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INVESTIGATING THE TEMPERATURE DEPENDENCE OF AC/DC TRANSFER STANDARD

The two rounds of investigating the dependence of measurement results of the AC/DC transfer
difference on a temperature are yielded during the work. This is one of the important metrological
characteristics of precise AC/DC transfer standard Fluke 7924 that was varied in a heat chamber in the
range of temperature from 15 to 25 °C. The first round has consisted 5 observation cycles which were
executed for every point at every defined temperature. There were selected nine observation points
depending on frequency and voltage level, and six points depending on measuring temperature. The second
round clarifies the dubious resulfs obtained in the first one. As a result of the work, the measurement
procedure is described, the uncertainty budget is made up and the temperature dependence of the
metrological characteristic under study is determined.
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Introduction

The State primary standard of the AC electric
voltage from 0.1 to 1000V is developed and
operated in the frequency range from 10 Hz to
| MHz (DETU 08-07-02) for today in Ukraine.
DETU 08-07-02 is intended for the metrological
support of precision measuring instruments (MI) in
the area of AC voltage measurement, participated in
two international comparisons and assigned as the
guarantor of the unity of measurements in the state
in this direction since the comparison results are
linked on the results of comparisons national
standards of the leading national metrological
institutes of the world [1]. DETU 08-07-02 is a
complex of precise Ml for measuring, reproducing
and converting DC and AC voltages. One of the key
elements of this complex 1is the precision
thermoelectric comparator Fluke 792A, which is
designed to compare the true RMS value of AC
voltage with the equivalent value of DC voltage.

The main metrological characteristic of
Fluke 792A is the AC/DC transfer difference (TD)
which reflects the relative difference between the
values of AC and DC voltages at the input of this MI
(the condition is that its output signals are equal at
the time of measuring the input signals). The
manufacturer’s specification of this instrument
specifies two temperature ranges for which the
acceptable limits of TD are indicated as well as
related expanded uncertainty [2]. The temperature
ranges are = 5 °C and = 12 °C from the calibration
temperature which is usually 23 °C. The narrower
limits of the measurement uncertainty (UM) values
are set for the first range of temperatures, while an

insignificantly wider are for the second one. But
there is no information about the temperature
coefficient of MI in this document. So the question
about the temperature dependence of TD of
Fluke 792A arises.

Overview of publications

One of the works devoted to the study of
temperature instability of reference MIs is the
illumination of the features of the use of a precision
electric power comparator which is a part of the
State primary standard of the electric power and
power factor DETU 08-08-02 [3]. Also, the study of
the temperature coefficient of AC/DC transfer
current shunts was performed for wideband power
applications in the temperature range from 20 to
30 °C [4].

The investigation of long-term instability
DETU 08-07-02 should be illuminated among the
papers concerning to Fluke 792A. The main
operation in the method of the research is
determining the TD of precision thermoconverter
relative to Fluke 792A [5]. Tt is interesting to study
the method of disseminating the unit of volt from
DETU 08-07-02 to precision thermoconverters in
the part influencing UM with wvariation of the
dynamic characteristics of the measurement process
with help of Fluke 792A [6].

With regard to the study of the temperature
dependence of Fluke 792A, the website of the
International Bureau of Measures and Weights
BIPM [7] gives out a technical protocol of key
comparison CCEM-K11 and CCEM-KI11.1 of
voltage transfer difference at low voltages under the
auspices of the International Committee of Measures
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and Weights CIPM [8]. There is information in this
document, in the section «The travelling
standard...», about the temperature coefficient of
Fluke 792 A that is frequency dependent. The values
of this coefficient are given, in particular, for the
range of input voltages up to 220 mV like 0, 1-10°
and 12-10° K" for frequencies up to 20, 100 and
1000 kHz, respectively. The expanded uncertainty
with this is reported like 1-10° K" for frequencies
up to 100 kHz and 4-10° K" for a frequency of
1000 kHz. However, the procedure for processing
the measurement results (RM) and UM is not
covered in this source. The authors did not find the
information on the temperature dependence of the
TD for the higher input voltage ranges. It follows
from the available information [8] that is a lack of
temperature dependence of TD for frequencies up to
20 kHz and the presence of a small temperature
component of the investigated metrological
characteristic at a frequency of 100 kHz relative to
the expanded uncertainty at this frequency within
1 K. The additional contribution to the expanded
uncertainty will be less than 0.5 % in the case of
non-consideration of temperature correction.

Setting goals

For a better understanding of the subject, the
technological features of the Fluke 792A working
must be considered. For this purpose, Fig. 1 shows
four variants of the interrelations of input and output
quantities.

