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FIG. 2

( Start electric leakage detection in SGR Mode )

< Transformer(TR) braided wire current Ig >= 200 Ma ? >N°—

Y Yes
\dentify Feeder LineFL) | No Can 2-cables(single phase) and 4-cables
configuration (3phase) connected to transformer be distinguished?
4 Yes

Measure zero-phase leakage current (lo) which is a vector
sum of currents of 2-cables or 4 cables of FL number 'n
connected to TR

Y

FLn=FL(n+1)
L L ol FLnsig? >
4 Yes
| Detremine Fin as suspicious leaking FL Move to load side
[ g of FLn TO measure iom at each MH(Structure)

Structure m = m+

< Structure m > max 7 >ﬁy—>Measure IoC at customer

No
: Customer
= < Leakage current lomL = Ig? > | ¢ = (4 |

v “ﬂ< 0C=Ig? >

Determing section between structure m and Yes
structure m+1 as suspicious electric leakage section (SELS)

{

Move to TR, remove braided wire and apply asymmetric
signal (DC) between neutral wire(Xo) and ground(G)

Y
Measure earth voltage of DC to locate the leaking
point on the ground within SELS

Y
—N°< rising paint of earth voltage (DC) detetcted? >

Yes

—No@g point of earth potential is on the buried route of FL>

Yes ¢
@etermine the point as leaking point and terminate the detectioD
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FIG. 10
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FIG. 14

survey current signal survey current signal
L
) LV duct with LV duct with
phase conductor detoured neutral
o, (w/o phase)
e ©) ) O)uy —B
survey current signal survey current signal

(phase conductor be traced) (detoured route without phase conductor)

to flow of currents with opposite polarities
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FIG. 19

CStart logic to determine the burid location of the conductors form the multi-senso@

y

1. connect the survey current transmitter to conductors be traced to send the current signal continuously
2. n numbers of magnetic multi-sensors receive the magnetic signals emitted around from the conductors

include phase over the ground

3. Process n numbers of the signals to identify the polarity and amplitude form the each input form the multi sensor inputs

A 4
| Collects in number of magnetic field signals |«

<

A
A number of received magnetic field data < n ? /Yes

No The polarities of the magnetic Yes Indicate movement direction
field inputs are identical ? toward maximum signa] b

v No

Y
| Locate position of opposite polarity {p(n), n=1~4

Y
Q)liddle point maximum signal? No
Yes y

Ihdicate Forward A
movement direction W

Y
Opposite polarities sensors spacing =

at leftest or rightest

prosite polarity sensors spacing=prosite polarity sensors spacing=D

Y
The remaining two sensors
have the same polarity?

!

indicates the direction against the
same polarity WP

indicates the direction toward
sensors where less gap between
the opposites M)

Y
4
—Ves Value between the Yes
onalue between the opposies =07 > onposies =0 1
v ‘NO
Any two closest sensors has™\, No Any two closest sensors has™\ No
the same polarity? the same polarity?
v J6s v Yes
Indicates the direction againt Indicates the direction againt
A the same polarity P the same polarity W)
| Postpone determination | | Postpone determination |
v
Indicate Forward A | Indicate Forward A |
movement direction Il movement direction Il
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FIG. 26

