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When conducting work that has to be done with power of 
overhead contact lines turned off, personnel first confirm that 
the contact wire power is turned off by touching those wires 
approx. 5 m above the ground from the wayside with a voltage 
detector.  Then they attach a grounding device to the wires 
(voltage detection and grounding).  In large-scale station yards 
into which many tracks enter, however, it is difficult to turn 
off electricity to all feeders circuits together.  Therefore, work  
often has to be done with some wires live and others not.  
Moreover, personnel sometimes moves from the work site where 
they performed voltage detection and grounding to another site.  
When working at a site with many feeders in complex wiring, 
there is a possibility that workers enter an area with live lines by 
mistake and are electrically shocked.  In order to prevent such 
accidents, there was demand for developing a tool with which 
workers can easily check DC voltage of overhead contact lines 
at individual worksites.  For DC current, there had been no 
preexisting technologies to check voltage without contacting 
the object, even though technologies of non-contact checking of 
alternating current (AC) voltage already existed.

In this study, we have developed a non-contact direct voltage 
detector of a mechanism for DC voltage detection using liquid 
crystal, allowing detection of DC voltage from the wayside 
without contacting overhead contact lines.  This article reports 
the details and gives an overview of the development.

Introduction1 Current Status of DC Voltage 
Detection2

The current method of detecting voltage involves a contact-type 
detector being attached between a contact wire and a rail.  In 
this method, workers have to put on insulated protectors such 
as rubber gloves and rubber boots each time to attach a detector, 
resulting in issues in workability.  To improve safety and ease of 
work by solving such issues, there has been demand for a method 
to enable non-contact detection of DC voltage.  As a non-
contact sensor for DC 1,500V, we had developed a non-contact 
DC voltage detection relay using a commercially available 
tuning fork-type surface potential sensor.  However, its detection 
distance is around 100 mm from the object to which voltage 
is applied, which is far from 1.2 m set as the target detection 
distance of this study.  We thus decided to start from studying 
the principle of detection.
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Fig. 1  Current Status of and Targets for DC Voltage Detection
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3.3 Voltage Characteristics of Liquid Crystal
We produced a detector based on the detection principle shown 
in Fig. 3 and tested that detector on actual overhead contact lines 
while fixed to a interval measuring pole, a PVC pipe, and a paper 
tube.  The results clarified that detection was unstable because 
the material to which the detector was fixed disturbed the electric 
field distribution around the detector and thus the voltage 
between the electrodes became unstable.  Based on these results, 
we investigated a method to stabilize detection by focusing on 
the voltage characteristics of liquid crystal.

With the detector configuration examined, the potential 
difference generated between the electric field when live and 
the measurement electrode was approx. 0.6V.  The voltage-
luminance characteristics of the liquid crystal used for the 
detector have a feature as shown in Fig. 4.  Specifically, the 
luminance varies drastically with voltage of 1 - 2V, while it stays 
almost the same with the voltage of 0 - 1V.  The amount of 
change to the luminance by the 0.6V voltage generated between 
the measurement electrodes is around 1% under the condition 
that no bias voltage is applied.  In contrast, when 0.6V voltage 
is applied between the measurement electrodes with 1.2V bias 
voltage applied to the liquid crystal in advance, the luminance 
changes by 60%.  In this way, the detector can clearly show 
detection according to the presence of bias voltage applied even 
at the same voltage.

Examination of Methods of 
Non-contact DC Voltage Detection3

Since the AC electric field changes in line with change in voltage, 
AC voltage can be detected by detecting inductive current 
generated by capacitance in the air.  DC voltage, on the other 
hand, cannot be detected in this way because a DC electric field 
generated by the live part stays constant and thus no inductive 
current flows.  It is known, however, that an electrostatic field is 
formed around the live part.  We therefore examined a parallel 
plate type voltage detection method to detect voltage in the 
electrostatic field.

3.1 Detecting Voltage from DC Electric Field
When placing a metal plate in a DC electric field, a potential 
difference can be detected between the plate and the ground 
from the charge induced on the surface of the plate.  Since a 
single plate is greatly affected by the external environment due to 
large discharge, we conducted the same experiment using parallel 
plates instead of a single metal plate.  The results confirmed that 
potential difference could be detected more stably when using 
parallel plates because the plates functioned as a capacitor.  It was 
also revealed that larger potential difference could be detected 
with a larger gap between the parallel plates.