Usel ACDC  |p. 1.l ACDC |V
Upc| Transfer | —» Transfer [Us
P Fluke 792A |Ude  Upc|Fluke 7924 [
a) b)

Usc+AU i

4actAUL ACDC gy,

Up| Transfer [

—P|Fluke 7924  |Ude

<)

Figure 1 — Interrelations between input and output
signals

Variant (a) represents a combination of signals
of the investigated thermocomparator when the
output signals of the alternating U, and the direct
Uy voltage are equal at the stages of the application
of the input alternating U,¢ and direct Upe voltage,
while the condition for determining the TD of the
Ml is achieved [9].

Variant (b) represents the inverse case when the
values of the input voltages coincide, and then it is
possible to determine the TD with the opposite sign,

taking into account the quasi-linearity of the trans-
mission function of this MI. Such an approach to the
definition of this metrological characteristic is
realized in the calibration procedure developed by
SE «Ukrmetrteststandard» [10] and in the national
standard [11].

If the interrelation of input signals is taken off
from the state of equality, adding a displacement of
the alternating voltage (see variant (c) on Fig. 1),
then you can find such value of this input quantity
when the output signals will be equal again.

It is worth considering in more detail the
process of obtaining information about the actual
value of TD of Fluke 792A for the understanding of
some nuances.

There is a proportional DC signal at the output
of the investigated MI when applying a direct volt-
age at its input. According to available information
[2], it is formed in the measuring path consisting of
an input amplifying or dividing unit of electronic
components, a measuring unit with an RMS-sensor,
an output signal formation unit.

Obviously, the output signal should change as a
result of the change in the internal temperature of
gach element of the measuring path. However, the
output signal for applied input AC voltage is formed
through the same measuring circuit with the
difference that the additional reactive components of
the circuit which were in the passive state during the
application of input DC voltage. According to the
above, the output signal at this operation should also
change by approximately the same magnitude, since
the difference in the measuring path is only present
at the stage before the AC/DC transformation of the
signal. The results of the observations set out in [8]
indicate a change in the difference between the
magnitudes of the output signal at the two specified
operations at about 1 uV/V at a frequency of
100 kHz, most likely due to changes in the
characteristics of the reactive components.

The effect of temperature on RM of calibration
using this standard should be investigated in a wide
range of input voltage values to support high-quality
precision measurements of the alternating voltage
because of Fluke 792A is a part of the DETU
08-07-02. Particularly relevant, this question
becomes in the context of the accreditation of the
state standards laboratory by international auditors
under the auspices of the regional metrological
organization COOMET, since the DETU 08-07-02
must be operated in the temperature range from
21 to 23 °C and the temperature of the calibration of
Fluke 792 A is usually 23 °C.

The above aspects of Fluke 792A application
which is a part of DETU 08-07-02 allow to focus an
attention on the relevance of the investigation of the
temperature dependence of TD of Fluke 792A over a
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wider range of voltage and to understand the
features of the following measurement procedure.

Thus, the purpose of the work is highlighting
the measurement procedure, making up the
uncertainty budget and determining the temperature
dependence of TD of Fluke 792A for taking into
account the effect of temperature on the results of
disseminating the AC voltage unit to a less accurate
MI.

Research method

The basis of research is an assumption about
invariability or negligible variation of actual values
of deviation Asz of output signal of the calibrator
Fluke 5720A and deviation of multimeter Agilent
3458A (that is included in total deviation Ay) from
the conventional true values of electric voltage in
these points on condition of constant connection
leads and parameters of surrounding air (first of all,
temperature). Furthermore, it is necessary to re-
member that Fluke 792A converts input signal with
some transmission ratio K. An additional condition
is an invariability or negligible variation of the in-
ternal temperature of mentioned Mls. The last re-
quirement could be satisfied with help of the condi-
tioner (we succeeded to retain a temperature in the
range from 22,15 to 22,66 °C during six hours, that
is average velocity of temperature variation did not
exceed 0,1 °C in one hour).

There was used heat chamber Memmert ICP400
for the creation of necessary temperature level which
surrounds investigated MI for determination of tem-
perature dependence of TD of Fluke 792A. The
thermocomparator was placed in the determined
temperature conditions with adjusting accuracy
+0.1 °C during two hours. There was placed ther-
mohygrometer Testo 608-H1 in a middle of this
chamber, in order to avow the displaying of the heat
chamber which was calibrated previously. It is inter-
esting to define the dependence of TD of investigat-
ed thermocomparator on the surrounding tempera-
ture variation in a range from 15 to 25 °C for the
scientific and production necessities of the research
department of the electric measurements. An interval
was selected in two degrees for change fixing of
investigated metrological characteristic, that is the
determination of TD was executed in six points of
one frequency of one magnitude alternating voltage
(for research was select frequencies 20 Hz, 1 and
100 kHz in all).