e Ele%t{/ode Elec%roAde Elegt\r/ode EIec%roAde Elecgrg;ie Elegtlr\ode Eleﬂr/ode Elecgg\de ergjﬁnc;?[.yn Temperare| Huridy{Moire| Wind
2000-06-14 PM 8:3211| 49| 34| 17 36 13| 10| 8| 19 1678 26| 54 0] 2
2000-06-14 PM 8:3211| 29| 24| 47| 38| 14| 25 17| 19 1678 26| 54 0] 2
2000-06-14 PM 8:3211| 15| 28| 25| 37| 12| 34| 12| 21 1678 26| 54 0| 2
2000-06-14 PM 83211 41 13 20| 38| 16| 10 11| 18 1678 26| 54 0] 2
2000-06-14 PM 83211] 18] 16| 30 36 22| 5| 12| 19 1678 26| 54 0| 2
000-06-14 PM 8321 27 11| 15| 34| 21| 7 7| 17 1678 26| 54 0| 2
2000-06-14 PM 8:3211| 26| 22| 31| 37| 16| 14| 13| 17 1678 26| 54 0] 2
2000-06-14 PM 83211| 16| 22| 54 391 6| 18| 10| 18 1678 26| 54 0] 2
2000-06-14 PM 83211| 15| 27| 38 35 4| 10| 21| 20 1678 26| 54 0] 2
2000-06-14 PM 83211| 22| 18| 27 35 9| 15| 6| 18 1678 26| 54 0] 2
2000-06-14 PM 83211 2001 9 17| 34| 14| 26 5| 20 1678 26| 54 0] 2
2000-06-14 PM 8:3211| 14| 17 7| 40| 20| 11| 17| 18 1678 26| 54 0] 2
000-06-14 PM 83211| 6| 18| 39 38| 14| 14| 14| 17 1678 26| 54 0| 2
2000-06-14 PM 83211 5| 18| 72| 42| 5| 6 16| 18 1678 26| 54 0] 2
2000-06-14 PM 83211 9| 27| 46| 34| 6| 10( 10| 18 1678 26| 54 0] 2
2000-06-14 PM 83211| 18| 33| 15[ 37| 3| 12| 5| 16 1678 26| 54 0| 2
2000-06-14 PM 8211|161 32 9| 37| 11| T 7| 18 1678 26| 54 0| 2
2000-06-14 PM 8:3211| 201 44| 19| 36| 14| 14 20| 17 1679 26| 54 0| 2
2000-06-14 P 83242| 27| 36| 28| 42| 6 11| 18] 18 1679 26| 541 0| 2
2000-06-14 PM 8322( 17 26| 26| 39| 5| 21| 14 19 1679 26| 54 0] 2
2000-06-14 PM 8322( 18| 6| 29| 33| 8| 20 10 18 1679 26| 54 0| 2
2000-06-14 PM 83212 37 19| 19| 36| 4| 16 11| 19 1679 26| 54 0| 2
2000-06-14 P 83242 42| 17| 23| 37| 4| 9 7| 18 1679 26| 54 0] 2
2000-06-14 P 83242] 36| 18| 10| 35| 7| S| 9| 18 1679 26| 541 0| 2
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FIG. 27

Trajectory

i Longitude Latitude Validity Speed
1 127.19596 37.55364 0
2 127.19597 37.55364 1
3 127.19597 37.55365 1
4 127.19597 37.55364 0
5 127.19597 37.55365 5
6 127.19598 37.55366 8
7 127.19599 37.55369 13
8 127.19601 37.55373 16
9 127.19603 37.55377 20

10 127.19607 37.55381 23
11 127.19611 37.55386 21
12 127.19615 37.55390 22
13 127.19620 37.55394 22
14 127.19625 37.55398 21
15 127.19629 37.55402 18
16 127.19632 37.55406 20
17 127.19668 37.55404 21
18 127.19074 37.55410 21
19 127.19681 37.55411 26
20 127.19701 37.55410 26
21 127.19652 37.55407 15
22 127.19654 37.55422 18
23 127.19645 37.55425 17
24 127.19649 37.55426 16
25 127.19654 37.55434 14
26 127.19655 37.55431 16
27 127.19653 37.55430 17
28 127.19654 37.55436 18
29 127.19652 37.55441 18
30 127.19651 37.55447 19




28/62

FIG. 28
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mnication

erver
Mai Processor and Display ;mt J—0rs B i; by e
: 1] :D
Location information ”:\\
- Collcts gosition information ISpidy ocreen
form GPS, IMU, Odometor

3. Locate the peak point of the survey vottage signl (0C) as earth
leaking point
- Measure the EP of survey voltage signal to accurate locate the earth
leaking point t the place where the reading value of EP of AC mains
was maintained (unchanged) even when the impedance value lowered,
mark the circle to excavate

- Measure the EP of survey voliage signal synchronized to the time T
acquired by the magnetic sensor

Ideneﬁzm the earth leaking conductor by extracting the self information
of leaking source such as power supply source, Circuits and phase

Water spray
4 e

Ground
potentia

2. Detecton the rising point of earth potential (EP) of AC commercial electricty (AC mains)
- Locate the earth dpotetial rising point of commercial lelctricty (frequency) signl whie
tracing the buried route of phase conductor to be traced

- Position the maxmum value of mpednace and travel along the buried route

- Verify the earth potential rising is from a true earth leaking by lowering the mpedance
0 see whether a reading of earth potential is maintained without sudden dropping

sensorf

Ground
potentia
sensor?

