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Design and Fabrication of a Risk Voltage

Measurement System

by Un-Yong, Jang

Department of Electrical & Electronic Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

The ground system sets the reference potential in an electric circuit
or protects devices by suppressing ground potential rise, dissipating
fault current to earth. Currently, the performance of ground system is
mainly evaluated as the ground resistance in low frequency region
around 100 [Hz]. However the ground resistance does not consider the
ground potential rise, measurement of the ground resistivity, the
ground impedance, and the risk voltage like the touch— and the
step-voltage is necessary to evaluate the performance of ground

system.



This thesis, therefore, dealt with the design and fabrication of a risk
voltage measurement system (RVMS) which analyzes all the
parameters above. The RVMS consists of a power source, a data
acquisition module (DAQ), a signal processor, and a display. The
power source can supply 300 [Vms] and 1.4[A] maximum in ranges
from 40[Hz] to 1[kHz]. The DAQ module having resolution of 400
[kS/s] and 16 bit is equipped with 6 ports for voltage and a port for
current. Also, a noise elimination algorithm of digital band-pass filter
1s applied to minimize a measurement error caused by external current
flowing earth.

The performance of the RVMS is evaluated by measurement of the
ground resistivity, the ground impedance and the risk voltage
according to the IEEE standard 80 and 81 in a ground electrode with
a 10 [m] counterpoise. The result showed that the RVMS analyzes the
ground resistivity and the ground impedance, and the risk voltage with

error below 2[%] and 5[%], respectively.
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Table 4.2 The measurement results of ground impedance

T3 [Hz] st [V] A5 [mA] | F9d A [Q]
65 10.02 0.20 50.10
128 9.96 0.20 49.80
513 9.93 0.20 49.65
768 9.85 0.20 49.25
999 9.79 0.20 48.95
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Table 4.3 The measurement results of risk voltage
olAAY | A=A HEZA} Vs [V]
[m] Vr V] Vsi Vs2 Vs3 Vs Vss
10 26.06 1.55 1.67 2.80 1.85 0.87
20 24.90 1.33 1.62 2.28 1.80 0.61
30 23.21 1.19 1.45 2.03 1.61 0.54
50 16.35 0.78 0.79 1.34 1.07 0.39
100 15.30 0.73 0.74 1.21 0.95 0.35
1) AFEZHFY o|FdAHd BE %‘jé%ii
gEre] ZA%e 29 469149 o], ARHEATE oA}
10[m]¥ o 26.06 [V]IZ 7} =%om, 10 [m]~50 [m] -zt A= 26.06
[V]I~1635[V]Z "= 7FA8kar, 50 [m]~100 [m] 3t A= 16.35[V]~
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Fig. 46 ‘Touch voltages as a function of distance of
current auxiliary electrode
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