It is possible to research the temperature de-
pendence of TD of investigated thermocomparator
using a measuring scheme that is represented in
Fig. 2.

The multimeter Agilent 3458A has a function
of displaying the value of internal temperature that
allows to obtain information about this parameter of
MI and to surmise about the internal state of

Fluke 5720A. The observation on the time of obtain-
ing the stable temperature inside chassis of multime-
ter Agilent 3458A in the laboratory of
SE «Ukrmetrteststandard» with the volume of air
about 65 cubic meters allowed to get conclusion
about passing to the quasi-stable internal tempera-
ture state during about four hours continuous work,
when variation velocity of this parameter does not
exceed 0.1 °C and probably, depends on the temper-
ature of surrounding air. The judgment about inter-
nal temperature of Fluke 5720A can be formed lean-
ing on state information of multimeter Agilent
3458A, as there is no analogical possibility for the
first MI. Then we could assume the possibility of
temperature equilibrium achievement approximately
in the same temporal borders for both Mls.

Calibrator
Fluke 5720A
Use+As720
i __________ vy o H h 'C' 'E
I a h :
1 Thermocomparator| a g :
; Fluke 792A o
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Figure 2 — A measuring scheme for investigating the
temperature dependence

The involved MIs were warmed up for at least
150 minutes and Fluke 792A was been in the given
temperature conditions for two hours. After that, the
output signal of Fluke 792A was measured with the
help of multimeter Agilent 3458 A when the voltage
of the determined value and frequency was applied
to the input of the MI. The readout of the multimeter
was fixed ten times and, after that, the DC voltage of
the positive polarity of the equivalent magnitude was
applied to the input of Fluke 792A in the second
stage. The readout of the multimeter was fixed ten
times and, after that, the voltage polarity was
changed to negative and output signal of MI was
again recorded 10 times in the third stage. Such
manipulations were performed five times for each
observation point, Thus, the full information about
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the TD at any point consisted of 50 observation
results of the alternating voltage, 50 observation
results of the direct positive and 50 observation
results of the direct negative voltage.

Further processing of the measurement data
array was carried out according to the formula

50
=l
1=y (h
where j is a number of observation stage (from
1 to 3);
i is a number of observation result U/;.
The final RM was determined by the formula

5720 _2—UL -1, (2)
U,+U,

where Ui, U, Usare the average arithmetic
values of the multimeter readouts at the
measurement of the electrical voltage at the first,
second and third stages, respectively, which were
calculated by the formula (1),

It should be noted that RM by expression (2) is
proportional to the deviation of the RMS value of
input AC voltage at the investigated point from the
equivalent value of DC voltage without excluding
the TD of Fluke 792A itself.

The generally accepted definition of TD
requires the application of AC and DC voltages at
the input of the thermocomparator when the
corresponding output signals acquire equal values
(see variant a) of Fig. 1) [9]. The Fluke 792A has a
quasi-linear transmission characteristic [2] and
consequently, the TD definition will be valid for the
same formula with only the opposite sign when the
outputs are used instead of the inputs ( the condition
is that the input signals are equal during the
measurements, like in variant b) of Fig. 1), i.e.

5, =1-—=Yx (3)
792 »
Upa’c + Undc

where U, is the value of the output signal of
Fluke 792A when AC voltage is applied to its input;

Upger Unde are the values of the output signals
of Fluke 792A when equivalent DC voltages of
positive and negative polarity, respectively are
applied to its input.

Taking into account the relative deviations of
the multimeter Agilent 3458A readouts from the
reference values of the standard during calibration,
the expression (2) is converted to

. 2-(1+3,)-U,
g0 = -1, 4
(1+3,)-U,+(1+8,)-U,

where Uy, U.,, U, are conventional true values
of voltage for multimeter indications;

8, 0,3, 84 are relative deviations of multimeter
indications.

The relative deviations of the multimeter
Agilent 3458A from the conventional true values are
going to be neglected, taking into account the
negligibly small difference between its indications in
the first, second and third stages which allows equat-
ing these deviations.

The arithmetic mean of the output signal in the
first stage can be divided into two components in the
expression (2): the value of the voltage which can be
equated to U, and proportional to the deviation of
Fluke 5720A°s output signal AU,. and thus

U =U_+AU_. (5)

ac

Using the relation (3) can be obtained

AU . (6)

ac

U.=(1—5m).%+

When the temperature of the ambient air around
Fluke 792A is fixed equal to the temperature of its
calibration, then the ratio

U +U

e T =U L U, @
is right.