3.2 Non-contact DC Voltage Detection
As a method of detecting DC voltage using parallel plates based 
on the potential difference in the DC electric field, we focused on 
a characteristic of liquid crystal.  Liquid crystal has a characteristic 
where its component molecules are dielectrically polarized when 
an electric field is applied.  When polarizing plates are placed 
at a right angle to each other above and below the liquid crystal, 
the liquid crystal transmits or intercepts light depending on the 
presence of an electric field (see Fig. 2) due to that characteristic.  
In this study, we formed a sensor to detect DC voltage shown in 
Fig. 3 using a twisted nematic (TN) liquid crystal that intercepts 
light when an electric field is present and transmits light when 
an electric field is not present.  When power is off, the liquid 
crystal is transparent because no electric field exists.  In this case, 
the light output from the light emitting element is reflected by 
the mirror and input to the light receiving element.  When an 
electric field is applied, the liquid crystal becomes black and 
intercepts the light output from the light emitting element, and 
accordingly no light is input to the light receiving element.  We 
tested a detector of this configuration and obtained the result 
that the level of potential difference was high and there was little 
effect from external disturbance.
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Fig. 3  DC Voltage Detection Principle

Fig. 2  Liquid Crystal Stage Live with and without Electric Field
Fig. 4  Voltage-Luminance Characteristics of Liquid Crystal



25JR EAST Technical Review-No.22

Special edition paper

Test Production of a Non-contact 
DC Voltage Detector4

As previously mentioned, we confirmed that application of  
DC voltage could be judged based on the detection principle 
shown in Fig. 3.  We thus produced a prototype detector using 
this principle that would allow workers easily check application 
of DC voltage to the overhead contact lines.

4.1 Helmet-attached Type
Testing the prototype detector attached to a helmet, we obtained 
the following results.
·  Application of DC voltage could be detected, but adjustment  

of the sensitivity was necessary at every use and detection 
stability remained as an issue.

·  Charge on the surface of the helmet caused unnecessary 
detection.

Based on those, it is thought that effects of external disturbance 
need to be reduced and reproducibility of detection needs to be 
improved to allow stable use in actual working situations.

4.2 Stick Type
The results explained in section 4.1 revealed that external factors 
such as the charge state of the user greatly affect detection.  We 
thus modified the structure of the detector to be a stick type, 
placing the measurement electrodes away from the user to reduce 
external disturbance including that by the human body.  We also 
increased the voltage applied to the liquid crystal by making the 
sensor larger, resulting in more stable detection.

Currently used voltage detectors check potential at the object 
measured by using grounding potential as a standard.  For easy 
detection of DC voltage with the stick type prototype detector, 
we added calibration.  Calibration is the operation of giving  
a detector a reference potential to detect an electric field by 
applying bias voltage to the detection circuit.  To verify the 
effectiveness of the calibration, we tested the calibrated detector 
with and without a grounding wire and confirmed that the 
detector could detect the electric field regardless of grounding 
condition.  This result verifies the effectiveness of calibration.

Then, testing a PVC pipe and a paper tube as the material of 
the stick, we could detect applied voltage with both materials, 
but reproducibility of detection remained as an issue.  We thus 
tested a prototype each with a PVC pipe and a bamboo tube as 
the body material to check the effect of the material on detection.  
We also added to the prototype detector a sensitivity switch to 
check the possibility of removing the effect of external disturbance 
and the change of the detection range according to the level of 
bias voltage applied.  Table 1 shows the test results.  As shown, 
we confirmed that both of the prototypes with a PVC pipe and 
a bamboo tube could detect an electric field, although there was 
some variation of detection distance.  With the detector using 
a PVC pipe, the reference potential was not specified because 
the base electrode of the detecting part was insulated from the 
ground.  Thus, external charge is thought to have affected the 
detecting part, affecting detection distance.  In contrast, the 
detector with a bamboo tube could use the grounding potential 

as the standard because bamboo has a characteristic of being 
between a conductive material and insulating material, so the 
base electrode of the detector with a bamboo tube was grounded 
via the user’s body.  That also prevented charge on the stick 
and accordingly kept external disturbance on detection under 
control.  Those are assumed to be the reasons for stable detection 
distance with the prototype using a bamboo tube.

4.3 Test Production for Practical Use
In practical use, using a bamboo tube would be difficult in terms 
of strength and weather resistance.  We thus made a prototype 
stick type detector with a PVC pipe that was coated with the 
insulate material having surface resistance roughly equivalent to 
that of bamboo (1010 Ω/cm, Fig. 6).

