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HIGH VOLTAGE DIVIDER AND RESISTOR CALIBRATIONS
M. Misakian
Abstract

An NBS calibration service for determining the ratio of high-
voltage dc dividers and the resistance of high-voltage resistors is
described. Calibrations are performed with a Wheatstone bridge
apparatus with a simple guard system. Sources of systematic error are
identified and methods for characterizing the NBS standard high-
voltage resistors are discussed. Ratio and resistance values can be
determined between the voltages of 10 kV and 150 kV with an
uncertainty of less than 0,01%.

Keywords: calibration service; dc; high voltage; NBS; resistor;
voltage divider.

1. INTRODUCTION

The laboratory applications of direct-current (dc) high voltages range from
fundamental studies, such as elementary particle physics and electrical
discharges in dielectrics, to more applied studies such as insulation tests with
systems containing large amounts of capacitance (e.g., high voltage cables and
capacitors). Technical uses of high dc voltages include the generation of
x-rays, electrostatic precipitation, paint spraying, and the transmission of
electrical energy.

High dc voltages frequently are measured with resistive voltage dividers.
The dividers typically have one or two low-voltage connections with
corresponding ratios. This report describes a calibration service at NBS for
high-voltage dividers and resistors that are of sufficient accuracy to be
regarded as transfer standards. Devices calibrated at NBS are normally used as
standards in industrial and government laboratories.

2. DESCRIPTION OF SERVICE

A calibration service is maintained at NBS for the determination of dc
voltage ratios of resistive dividers and their total resistance. The
calibration service is normally available for applied voltages from 10 kV to
150 kV. The calibrations are performed with an apparatus that permits
measurement of the ratio with an uncertainty of less than +0.01%. To assure
adequate sensitivity at the lowest applied voltage levels, calibrations are
normally performed on dividers with ratios of 100,000:1 or smaller; the low
voltage resistance is also restricted to 10,000 ohms or less.

Resistive dividers are acceptable for calibration only if they are
corona-free at the operating voltage and are designed to have small temperature
and voltage coefficients. Specifically, a device is not generally suitable for
calibration by NBS if these coefficients produce a change in the ratio of 0.1%
over the normal range of operating voltages. At a given voltage, dividers
should not exhibit instabilities in their ratio values in excess of 0.005%. NBS
staff can provide some assistance in the identification of intermediate
calibration laboratories capable of determining the ratios of less accurate
voltage dividers.



A typical calibration consists of monitoring the divider ratio with a fixed
voltage continuously applied for 15 minutes. Ratio determinations are made
every three minutes. The measurements are performed at two voltages selected by
the customer to determine the effects of voltage and heating on the divider
ratio. The tests begin at each voltage when the divider is at room
temperature. Ratio measurements can be made for different functions of time or
voltage by special arrangement.

Dividers can be hand-carried or shipped to NBS. If they are shipped, they
should be packaged in sturdy reusable containers. The design of many high
voltage dividers makes them vulnerable to shear-type forces. Therefore,
provisions should be made to minimize the likelihood of damage due to such
forces when the device is in the shipping container.

A calibration service is also maintained for resistors designed for dc
high-voltage applications. This service is for corona-free resistors designed
for dc operation between 10 kV and 150 kV. The measurement uncertainties and
cautions about shipping damage are the same for resistors as they are for
voltage dividers.

3. CALIBRATION APPARATUS AND MEASUREMENT APPROACH

Measurements of divider ratios are performed with a Wheatstone bridge
apparatus shown schematically in figure 1. Resistors Ry and Ry_ are
resistors in the divider that is being tested and resistors Ry afid Ry are
fixed and variable standard resistors, respectively, maintained at NBS. As
suggested by the point of high voltage application, Ry and Ry are high
voltage resistors and Ry_ and Ry are low voltage resistors. The detector g
is a sensitive ga]vanomefer with resistance G, indicated schematically in
figure 1 by Rg.