9

potentig
sensord

of the value
I

S E—

1, Tracing the buried route of phase conductor

- Determing the snchronized time as time ‘T

- Extract the magnitude of the signal input from each sensor
- Extract the polarity of the signal input form each sensor

- Determing the location (direction) of buried duct using polarty and magnitude of the signal

- Record the trajectory with the measured values including the point

JEMF sensor  EMF sensor  EMF sensor  EMF sensor

11 14 Ll |
1 T 1 J1 ' ]
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FIG. 30

Earth Ptentl Dispay creen 7

/> Buried Route Dispey Screen

Signal Gollector

Pump fed water tank -

Ground potential sensor

Multiple magnetic field sensors
Water spray nozze
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FIG. 31

AG commercial power ground potentia

Farth surface

Phase wire

Insulation fault point



Earth Potential Distribution
map of AG commercial Voltage
on the ground

Ground surface
Another neutra
insulation fault
Insulation fauted 1 Retum direction
Phase conductor B Underground
Electrc leakage pont ¢
- Neutral wire
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‘\/V Electric leakage point

Voltage-to-ground measurement device
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FIG. 34
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FIG. 36

DG Survey Voltage
 Gate voltage
T

/Current

The Peak of
DG Survey Voltage(Vp) < 320V

Tg=Ti
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FIG. 37
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FIG. 38
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Phase(P) as Voltage Source
Neutral (N) as Voltage Sink
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FIG. 39

Logic value *

1[(

\

Magnitude of DC
vplta?e-to-ground
signa

Unipolar

Logic value 0’

\

\

Phase(P) as Volta?e Sink

P-N

Neutral (N) as Voltage Source

NG

[

Measuring window
open time

»

<

Measuring window
open time

Signal can not be detected if P-N
reversed (measuring window open
time mismatched)

NV
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FIG. 40

Survey current Signal

| Gate Voltage(IGBT)

T
g

Ti= Survey current flow time
Tg= Gate voltage applying time to turn on the IGBT
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FIG. 42

Feeder Line

Voltage-to-ground measurement device

Transformer

Magnetic field signal

Survey Voltage
Transmitter

1. Signal to synchronize the measuring time
2. Signal to trace the buried route of duct

Customer (Load)

&
Earth Leaking Point Phase conductor

DC voltage-to-ground signal

1. Locate the earth leaking point
2. ldentify the leaking source info
from the survey voltage signal

Survey Current
Transmitter
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FIG. 43

Survey Voltage transmitter

Accurate Earth Leak Point
Survey Apparatus

Survey Current Transmitter

Notify the survey voltage

_ Receive the start time of Survey

signal start time

Receive Acknowledge Signal <

~ Voltage signal

Transmit Self ID

Generate the Acknowledge Signal
_ Receive Self ID of Survey voltage

the determined time in phase A

-When 3-phase power is selected,
generate signal having phase angle
difference of 120°

-When single phase power is selected,
generate signal having phase angle
difference of 360°

Generate the Survey Voltage Signal at ——» Measure the survey Voltage

Receive the Survey voltage

" transmitter

start time

Signal according to the start time

Notify the survey voltage
signal start time

Transmit Self ID of Survey voltage signal
(Transformer, Circuit, Phase information)

Notify termination of signal
generation or the start time of Survey <

L» Receive the information about earth
leaking source LV cable

Receive the start of ground <—
potential measurement

» Receive Self ID of survey voltage
transmitter

— Notify the survey voltage
signal start time

voltage signal

Request termination (restart)

[y
-

End
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FIG. 44

Notify the start time of survey voltage signal

\  Wait § cycles

10101 A phase

Recognize
the response

Self ID of SVST Self ID of SVST
Notify the start (TR, phase information) (TR, phase information)
time of survey

voltage signal \ Survey Violtage signal

3

] (I

Survey Voltage signal Recogrize request
for termination

|‘ B phase

Notify the start time of survey voltage signal  Wait 5 cycles

i
d

I

9‘!‘4
I

e
Start time of Survey voltage signal || | |

|

L Survey Voltage Signal Transmitter (SVST) —————

SIS H AELPSA ‘ ‘ SVST ‘ AELPSA ‘ ‘ o=
Receive the
SatTime  peceiv the Sef ID of SVST gl
Watng for Acknowledge | start pits Star\;olt{?;e osfigSnlgvey |
start time Request to terminate

«—»

110101 | 0101000 01000 01010000

Survey Current Signal Transmitter(SCST)

Receive the Start
Waiting for ~ Recei time of Survey .Path detection .
start t?me drt s, volage signd - Recognize the request

'\ ____________________ Signal :
\( Detection Unit

.
_¢ Identify the earth Notify termination

Measure ground potential  leaking cable info )
______ > | Measure grownd potental

Ground Potential “‘ ........ LW ..... ‘

Ground potential measurement device

________________ Potentidl
Measuring Unit
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FIG. 45

Survey Voltage( Signal )
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Earth

Resistancet

Electric leakage point

Line Impedance
— AV

AC Mains
Source
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Earth
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Earth
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Power PEN
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47162