In this case, the relation (2), taking into account
the expression (4), can be converted to

6572[' = & - 6792 : (%)
UrE + Uw.‘%

Consequently, taking AU,. = const, we obtain
the direct dependence of RM on TD of investigated
Fluke 792A by the formula (2). We can do the
conclusion about changing the TD of the
investigated MI by varying the temperature of the
heat chamber inner air, calculating RM difference
using formula (2).

Evaluating the measurement uncertainty

In order to properly evaluate UM in
determining the temperature dependence of TD of
Fluke 792A one must find the difference of RM by
equation (2) at adjacent points 1 and 2, transforming
the expression

2-U, 2-U,

6?92(7—') = U22 +U;i — 7(:']21 +U31 , (8)
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where T, T are the temperature values in the
heat chamber at the measuring points,

The sensitivity coefficients for each input
quantity of the functional relationship (8) must be
defined as the first partial derivatives in accordance
with the Guide to the expression of UM [12].

The absolute value of the sensitivity coefficient
for the voltages measured in the first stage is equal
to

0d.,,(T) 2
¢ =o)L . )
ou,, (T1 _Tz)'(Uzz +U32)
where k is a notation of the measuring point.

The absolute value of the sensitivity coefficient
for the voltages measured at the second and third
stages is equal to

c = aSTOQ(T) — 2'Ulk
!
aUm (7:_7;)'([’[2:; +U3fh)
where [ is a notation of the second or third
stages.

The absolute value of the sensitivity coefficient
for the heat chamber inner temperature is equal to

- (10)

2'U12 . 2"‘TJH
o = 86792(T) _ Uzz + U32 Uzl +U31 (11)

The uncertainty budget is presented in Table 1.

Table | — Uncertainty budget when determining the
temperature dependence

. Standard | Contribution
Input | Estimate of . .
m vlinput quantity uncertainty| to combined
quantity Pt q Uy uncertainty
1 Un [711 230 Ciri
2 U, Elz U2 Ci 2
3 Uy Ezl U3 Caly)
4 Ugg [723 255 Ca oz
5 Usy 531 253 C3 U3
6| Uy Us U3 Cy'li
70 T (_)1;A, Ur, Wy | Crdq; Crir
8| I, (_jz;A2 Upzy Uy | Crip:; Cruy
Combined
Output  |Measurement standard Expanded
antit sult . rtaint
quantity resu uncertainty uncertainty
. k -y,
6792(T) Equatlon (8) Uzcomb (kztozﬂib

There is used the symbol # in Table 1. In gen-
eral, it is the type A uncertainty for the correspond-
ing input quantity, but also it notes the type B uncer-

tainty for the correction of the thermohygrometer
indication when it is used the subscript 7.
Combined standard uncertainty is determined

by the formula
b
2 2
uEr:erh = Zcm .um . (12)
m=l

Measurement results and uncertainty of de-
fining the temperature dependence

The measurements were made to determine the
temperature dependence when the electrical voltage
of 0.2, 2 and 5V at a frequency of 20 Hz, 1 and
100 kHz were applied. As noted above, the
temperature points of measurement were chosen 15,
17,19, 21, 23 and 25 °C.

The determination of temperature dependence
took place in two rounds. In the first round, a
complete cycle of measurements was carried out at
all points starting at a temperature of 15 °C.

In the second round, a clarification of the dubi-
ous RMs was made. The results that had values sig-
nificantly different from the overall consecutive RM
were attributed as the dubious RMs.

RM of the first round of the study is presented
in Tables 2-4.

Table 2 — Average values of measured input
quantities and RM for voltage 0.2 V

Output signal value, V, depending
o on the input voltage RM,
T,°C — -
alternating positive | mnegative uv/v
direct direct
at frequency 20 Hz
15 1.795153 | 1.795197 | 1.795220 | -30.9
17 1.795089 | 1.795142 | 1.795151 | -32.0
19 1.795038 | 1.795097 | 1.795089 | -30.6
21 1.795003 | 1.795075 | 1.795034 | -28.7
23 1.794910 | 1.794986 | 1.794947 | -31.5
25 1.794858 | 1.794951 | 1.794885 | -33.4
at frequency 1 kHz
15 1.795202 | 1.795189 | 1.795214 | 0.3
17 1.795140 | 1.795139 | 1.795146 | -1.4
19 1.795088 | 1.795093 | 1.795086 | -0.8
21 1.795025 | 1.795049 | 1.795010 | -2.5
23 1.794977 | 1.795000 | 1.794962 | -2.2
25 1.794910 | 1.794944 | 1.794883 | -1.9
at frequency 100 kHz

15 1.795184 | 1.795186 | 1.795213 | -8.6
17 1.795123 | 1.795133 | 1.795145 | -8.9
19 1.795082 | 1.795099 | 1.795092 | -7.5
21 1.795010 | 1.795044 | 1.795006 | -8.4
23 1.794962 | 1.794995 | 1.794958 | -8.1
25 1.794897 | 1.794941 | 1.794880 | -7.5
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In general, the dependencies of RM on
temperature which were obtained in the first round
of the study seems to have close to the direct lines
with peak emissions at some points.