The ratio of the divider under test is determined by nulling the
galvanometer and using the well-known relationship between the resistances under
this condition [1] to calculate the ratio. That is, when the bridge is balanced

XN = X M (1)

where X, is the resistance of Ry , N is the resistance Ry, etc. (subscripts
denote values of respective resi&tors). Using elementary algebra, eq (1) can be
rewritten to yield the ratio of the divider under test,

Ratio = (X;+ Xp)/Xp= (M+N)/N (2)

The bridge, when balanced, introduces negligible burden on the divider
under test. The user is thus cautioned that introduction of a resistance across
the low side of the divider with, for example, a digital voltmeter will change
the ratio. Upon request, calibrations of the divider can be performed with a
burden provided by the user on the low side of the divider. By replacing Ry
with a known standard resistor, the bridge circuit in figure 1 can also be uéed
to determine the value of an unknown high voltage resistor, Rx1’ using eq (1).

Equations (1) and (2) imply that the uncertainties associated with
determining unknown ratio and resistance values are related to the uncertainties
in the values of the standard resistors. An additional consideration is the
sensitivity of the galvanometer. The resistors and galvanometer used in the NBS
calibration apparatus as well as a simple guard system to detect leakage
currents are described below.
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Figure 1. Schematic view of Wheatstone bridge circuit for calibration of high
voltage dividers.



3.1 Standard High Voltage Resistors

Resistor Ry in figure 1 typically consists of three 100 megohm Park
resistors [2] connected in series (Serial Nos. 156881, 156882, 156883). The
characteristics of the Park resistor are briefly described here; a more detailed
account is given in Reference 2. Each Park resistor is made of 100 one-megohm
wire-wound resistors connected in series and arranged to form a vertical helix
between a ground plate and high voltage electrode. By removing the ground
plates it is possible to stack several Park resistors in series as shown in
figure 2.

During application of high voltage to the Wheatstone bridge, changes in
resistance can occur in the high voltage resistors because of (i) heating of the
resistance wire, (ii) leakage of current over insulating surfaces used to
support the resistor and, (iii) corona discharges. Each 1 megohm resistor in
the Park resistor has a temperature coefficient of less than
+2 parts-per-million (ppm)/°C near room temperature, and resistors with
temperature coefficients of opposite sign have been paired to minimize changes
in resistance due to heating. The estimated temperature coefficient of the NBS
Park resistors is less than 0.4 ppm/°C and temperature changes anticipated
during calibrations up to 150 kV for three Park resistors in series should
produce a resistance change of less than 10 ppm [2].

Leakage current over insulating surfaces and current due to corona both
effectively introduce resistances that are in parallel with the high voltage
resistor. Precautions taken in the design of the Park resistor to minimize
these possible problems include the use of electrically biased metal shields to
enclose resistor pairs to eliminate corona and the use of a corona ring at the
top of each Park resistor (fig. 2). The effectiveness of these precautions is
checked by simultaneously measuring the current entering at the top of the Park
resistor and the current exiting at the bottom of the resistor under high
voltage conditions. At 100 kV, the currents differed by less than the estimated
measurement uncertainty of 20 ppm. At 50 kV, the maximum voltage normally
applied to the Park resistors, the difference is less than 10 ppm [2]. Using
Ohm's law, it is readily shown that the difference in current at 50 kV results
in an uncertainty of less than 10 ppm in the value of each Park resistor.

3.2 Standard Low Voltage Resistors

Resistor Ry in figure 1 consists of Rosa-type standard resistors [3]
connected in series with a calibrated resistance box which can be varied from 0
to 10000 ohms in steps of 0.01 ohm. The standard resistors have elements made
from a low temperature-coefficient alloy which are sealed in metal containers
filled with moisture-free oil. Each resistor is connected into the bridge
circuit with two copper arms that are supported on an NBS-type stand with
amalgamated surfaces [3] in order to minimize contact resistances. The contact
resistances at the amalgamated surfaces are of order 1 x 10~ ohms [3]. Strips
of copper 2-cm wide and 0.076-cm thick are used to connect the resistance box to
the standard Tow voltage resistors and to ground. The resistance of the copper
strips can be calculated and is of order 0.0006 ohm. The contact resistances at
the binding posts are estimated to be of order 0.001 ohm or less [2]. These
resistances are negligibly small compared to the resistance of Ry which is
typically 3000 ohms or more. Changes in the value of Ry due to heating are
also negligible because of the small power that is dissipated, typically less
than 2.5 x 10-3 watt. The resistance change is expected to be less than
1 ppm [4]. Figure 3 shows the arrangement of the standard low voltage
resistors, stand, and resistance box.



