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original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 4. Significance and Use

1.1 These test methods cover procedures for evaluating the 4.1 It is essential that ovens used for thermal evaluation of
characteristics of forced-convection ventilated electrically-insulating materials be capable of maintaining uniform condi-
heated ovens, operating over all or part of the temperaturgons of temperature and air circulation over the extended
range from 20°C above the ambient temperature to 500°C angkriods of time that are required for conducting these tests.
used for thermal endurance evaluation of electrical insulatingpecification D 5423 specifies the permissible deviations from
materials. absolute uniformity that have been generally accepted interna-

1.2 These test methods are based on IEC Publication 21@onally for these ovens. These test methods include procedures
4-1, and are technically identical to it. This compilation of testfor measuring these deviations and other specified character-
methods and an associated specification, D 5423, have restics of the ovens.
placed Specification D 2436.

1.3 This standard does not purport to address all of the®: APparatus
safety concerns, if any, associated with its use. It is the 5.1 Multi-Point Recording Potentiometenaving provisions
responsibility of the user of this standard to establish approfor at least nine iron-constantan or chromel-alumel thermo-
priate safety and health practices and determine the applicacouples, with scale readings to 0.1°C or less. Use of a data

bility of regulatory limitations prior to use. processor or a data logger may be helpful in reducing the

number of calculations required.

2. Referenced Documents 5.2 Calibrated Iron-Constantan or Chromel-Alumel Ther-
2.1 ASTM Standards: mocouplesusing 0.5-mm diameter or smaller wire and having
D 2436 Specification for Forced-Convection Laboratorya junction size not over 2.5 mm long. If calibrated thermo-

Ovens for Electrical Insulaticn couples are not available, thermocouples made from a single
D 5423 Specification for Forced-Convection Laboratoryspool of thermocouple wire may be used provided that, when

Ovens for Evaluation of Electrical Insulatién placed within 10 mm of each other without touching in an oven
2.2 Other Document: chamber at 200°C, they give values for temperature that do not

IEC Publication 216-4-1 Guide for the Determination of differ from each other by more than 0.2°C.
Thermal Endurance Properties of Electrical Insulating 5.3 A temperature measuring system other than thermo-
Materials, Part 4—Aging Ovens, Section 1—Single-couples and a potentiometer may be used, provided that the

Chamber Overfs sensitivity, accuracy, and response time are at least equivalent
) to that of the equipment described above, and that the objec-
3. Terminology tives of 6.2.3 relative to minimization of heat conduction
3.1 Refer to the terminology section of Specificationeffects can be met.
D 5423. 5.4 Thermal Lag Time Specimetonsisting of a solid brass

cylinder, 10 mm in diameter and 55 mm long, with one
. S ' junction of a differential thermocouple soldered to the surface
These test methods are under the jurisdiction of ASTM Committee D-9 O”midway between the ends. The other junction of the thermo-

Electrical and Electronic Insulating Materials and are the direct responsibility of .
Subcommittee D09.17 on Thermal Characteristics. couple must be capable of being moved at least 80 mm away

Current edition approved June 15, 1993. Published August 1993. from the brass cylinder. An appropriate temperature indicator

2 Discontinued 1994; se#993 Annual Book of ASTM Standardel 10.01. (as in 51' or Other) must be provided for indication of

2 Annual Book of ASTM Standardgol 10.02. temperat diff to th t0.1°C d by th

4 Available from American National Standards Institute, 11 West 42nd St., 13th™ > pe a ure daifrerences to the nearest U. as measure y the
Floor, New York, NY 10036. differential thermocouple.
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5.5 Watt-Hour Meter of the appropriate voltage and phase, Note 2—The density of air at one atmosphere and 20°C is 1.205 kg/m
capable of reading to the nearest 1.0 Wh or less. 3

6.1.9 If the rate of ventilation is not within the specified
limits for the oven, adjust the vents and dampers and repeat
6.1 Rate of Ventilation 6.1.7 through 6.1.8.

6.1.1 Summary of Test MethedThe rate of ventilation is  §.1.10 Repeat 6.1.2 through 6.1.9, except heat the oven to

calculated using determinations of)(the average power the maximum temperature at which the oven may be used.
required to maintain the oven at a given temperature with its g ¢ 11 Report the following information:

ports open and?) the average power required to maintain the. 6.1.11.1 Identification of the oven,
oven at the same temperature with its ports closed. The test is .
R . . 6.1.11.2 Date and location of test,

conducted at 100°C and at the maximum temperature at which 61113 T q
the oven may be used. .1.11.3 Test temperz?\tures, an

6.1.2 Seal all openings into the oven, including, but not ©-1.11.4 Rate of ventilation at each temperature.
necessarily limited to, the vent ports, door, thermometer ports, 6.2 Temperature Variation, Gradient, and Fluctuation
and the space around the blower shaft (if the blower motor is 6.2.1 Summary of Test MethedSimultaneous temperature

6. Procedures

mounted externally). measurements are made at nine points in the oven chamber
6.1.3 Install a watt-hour meter, as described in 5.5, in theéver a period of time to determine the time and space variations
oven electrical supply line. of temperature. The time variation (temperature fluctuation)

6.1.4 Install a temperature sensor, such as a thermometera®d the space variation (temperature gradient) can be reported
m to 3 m away from the oven, at laadlsm away from any solid separately from temperature variation, which is the combina-
object, and approximately level with the oven air intake. Usetion of the two.
the oven temperature indicator to measure the internal tem- 6.2.2 Set the vents and dampers in the oven to the settings
perature of the oven. needed for the specified range of rate of ventilation.