The results of the investigation at a voltage of
0.2 V for a better visual perception are converted to
a graphical form in Fig. 3.

A D570, UV-V! _
115 17 19 21 23 T.0E
0 & e p—— !
— — Se———
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-20 +
. -
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.40 4 ——20H, ®-1kHz 100kHz

Figure 3 — RM dependence for input voltage 0.2 V
The results of the study on voltage 2V for
Table 3 have been converted to a graphical form in

Fig. 4.

Table 3 — Average values of measured input

quantities and RM for voltage 2 V

Output signal value, V, depending
o on the input voltage RM,
T, °C — -
’ alternating positive negatlve uv/v
direct direct
at frequency 2(0) Hz
15 1.694307 | 1.694362 | 1.694373 | -35.7
17 1.694305 | 1.694300 | 1.694312 | -0.6
19 1.694212 | 1.694264 | 1.654274 | -33.6
21 1.694109 | 1.694162 | 1.694174 | -34.8
23 1.693996 | 1.694051 | 1.694061 | -35.4
25 1.693914 | 1.693967 | 1.693973 | -33.1
at frequency 1 kHz
15 1.694384 | 1.694362 | 1.654371 | 10.3
17 1.694322 | 1.694299 | 1.694311 | 10.0
19 1.694283 | 1.694261 | 1.694272 | 9.7
21 1.694210 | 1.694188 | 1.694200 | 9.4
23 1.694158 | 1.694135 | 1.694147 | 10.0
25 1.694070 | 1.694048 | 1.694057 | 10.3
at frequency 100 kHz

15 1.694204 | 1.694363 | 1.694374 | -97.1
17 1.694342 1 1.694300 | 1.694312 | 212
19 1.694101 | 1.694260 | 1.694271 | -97.1
21 1.694029 | 1.694188 | 1.694200 | -97.4
23 1.693977 | 1.694134 | 1.694147 | -96.5
25 1.693887 | 1.694046 | 1.694056 | -96.8

The nature of the temperature dependencies
shown in Fig. 3 indicates the inappropriateness of
introducing a temperature correction to RM obtained
with the application of the thermocomparator in the
range of a given temperature.

Bore, UV V!
7% 19 21 23 T.°C
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-80 Y
\
-110 ——20Hz =1kl 100 k117

Figure 4 — RM dependence for input voltage 2 V

As can be seen in Fig. 4, during the first round
of research recorded jump-off offset of RMs at a
temperature of 17 °C at frequencies of 20 Hz and
100 kHz which causes distrust of these RMs.

Table 4 — Average values of measured input

quantities and RM for voltage 5V

Output signal value, V, depending RM
T oC on the 1np_u_t voltage _ WV
alternating positive | negative
direct direct
at frequency 20 Hz
15 1.426868 | 1.426910 | 1.426921 | -33.3
17 1.426843 | 1.426877 | 1.426888 | -27.7
19 1.426822 | 1.426863 | 1.426873 | -32.2
21 1.426782 | 1.426825 | 1.426837 | -34.3
23 1.426675 | 1.426719 | 1.426731 | -35.0
25 1.426701 | 1.426750 | 1.426756 | -36.4
at frequency 1 kHz
15 1.426905 | 1.426910 | 1.426920 | -7.0
17 1.426872 | 1.426877 | 1.426888 | -7.4
19 1.426854 | 1.426859 | 1.426869 | -7.0
21 1.426809 | 1.426814 | 1.426826 | -7.5
23 1.426778 | 1.426783 | 1.426795 | -7.7
25 1.426751 | 1.426756 | 1.426767 | -7.4
at frequency 100 kHz
15 1.426937 | 1.426909 | 1.426920 | 15.8
17 1.427000 | 1.426878 | 1.426888 | 82.0
19 1.426917 | 1.426858 | 1.426868 | 37.8
21 1.426756 | 1.426814 | 1.426825 | -44.3
23 1.426725 | 1.426783 | 1.426794 | -44.5
25 1.426692 | 1.426752 | 1.426763 | -45.9
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The results of the study on voltages 5V for
Table 4 have been converted to a graphical form in
Fig. 5.