FIG. 47

Ground Potential measuring unit for AC mains

ground contact
resistance

ground contact
resistance

BPF internal resistor
‘ gl selector

ampifier ™~ H-
T o
A0 g ey ]

=11

B (ALl

M2

VWA
AC Survey Mode

e e

1 Ground Potential measuring unt for DC Survey Signal |—

ground contact terminal

2 bigh-pass fiter 15KHz
M2

OC Survey Mode

ADC

communication unit

Input signal
selector

: ,| recording unt |
MCU display unit
+| dlarm unit |

A
|_ﬁme synchronization unit |

Electric leakage ~position
determination unit Signel Detecton Unit

Identify earth leaking
source cable info
(TR, Phase)

magnetic field sensor
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FIG. 48

AC mains Source
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FIG. 49

| || . mamsﬁ;Source Survey Voltage —||.
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FIG. 50
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FIG. 51
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FIG.

99

(start electric leakage detection )

Preapare Accurate Earth Leak Point Survey Apparatus by setting 1. Input ZImpedance)INFINITE
2. Set the Alarm whenthe earth potential is greater than or equal to 50mv in AC Survey mod
3. Turn on the pump fed water spary nozzle toward the electrodes

4

Connect the Survey Voltage and Survey Current

at the last end load side of Feeder Line to send out the Survey signal continuously

Transmitter ot the phase and neutral terminal

A

4

<

Burial path surveyed before?

) Yes

L No

Move along the path detected by EMF sensorsl-» Move using the path map
| £
Set input Z ol Alam activated? g
1 Step lower 1 Yes
: N I s et te owestSp 7 D>

A

L Yes

Determine the place as suspicious electric leak

™| lowest point of ground potential among V4, V2

point and accurate pinpoint the
and V3 form the wet type wheel electrodes

4

No -

< Vi =V

=\3?

P

A

L Yes

Determine the point as potential earth leaking point where will be verified by the DC survey
Voltage Signal at the same location (Setting : DC Survey Mode, TH:7 GAIN:15)

A

4

N°< The point also has a peak of DC survey voltage signal ?>

A

L Yes

Mark the circle voer the earth leaking point, and

to identify the earth leak source LV cable information

switch the accurate earth leak point apparatus

A

4

No
(TR, Circuit and Phase)

Receive the information of the earth leaking soruce LV cable?

)

A

| Yes

( End electric leakage detection )
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FIG. 56

Burial path display screen
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FIG. 57
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FIG. 58
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FIG. 59
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FIG. 60
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FIG. 61
C star )

Y

1. Install the Survey Current Transmitter on load side of the feeder line to be traced
2. Generate the code of non repeating survey current signal such as 010" continuously every 1,900ms
by the Survey Current Transmitter

3. Signal detection unit in Accurate earth leak point Survey Apparatus acquire the EMF signal arranging
the sensor to perpendicular to the expected burial route of conductor

Band pass the input EMF signal ranged around 600Hz which is the close frequency
of the Survey Current Signal

Digitizing the EMF signal at sampling rate of 19.2kHz

».
B

Y

n=0, nmax=1.899, s=0, smax=19

Yes 4

n=n+{

nmax
No
T(n)=T+(n*1/F) seconds, where T= Start time of Survey Current Signal and F= power frequency (5060 Hz)
s > smax >
No

Calculate average value V(s) for period T(s)  T(s)= T(nh(s*1/1200)

555+ e
Record Vin(s), T(s)
*Note

Once the time 'T' of the true survey current signal dtermined, the time T(Start time of Survey Current Time)
should be reset to be synchronized
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FIG. 62
start signal authenticity determination)
Y

n=0, nmax=1899 s=0, smax=19, Threshold5(Max. 10), s=83ms(1/1200), n=16.7ms(1/60)

| o 55 »{Vn(s),(s) inform:tion acquisition 0 e
W00, T ORI
Voi(t), () V1899(1), T(1)
oii8), T8 V1699(16), T(19)
VO(19), T(19) \/1899(19), T(19)
. S > smax K n=nt1, s=0 n=nt, s=0
[
27, T T} s .
m 55+

Yes 1

71 .716) > Teshold (7 bo o
-~ S > smax

72716/ > Threshod (] L L Yes
Yes n=nt1

73716/ > Treshld (1] b
Yes 7S nmacss"

o +4.715) > Threshold (Th)? o Yes
Yes

75,716/ > Treshold (] 2
Yes

77+46.716/> Treshod T o
Yes

Set the signal them as T representing the Survey Current start time
Y

( End signal authentcty determination )