6.1.5 Raise the oven temperature to T0®°C. When the 6.2.3 Install nine thermocouples in the oven chamber (see
temperature of the oven has stabilized, measure the consum®- and 5.2). Place one thermocouple in each of the eight
tion of power over a measured period of 30 to 40 min. Begincorners of the chamber 50 to 60 mm from each wall, and the
and end the measuring period at corresponding points of theinth thermocouple within 25 mm of the geometric center of
cyclic temperature fluctuation; for example, the moment whenhe chamber. Leave at least 300 mm of wire for each thermo-
the heaters are switched on by the thermostat in the case of @aauple within the oven chamber, in order to minimize effects of
“on/off” control. Measure and record the room temperature heat conduction along the wire.
which must not vary by more than 2°C during the test. 6.2.4 Bring the oven to the selected operating temperature

6.1.6 Remove the seals to restore the oven to its normagnd allow it to stabilize for a minimum of 16 h.
operating condition. If necessary, adjust the vents and dampersg 2 5 Measure the temperatures indicated by the nine ther-
to positions estimated to provide the specified rate of ventilamocouples to 0.1°C a sufficient number of times during one
tion. ) . complete temperature variation cycle to permit the determina-

6.1.7 Repeat 6.1.5. The average ambient air temperatuk@)n of the maximum, minimum, and mean temperatures of
must be within 2°C of the average ambient temperaturgach thermocouple during one cycle. Ambient room tempera-

measured in 6.1.5. o ) ture must not vary by more than a total of 10°C, and supply
6.1.8 Calculate the rate of ventilation in the oven using the‘voltage to the oven must not vary by more than a total of 5 %
following equation: during this measuring period.
N = 3.59(P, — P)/(V-p-AT) (1) 6.2.5.1 Calculate the average of the nine mean temperatures
Where: to 0.1°C and record as the set temperature of the oven.

6.2.5.2 Calculate the difference between the highest maxi-
P, = average power consumption, with no ventilation, MUM temperature and the lowest minimum temperature deter-

obtained by dividing the energy consumption deter- mined in 6.2.5 and record as the temperature variation.

N number of air changes per hour,

duration of the test in hoursy, perature and the lowest temperature at any specific time during
P, = average power consumption during ventilation, cal- the temperature cycle, and record as the temperature gradient.

culated in the same manné&w, 6.2.5.4 Determine which thermocouple has the greatest
V = total volume of air circulated within the oven(see  difference between maximum temperature and minimum tem-

Note 1), perature over the temperature cycle and record difference as the
p = density of the ambient room air during the test, temperature fluctuation.

kg/m*(see Note 2), and 6.2.6 Maintain the oven at the same operating temperature
AT = difference in temperature between the oven and thefor five days after the end of the stabilization period, and after

ambient room temperature, °C. the measurement of temperatures specified in 6.2.5. Maintain

Note 1—This volume includes space outside the testing chamber. Th@Mbient room temperature and supply voltage within the limits
amount of this additional space depends on the physical design of thé 6.2.5 during the entire period. Repeat the measurements and
oven. calculations in 6.2.5 daily.
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6.2.7 For routine monitoring of oven characteristics, for60 = 1 s, then close the oven. Record the temperature
example, as recommended in Appendix X1 of Specificatiordifference, as indicated by the two junctions of the differential
D 5423, the stabilization time specified in 6.2.4 may bethermocouple, at least once every 10 s until the maximum
reduced to 8 h, and the length of the test period following theemperature difference has been obtained. Continue recording
initial temperature measurements specified in 6.2.6 may bat least once every 30 s until the temperature difference has
reduced to 24 h (one day), with a single repetition of thedropped below 10 % of maximum.
temperature measurements. In case of doubt or dispute, use thes.3.4 Plot the recorded temperature values against the time

longer time periods. in seconds since closing the oven.
6.2.8 Report the following information: 6.3.5 Divide the maximum temperature difference by ten
6.2.8.1 Identification of the oven, and record a3, Then record as the thermal lag time the time
6.2.8.2 Date and location of test, in seconds, taken from the plot of temperature difference

6.2.8.3 Calculated set temperature for each measurementyersus time, for the temperature difference to redgh after
6.2.8.4 Temperature variation for each measurement, andthe time of maximum temperature difference.
6.2.8.5 If specified, temperature gradient and temperature 6.3.6 Report the following information:
fluctuation for each measurement. 6.3.6.1 Identification of the oven,
6.3 Thermal Lag Time 6.3.6.2 Date and location of the test,
6.3.1 Summary of Test MethedA defined brass bar speci- 6.3.6.3 Set temperature of the oven, and
men is placed in the heated oven, and the difference between its6.3.6.4 The determined thermal lag time, in seconds.
temperature and the oven air temperature is plotted against . i
time. The thermal lag time is the time in seconds required for’- Precision and Bias
the temperature difference to be reduced to 10 % of the 7.1 The precision of the individual methods given herein
maximum observed temperature difference. has not been determined, and no activity is planned to
6.3.2 Heat the oven to 20fi 5°C and allow it to stabilize determine the precision.
for at least 1 h. Stabilize a brass bar specimen (5.4) at room 7.2 The bias of the individual methods is largely dependent
temperature for at least 1 h. upon the accuracy of temperature measurement attainable
6.3.3 Without turning off the oven, open the door(s) of theusing the available apparatus.
oven 90°. Quickly hang the specimen in the geometric center
of the oven, using a heat-resistant nonmetallic cord. Thé: Keywords
orientation of the axis of the specimen is not significant. 8.1 forced-convection; ovens; set temperature; temperature
Suspend the other junction of the thermocouple 80 to 100 mrfluctuation; temperature gradient; thermal endurance evalua-
from the brass bar. Leave the oven door(s) open for a total dfon; thermal lag time; ventilated; ventilation rate

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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