As can be seen from Tables 2-4, the spin-off
deviations were fixed at a temperature of 17 °C at a
voltage of 2 V at a frequency of 20 Hz and 100 kHz
and 5V at a frequency of 20 Hz. Another problem
point was the temperature of 19 °C for a frequency
of 100kHz at a voltage of 5V. Moreover, the
displacement at all points occurred in one positive
direction. RMs got to a roughly straight line on a
frequency of 1 kHz at all observation points and at
any given temperature,

g0 A [-\‘)5'30_.1]\7“\/"’]

70
30
30
10 115 17 19 21 23 T.°C
_10 | —il— — 3 3 |
B0 g —

———— o
-50 -

—+—20H: —®-1kHz 100 kHz

Figure 5 — RM dependence for input voltage 5 V

During the second round, a refinement of jump-
off RM offset was made. The refinement was carried
out for three values of temperature, two values of
frequency and two values of electric voltage. The
process was constructed in such a way that
observation took place practically throughout the
whole period of temperature change in the heat
chamber. It was accidental, but the MI was
maintained for two hours at a temperature of 15 °C
at the beginning.

Periodic  measurements were made in
accordance with the expressions (1) and (2) in a
random manner starting with this temperature and to
a temperature different from laboratory to several
degrees. It was noted that there was no repetition of
previous results at a frequency of 100 kHz for both
voltage values in contrast to the frequency of 1 kHz
where the repetition occurred. With regard to the
frequency of 20 Hz, the results of the second round
indicate a straightforward temperature dependence
despite the isolated cases of RM deviation.

During the second round of observations, some
of the regularities of the Fluke 5720A functioning
were noted. It was observed that the output signal of

said MI during the observation period took some
number of certain values at a frequency of 100 kHz.
There were recorded several cases of jump-off RM
offset during one measurement stage and after some
time the return of RM to the previous value. Since
the measurement scheme involves three Mls, this
state of affairs may be explained by changes in the
internal parameters of some of them. The RM offset
was recorded almost entirely at a frequency of
100 kHz which is the evidence of the version about
the internal state change of the Fluke 5720A.

The values of RM that were periodically
repeated during the first and second rounds for
voltage 2 V at frequency of 100 kHz: -97.2; -39.5; -
20.5;+21.3 uV/V.

The values of RM that were periodically
repeated during the first and second rounds for
voltage 5V at frequency of 100 kHz: -45.6; +15.8;
+38.1; +81.6 uV/V.

Throughout the time of observation, a small
short-term displacement of the multimeter readings
periodically arose which was noticeable at all stages
of the measurement. It may have been the effect of
internal noise of the Fluke 792A or the multimeter.
The materials from previous experimental studies
were used in order to take into account the short-
term instability of Fluke 5720A [13].

Another factor influencing the RMs is the drift
of the output signal of Fluke 792A whose
contribution to the combined standard uncertainty
has been estimated in accordance with [6] at a level
lower than 0.1 uV/V. In general, this agrees with the
data of the manufacturer [2].

The final results of determining the temperature
dependence of Fluke 792A are presented in Table 5.

Table 5 — The temperature-related change of TD,
and the corresponding UM

Temenne | oS Ui
for voltage 0.2 V and frequency 20 Hz
15-17 0.55
17-19 -0.70
19-21 -0.95 2.62
21-23 1.40
23-25 0.95
Mean 0.25
for voltage 0.2 V and frequency 1 kHz
15-17 0.85
17-19 -0.30
19-21 0.85 1.23
21-23 -0.15
23-25 -0.15
Mean 0.22
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Continuation of Table 3

Temperature TD change, e
rgnge u\/-\/'l-lg'1 UM, uV-voK
for voltage 0.2 V and frequency 100 kHz
15-17 0.15
17 -19 -0.70
19 -21 0.45 1.12
21-23 -0.15
23-25 -0.30
Mean -0.11
for voltage 2 V and frequency 20 Hz
15-17 -0.75
17 -19 -0.30
19 -21 0.60 1.97
21-23 0.30
for voltage 2 V and frequency 20 Hz
23 -25 -1.15 | 1.97
Mean -0,26
for voltage 2 V and frequency | kHz
15-17 0.15
17-19 0.15
19 -21 0.15 0.96
21-23 -0.30
23-25 -0.15
Mean 0.00
for voltage 2 V and frequency 100 kHz
15-17 -0.10
17-19 0.10
19 -21 0.15 1.09
21-23 -0.45
23-25 0.15
Mean -0.03
for voltage 5 V and frequency 20 Hz
15-17 -2.80
17-19 2.25
19-21 1.05 2.01
21-23 0.35
23-25 0.70
Mean 0.31
for voltage 5 V and frequency 1 kHz
15-17 0.20
17-19 -0.20
19 -21 0.25 1.28
21-23 0.10
23-25 -0.15
Mean 0.04
for voltage 5 V and frequency 100 kHz
15-17 0.35
17-19 0.30
19 -21 -0.45 1.15
21-23 0.10
23-25 0.70
Mean 0.20

As can be seen from the table, the average
values of the temperature coefficient of the
investigated MT do not exceed 0.32uV-V'K'. In
view of UM values and the dispersion of RM, it can
be stated that there is no temperature dependence or
that it is negligibly small.