Field Tests5
Using the prototype shown in Fig. 6, we carried out field tests 
for detection with and without power applied and for the effect 
of adjacent live lines on detection.  Tests were performed on the  
No. 3 and 4 north pool tracks in the Utsunomiya depot (Fig. 7 
and 8).  Table 2 and 3 show the test results.

The test results proved high reproducibility on each track 
and confirmed the change of detection distance according to 

Stick
material Sensitivity

Distance from contact wire (mm)

Average Closest Farthest

PVC pipe High 2,370 2,050 2,850

Bamboo tube High 2,221 1,950 2,850

PVC pipe Medium 2,150 1,850 2,350

Bamboo tube Medium 1,950 1,850 2,350

Table 1  Detection Distance at “High” Sensitivity

Sensor

Sensitivity switch
Bias voltage application switch

Fig. 6  Prototype for Practical Use

Fig. 5  Stick Type Detector
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sensitivity.  The voltages of the overhead contact lines of the 
No. 3 and 4 tracks where field tests were conducted were equal 
to each other as both tracks were on the same feeding system.  
The test results shown in Table 2, however, indicated that the 
detection height was larger directly under the overhead contact 
lines on No. 4 track than on No. 3 track.  This would be because 
a building adjacent to the No. 4 track acted as a grounded 
object and affected the electric field.  This suggested that DC 
electric fields to be detected vary somewhat due to the effects 
of grounded objects nearby.  In the test condition with adjacent 
overhead contact lines live on one side, the detector beeped at 
“high” sensitivity, being affected by the adjacent live lines, while 
the detector did not at “medium” sensitivity because the intensity 
of the electric field was less than the threshold value.

Monitoring Tests6
For DC electric fields, there is no sensor that can numerically 
identify electric field intensity as can be done with AC electric 
fields, so it is impossible to specify threshold values of detection 
level based on actual measurement values.  We therefore made 
five prototypes shown in Fig. 6 and monitored in different 
conditions.

Specifically, we checked detection with power on and off after 
the tracks were closed.  The results showed that the prototype 
detector at “medium” sensitivity did not detect voltage in some 
tests before turning the power off, while the prototype detector at 
“high” sensitivity detected voltage in every test.  After turning the 
power off, the prototypes at either “high” or “medium” made no 
unnecessary detection.  As the non-contact DC voltage detector 
is an auxiliary means for protective devices, detection with that 
needs to be reliable.  In the light of that, we believe that “high” 
sensitivity is optimal.

Conclusion7
In this study, we developed a principle of DC voltage detection 
and thereby a non-contact DC voltage detector with an aim of 
easily detecting DC voltage being applied without the need to 
contact the lines.  The results are as follows.
(1)  Combining liquid crystal, a mirror and a light emitting 

element and a light receiving element, we formed a DC 
voltage detection circuit, and we confirmed that DC voltage 
could be detected using the circuit without contact.

(2)  A stick type detector with the detecting part located away 
from the user’s body could reduce the effects of charge on the 
user body, and it showed stable detection.

(3)  We were able to confirm that electric fields could be detected 
with no grounding wire by setting reference potential within 
the detection circuit by calibration.
In the future, we plan to produce a detector model for 

practical use and, after testing, proceed with introduction of that.
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Test
No.

With/without 
anorak Sensitivity Track 

No. Sensor height from ground (m)

7 Without High 3 1.5 1.6 1.6
8 Without Medium 3 No response No response No response
9 Without Low 3 No response No response No response

10 With High 3 1.5 1.5 1.3
11 With Medium 3 No response No response No response
12 With Low 3 No response No response No response

Test
No.

With/without 
anorak Sensitivity Track 

No. Sensor height from ground (m)

1 Without High
3 1.5 1.5 1.5
4 1.5 1.5 1.5

2 Without Medium
3 2.3 2.3 2.3
4 2.5 2.5 2.5

3 Without Low
3 2.7 2.7 2.7
4 No response No response No response

4 With High
3 1.5 1.5 0.8
4 0.8 0.8 0.8

5 With Medium
3 2.1 2.1 2.1
4 2.5 2.5 2.5

6 With Low
3 2.7 2.7 2.7
4 No response No response No response

Table 2  Field Testing Environment (with Lines Live)

Table 3  Field Testing Environment 
(with Adjacent Lines on One Side Live)
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Fig. 8  Field Testing Environment 
(with Adjacent Lines on One Side Live)

Fig. 7  Field Testing Environment (with Lines Live)


