
Publisher’s version  /   Version de l'éditeur: 

2010 Conference on Precision Electromagnetic Measurements (CPEM 2010), pp. 
533-534, 2010

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 

pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 

first page of the publication for their contact information. 

NRC Publications Archive

Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 

La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 

acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 

DOI ci-dessous.

https://doi.org/10.1109/CPEM.2010.5545026

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

A two-channel current measuring system for measuring leakage 

current in high direct volage measurements
McComb, T. R.

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=a2fdd918-66bb-46c1-8669-6e699e5f59c1

https://publications-cnrc.canada.ca/fra/voir/objet/?id=a2fdd918-66bb-46c1-8669-6e699e5f59c1



533

M
o

n
d

a
y

Tu
e
sd

a
y

W
e
d

n
e
sd

a
y

T
h

u
rsd

a
y

F
rid

a
y

2010 Conference on Precision Electromagnetic Measurements
June 13-18, 2010, Daejeon Convention Center, Daejeon, Korea 

A TWO-CHANNEL CURRENT MEASURING SYSTEM FOR MEASURING LEAKAGE CURRENT IN 

HIGH DIRECT VOLAGE MEASUREMENTS 

 

T. R. McComb 

INMS, NRC 

1200 Montreal Rd. Ottawa ON K1A 0R6 Canada 

 

 

Abstract
 

This paper describes the design and implementation 

of a high resolution current measuring system for 

measuring leakage currents in high voltage dividers 

for dc. 

 

Introduction

Many NMI and Calibration Laboratories use Park-

type resistor dividers to measure high direct voltage 

[1]. Such dividers are designed to keep both surface 

and bulk leakage currents low so that their effect on 

the measurement of voltage is small compared with 

the estimated uncertainty of that measurement. It is 

desirable that this should be verified as part of the 

maintenance of the measuring system under the 

Quality System. 

 

The approach adopted here is similar to that used on 

the dividers at the UK end of the France-UK high 

direct voltage link [2], that is, comparative 

measurements of the current into the high voltage end 

of the high voltage arm with the current out of the 

high voltage arm. For clean, new, dividers 

constructed of uniform materials and having a 

shielded low voltage arm (the grounded shield 

collects the leakage current) this difference is equal 

to the leakage current. For an aged divider with some 

surface contamination, some of the leakage current 

may flow back into the high voltage resistor and this 

possibility must be considered: however, this amount 

will be second order. 

 

The uncertainty of high direct voltage measurements 

made at INMS is 20 V/V: a target resolution of 

0.0001% was set. An influencing factor was to reach 

this target using equipment with a proven history 

where feasible. 

 

Current Measuring System

 

The current measurement system consists of two 

measurement channels: each channel comprises a 

current–to-voltage converter, four parallel differential 

input ADC, a 10 V reference for offset 

measurements, and a fibre optic link to a remote 

computer where the measured data is stored for later 

analysis. Because both channels are isolated, it is 

possible to interchange the systems to eliminate the 

effects of any residual bias on the comparison. 

 

Current-to-Voltage Converters. Precision resistors 

were used as voltage-to-current converters. One is 

used to replace the usual low voltage arm and the 

other is mounted on a shielded platform at the high 

voltage input.  Standard resistance boxes provide the 

elements for Hamon resistors: by selecting the 

number of parallel resistors it is possible to obtain an 

output of about 10 V for the current corresponding to 

a selected high voltage. A range of high voltage 

inputs can be covered using various combinations of 

resistors available in the laboratory. 

 

Differential input ADC. While it would have been 

possible to mount a precision meter on the shielded 

platform, operated it with a custom built power  

supply, and read it with a fibre optic system, it would 

have been more cumbersome and costly than using 

ADC.  However, no ADC with sufficient accuracy or 

resolution were available. This lead to the choice of 

differential inputs used with a 10 V reference 

connected to one side (two battery operated 

references were available in the laboratory). The 

ADC selected had an input impedance of  1G , a 

resolution of 16 bits and a specified accuracy of 0.1% 

(sic). Four channels were specified with gains of 1, 

100, 300, and 1000. All channels can be used in 

parallel(digitization is simultaneous, reading over the 

link is sequential) or just selected channels may be 

connected. Gain 1 can be used for inputs from 0 V to 

10 V, gain 100 from 9.9 V to 10 V, gain 300 from 

9.97 V to 10 V, and gain 1000 from 9.99 V to 10 V: 

this gives a versatile system that can be adapted to 

the stability of the high voltage source. The system is 

battery operated with a working time of about 4 hours 

and a charging time of 16 hours. 

 

Reference Voltage. The reference sources are two 

Fluke 732A sources. 

 

 Fibre Optic Link and interface. The fibre optic 

link comprises separate cables, one to carry 

instructions to the ADC and one to carry the data 

back to the computer. The interface is USB2 

operating in the high speed mode. 
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Calibration

 

The resistances of each setting of the current–to-

voltage converters were calibrated against a reference 

standard using an HP3458A. The voltage references 

were calibrated against the laboratory reference 

standard. Each complete channel was calibrated using 

a Datron 4808 which was calibrated against the 

laboratory reference standard. All calibrations were 

performed before and after each period of work.  
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