Discussions

The authors are inclined to consider the
suspicious RMs obtained in the first round as a
contribution of the Fluke 5720A. Another voltage
source, the calibrator Fluke 5522A, was used during
the work to test such an assumption. However, this
instrument is considered less accurate and we felt it
when it was applied. For example, the scattering of
the RM of the output signal of Fluke 792A at a
frequency of 100 kHz was an order of magnitude
higher than the same characteristic of the initially
selected source (type A uncertainty is 4-5 times
greater). In addition, the value of the RM obtained in
accordance with expression (2) reached +290 uV/V
at a voltage of 2 V. Also, the drift of the output
direct voltage of Fluke 5522A was estimated to be
three times larger than an analogic characteristic of
the first voltage source. These circumstances did not
allow the use of Fluke 5522A as an alternative
source.

Another argument which proves in favor of the
previous thesis is the absence of a similar problem
phenomenon at a frequency of | kHz and has a less
clear expression for a frequency of 20 Hz.

A disappointing disadvantage of the study is the
lack of technical possibility of the application of the
above methodology at a frequency of 1000 kHz
since the calibrator Fluke 5720A is deprived of a
repeating stable output signal of this frequency.

The authors suppose that the results of the
study, in general, are considered to avow about
inappropriateness to introduce a temperature
correction to the treatment of RM during the transfer
of the unit of AC voltage. Since the expanded
uncertainty  attributed to Fluke 792A  during
calibration has a minimum of 9 and 4 uV/V at
frequencies of 20 Hz and 1 kHz, and the estimated
mean values of the temperature coefficient for these
frequencies for the corresponding voltage are -0.26
and 0.03 uV/V-K™, respectively.

Conclusions

The obtained results allow us to state the
absence or negligently small degree of influence of
the temperature coefficient on the displacement of
the TD of Fluke 792A in the temperature range of 15
to 25 °C for three variants of the configuration of the
input signal or without scaling).

The measurement procedure of the TD of
Fluke 792A temperature dependence research has
been proposed and analyzed, as well as the
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uncertainty sources have been determined and the
uncertainty budget has been compiled in the
determination of the temperature characteristic.

A number of characteristic values of the output
signal of Fluke 5720A are noted, which, obviously,
is a constructive feature of specific specimen or type
of Ml in whole.
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Haoitiwina oo peoarcyii 11.05.2018

JOCJITKEHHSA TEMITEPATYPHOI 3AJTEJKHOCTI ETAJIOHY AC/DC TIEPEXOTY

VY cxnaoi Jepowcasnozo nepeunno2o emaiory OOUHUYl eTeKMPUYHOT 3MIHHOT HAnpYeu € npeyusiiHui
mepmoxomnapamop Fluke 7924. [en npeyusitinuti 3acit 6UMIpIO6GIbHOT MEXHIKY APUIHAYEHUT! 018 PI3HO-
YUCOBO20 KOMRAPYEAHHA OIIOH020 3HAYCHHA 3MIHHOI HURDYeU 3 CKGIGUICHMHUM 3HAYEHHAM HOCHINHOT Ha-
npvay. Hatibinouwe snaueac na cymapny HesUsnauenicms 3asnauenozo oepxcasnozo emanoity Fluke 7924,
MoOMO CIAROAPMAA HEGUIHAYECHICHb RPU BUMIPIOBUHHT 11020 NOXHOKY KOMRUPYEAHHA HANPYZU.
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Y mexuiuniti doxymenmayii yb020 MepMOKOMAAPAMOP) BIOCY MU IHPOPMAYIL NPO MEMREPAMYPHY 3d-
AENCHICHb MEMPOROSTUHUX XAPAKMEPUCTHUK, WO NPUIE0OUMb 00 SUHUKHECHHA 000AMKOBUX 3aNUMAHb w000
Hesuznauenocmi 3a memnepamypu, eiominnol sid mevnepamypu ranriopyeanns. I'orositolo npobaemoio, o
supiwiycmecs ¢ dociioxceititl, ¢ REOMBEPONCEHNS MEMPORV2IMIOT RPOCMENCYSANOCII PE3VABIMAMIG GUMIPIO-
BAHHS 3MIHHOT HANPY2U APU KATIOPYEanHT APEYU3ILHUY 30c001i6 6UMIDIOGATLHOL MEXHIKU GIOHOCHO Jepicas-
HO20 emaaoity odunuyi yick Gizuunol seaununis 8 Oianazoni MeMREPAmypu 3acmocyeaniis.

