
line based on the test data provides this information. If an additional ten specimens from
the same wire sample are tested at a given temperature, the observed thermal life value
from this test will have a 95% probability of fallling between the 95% upper and lower limits
as calculated. These confidence limits vary at each test temperature. The confidence
limits usually plot elliptically above and below the regression line. The limits are narrowest
in the test temperature range and widen as the extrapolation occurs.
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