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Abstract:
The clamp-on paradigm for measuring devices has been utilized extensively during the past decade.
Numerous portable powerline measuring devices prefer this approach for the sake of convenience, and this
has extended to even some of the higher resolution measuring requirements; clamp-on sensors have been
used to measure the primary characteristics in the power system including the current value. The prototypical
design has centered upon the Rogowski coil for the sensor. However, for high-resolution requirements, the
clamp-on sensor may not be the optimal approach vector, as clamp-on sensors utilize the current induction
principle, and there is a parasitic air gap between the conductor and the clamp-on sensor. This can be
considered, to some, to be an inherent deficiency of the clamp-on paradigm, as the air gap directly impacts
the resolution of the measured value. While the involved Rogowski coil can be designed to be more
insensitive to magnetic fields and parasitic air gaps, it is beset by other issues. For example, the coil should
be well screened to reduce capacitively induced signals, as the cables used for industrial equipment systems
may carry high voltages that change at high rates. In addition, the effective bandwidth of the coil needs to be
carefully calculated, as transmission line effects cause a strong reduction of the output signal at discrete
notch frequencies, the lowest of which defines the effective bandwidth of the coil. Moreover, apart from the
magnetic fields and parasitic air gap issues, the constant movement of the conductor in relation to the clamp-
on sensor also affects the resolution of the measuring value, as the results from each position shift of the
conductor within the clamp-on sensor results in differing values. This paper examines how the resolving of
certain problems, such as oscillation detection and classification requires higher certainty and resolution
telemetry data, thereby potentially precluding the uncertainty of clamp-on app...

(View more)

Date of Conference: 25-28 Oct. 2020

Date Added to IEEE Xplore: 16 December 2020

ISBN Information:

ISSN Information:

DOI: 10.1109/CMD48350.2020.9287287

Publisher: IEEE

Conference Location: Phuket, Thailand

I. Introduction
Clamp-on powerline sensors, which leverage the current induction principle, are oftentimes
utilized for transmission and distribution powerline monitoring. Contemporary designs are
centered around casings that are directly mounted on the line rather than a utility
power/pole, substation equipment, etc. The mounting mechanisms (e.g. retaining ties,
gated hanger mechanisms, single-adjustable jaw, etc) vary, but are typically easily
mounted, via insulated stand-off tools (e.g. "hot stick") within a relatively short amount of
time. The promising aspect of these clamp-on powerline sensors resides in the fact that
conventional Current Transformers (CT) have several known drawbacks: CTs typically
contain a ferromagnetic core that consumes power due to hysteresis losses (i.e. core loss,
via heat, due to the magnetization and demagnetization of the core, as current flows in the
forward and reverse directions), and CTs can saturate (normally, the CT is reliable for
generating a replica of the primary current waveform with a reduced magnitude that is in
proportion to the turns ratio). In general, the CT primary current rating should be equal to or
greater than the maximum expected current for the involved breakers and/or transformers.
If the standard burden (the external load applied to the secondary of the CT) is connected
to the secondary of the CT, and the root mean square (RMS) value of a symmetrical fault
current exceeds 20 times the CT rated current, saturation will likely occur [1]. When the CT
is saturated, it no longer supplies the secondary current proportional to the primary current.
The complexity around this accuracy issue (the highest CT ratio should be used for optimal
measurements) must also be considered along with the operational complexity of
potentially needing to de-energize certain circuits prior to the implementation of CT-centric
disturbance monitoring equipment (e.g. Digital Fault Recorders, Phasor Measurement
Units, etc). Hence, clamp-on sensors, predicated upon the Rogowski coil paradigm, have
promise. However, for high accuracy applications, clamp-on sensors may not be optimal for
the following reasons: there are factors that could lead to an inaccurate measurement,
such as the parasitic gap, angle, as well as deviation from the central position of the
primary conductor. Moreover, when the Rogowski coil is utilized as a clamp-on current
sensor, the following conditions are problematic: while larger terminating resistances may
mask the effect of sub-optimal orientation, larger terminating resistances not only change
the magnitude of the output, but also segue to substantial changes to the involved
waveform (in contradiction to the effect of a large value for the number of turns N). Also,
larger terminating resistances leads to a more substantive effect by the involved shielding
[2]. Accordingly, despite the seeming promise of clamp-on sensors, they may not fulfill the
needs of a higher-resolution telemetry data paradigm. Section I provides an introduction.
Section II provides some contextualizing background information with regard to the benefits
and challenges of clamp-on sensors. Section III provides a lexicon primer for the
ecosystem as well as delineates the characteristics of the centerpiece for clamp-on
sensors—the Rogowski coil. Section IV undertakes a characterization of the Rogowski coil
in the presence of harmonics. Section V concludes with some observations and proposed
future work of numerical simulation and modeling.
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