Poboma 3 docaioxceniist 3a1encHocmi pe3yibmamie GUMIPIOGANIA ROXUOKY KOMIAPYSAILIA Harpyay Gid
MEMREPAMYPY GUKOHY6ANacst ¥ 08d payuou. L sadiciuea Memponoziyna XapaKmepucmuxa mepMoKoMna-
pamopy Fluke 7924 eapisanacs ¢ dianazoni memnepamyp g0 15 do 25 °C y menaosii kamepi. Hepuni
PAVHO cKRAA0ABCA 3 5 YUKAIE CROCMEPEXCEN, AKI GUKONYEAAUCT 015 KONCHOL MOUKY 3a KOXMCHOI uzhayenol
memnepamypy. Koxceir yuri crnocmepediceitiss Criaddecs 3 mpbox emanie noYep08o20 noOamits nanpyau
PizH020 pody yu noaAprocmi Ha exi0 mepmoxomnapamopy Fluke 7924.

Toxubka KoMRapyeantsa HAnpyau eUHAYANACH ONOCEPEOKOBANO Yepe3 3MIHeHN §IOXUNEHNA SUXIOH020
CUCHATY 3MIHHOT HANPpYeU 6UCOKOMOUN020 Kaaibpamopy Fluke 57204 60 1ioz0 e exeisarenmnozo cucHany
HocmiiHoi Hanpyau. Byao 00pano dee 'amb mMovoK CHOCIEPENCEHHA 30TeNHCHO 610 YACMOMU M PIgHA HANpY-
2U A WICHb TMOYOK 300eXHCHO 80 MeMnepamypy npu eumiprosanni. Jpyeuti payHo VIOUHIOE CYMHIGHT pe-
3VAbMamil, OMPUMAni 8 Nepuiomy.

Ha emani nranyeanns 0ocaiodcenns Oyao po3pobieno memood ma onucand npoyedypd eUMIDIOGUHHA.
3a pezvavmamamyt aHaaizy YUHHUKIE, KOMP 8NAUSAIOMb HA MOYHICHb GUMIPIOSAHHA, GV6 CKIAOeHul Oio-
Oacem itegusnauenocmi. Tlicas @UKOHAHNA eKxCRePUMENMATbIUX PODIm susHayeNd memMnepamypia 3aienc-
HICHD JOCTIONCYEAHOT MEMPOAOZTHHOT XAPAKMEPUCTHUKI.

Knwouogi  croga: noxudka KOMRAPYSAHHA, MEMREPAMYPHA  3AIEHCHICTRD,  MEPMOKOMIAPAMOP
Fluke 792A; memodura sumipioganius, nesusnaqenicme.

O. H. Beimuko, n.1.14., B. B. Hcaes
HCCIAEJOBAHHE TEMIOEPATYPHOM 3ABUCUMOCTH DTAJIOHA AC/DC INEPEXOJA

Paboma no uccaedosanuio 3a8ucumMocmu pesyabmamos UsMepenutl Noepeutnocmy KOMRAPUPOSAnus om
MEMREPANYPLL 8bINONAIACH 8 06d paynOd. QOna u3 eaxdcitblX MempoIOSULECKUX XAPAKMEPUCTIUK GbICOKO-
mounozo smanona AC/DC npeobpazosanua Fluke 7924 sapvuposanace & duanazone memnepamyp om 15
do 25 °C ¢ menaosoi kavepe. flepewiii payno cocmosa uz 5 yukios HOOIWOCHUA, KOMOPbIE GbINOIHAIUCE
O KaXcOOl MOYKY RPY Kaxcooti onpedenennoli memnepamype. Bolay apibpansl desames moyex HAbUOOe U
6 3aBUCUMOCIIU OM YACIOMDbL U VDOGHA HANPANCEHUA U WECHb MOYCK 8 3d6UCUMOCTIU O MEeMNepamypbvl
npyu usmepenuy. Bmopoii payno ymounsem comnumensiible pe3yibmamsl, noxyuennsie 8 nepsom. Pesyie-
mamamu pabomsl AGIAEMCS ONUCANIAS NPOYEdYPa UsMepenist, cOCmAsienibili 0100xcen 1Heonpedeienioc-
MU U ONPeOeIeHHAs MEMREPATYPHSL 3A6UCUMOCHb UCCIEOVeMOl MEMPOIOZUYECKOU XAPAKMEPUCTAUKU.

Knwueguie cinosa: nozpeutnocms KOMRAPUPOSAHUA; MEMAEPAMYPHAA 3ABUCUMOCTb, MEPMOKOMAAPA-
mop Fluke 7924; memooura usmMepenus; HEonpeoereHHOCMb.
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