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FUNCTION

1)

2)

3)
4)
5)

6)

Trace-locator 510 Master was carefully designed to help with:

Trace searching, verifying the underground and open cable lines (open transmis-
sion lines) and power cables; metal cords and pipelines (water-, oil- and gas pipe-
lines); supply pipelines that have metallic coat or metallic conductors with and
without Signal current source

continuous positional and directional checking, occurrence depth and current
flow in underground supply lines, tracing of cable interruption or cable core short
circuits;

directional checking "friend-or-foe";

trace searching, verifying the underground and open power cables (50Hz);
trace-searching in wideband mode from 200 to 35 000 Hz and received frequen-
cy analysis (spectrum);

phase (contactless) method of tracing in copper wire coating and fiber optic links
(FOL);

In active mode the 510 Master allows you to verify 3-frequency signal and could

be used as a unit with Signal current source MK 510.

In passive mode — without using a Signal current source — Trace-locator could be

used as a controller of received frequencies (10Hz - 30kHz) and for trace-searching
of power cables (50Hz), noisy wires, massive metallic supply lines, and supply lines
with metallic coating (pipelines, ropes, etc.).

Trace-indication could be done visually and with acoustic reception signal (using

headphones and built-in emitter).

CERTIFICATE
SVYAZPRIBOR Co Ltd

170034 Russia, Tver, Koroleva str.9

Directive RTTE 1999/5/WE on Radio Equipment
and Telecommunication Terminal Equipment.
Electromagnetic Compatibility EMC Directive 2004/108/WE
TAMOYKEHHbIN COI03

JEKJIAPALIUSI O COOTBETCTBUA

TC N RU JI-RU.A5146.B.66695
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INTRODUCTION
Thank you for purchasing the 510 Master set.

Read the user manual carefully before starting an operation. You shall act ac-
cording to the safety rules and recommendations of the user manual, it would help
avoid errors during an operation.

The repairing of instruments must be done only by accredited service centers.

The sign A, points to the safety rules of an operation and important measur-
ing rules, read attentively!

ENVIRONMENTAL SPECIFICATION

e  Operation temperature -20 ++50°C
e Relative air humidity to 90% at 30°C
e  Air pressure 86 + 106 kPa

BREACH OF USE MAY CAUSE ELECTRICAL APPLIANCE
DERATING
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SAFETY

A 510 Master SET MUST BE OPERATED UNDER CONTROL OF
SKILLED TECHNICIANS. ACTIONS OF UNSKILLED OPERATOR
CAN DAMAGE INSTRUMENTS AND BE DANGEROUS FOR OPERA-
TOR’S HEALTH.

DO NOT DISASSEMBLE INSTRUMENTS!

OPERATION IS NOT ALLOWED WHEN: INSTRUMENT IS DEFEC-
TIVE (FULLY OR PARTIALLY), ENCLOSURE OF INSTRUMENT IS
DAMAGED (FULLY OR PARTIALLY), MEASURING WIRES ARE
DAMAGED (FULLY OR PARTIALLY), AN INSTRUMENT HAS BEEN
KEPT IN AGGRESSIVE CONDITIONS

KEEP OUT OF WATER

OPERATION OF SIGNAL CURRENT SOURCE IS NOT ALLOWED IN
HIGHLY EXPLOSIVE/FIRE-HAZARDOUS PLACES

CHECK THE ABSENCE OF ANY VOLTAGES ON A CABLE BEFORE
CONNECTING OF A SIGNAL CURRENT SOURCE

SIGNAL CURRENT SOURCE MUST BE SWITCHED OFF DURING
CONNECTION

IN THE IDLE MODE THE SIGNAL CURRENT SOURCE
PRODUCES AC VOLTAGE UP TO 150 VOLTS

DURING CONNECTION OF A SIGNAL CURRENT SOURCE:

o CONNECT MEASURING WIRES TO A SIGNAL CURRENT
SOURCE

o CONNECT MEASURING WIRES TO A CHECKED CABLE

DO NOT SWITCH ON A SIGNAL CURRENT SOURCE IF YOU DID
NOT CONNECT ANY OF ITS MEASURING WIRES

AT CONNECTION TO THE CABLE OR SWITCHING-OFF
FROM THE CABLE THE SIGNAL CURRENT SOURCE
SHOULD BE SWITCHED OFF.

GON'T TOUCH ELECTRIC PARTS OF WIRES DURING THE
WORK OF THE SIGNAL CURRENT SOURCE.
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510 Master

SPECIFICATION
Active Frequency 26 250 Hz + 12Hz
6562,5+ 1 Hz
2187,5+ 1 Hz
273,5+0,5Hz
Added frequencies range 200-35000 Hz
Bandwidth Amplitude -3 dB (<)
for frequency 26250 Hz 150 Hz
for frequency 6562,5 Hz 45 Hz
for frequency 2187,5 Hz 15 Hz
for frequency 273,5 Hz 2,5Hz
Depth 6m
Depth Measurement Accuracy +5%+10 cm
Trace location accuracy 10 cm
Trace locating of insulation interruption with transitional resistance' 0— 10 kOhm
Spectrum Frequency Range 10+ 26 000 Hz
Battery life (continuous operation, when using the battery 2100 mAh)
2 X 17h
LCD" version
Battery Type 6-Ni-Mh AA type
Charging Time (<) 4h
Dimensions 257x88x685 mm
Weight (with the battery) 2,0 kg

Getting started

Carefully unpack the trace-locator and make sure it doesn’t have any visible me-
chanical damages of the case. If the device has been stored at hyper humidity or at
low temperatures, wait for 24 hours before starting off.

! Amplitude and phase (contactless) methods.

% The time is given for the ambient temperature above +5°C. LCD display is
automatically heated at a decrease temperature of less than + 5° C, the, operating time
is reduced in accordance with the temperature.
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The Trace-Locator is power supplied by 6-Ni-Mh
AA-type batteries with 2,3 A/hrs capacity.

Open the battery compartment locates in the side
face of the device and insert the batteries in the correct
direction by aligning the “+” and “—* marks on the batte-
ries with the polarity markings inside the battery com-
partment. During operation, it is not necessary to remove
the batteries from the compartment.

Connect the AC power adaptor to the trace-locator
and fully charge the batteries. The process of charging is
displaed on the display. You can’t put the device on by

the when being charged. Wait until the batteries are
fully charged.

Charger before the start of charge determines the serviceability of batteries, so a
very discharged and faulty battery will not be charged. The message "Not charging!"
will be displayed on the screen.

Before tracing, check the charge level of the batteries. Turn the device on and
select any of the operating modes, the battery charge level is displayed in the lower
right corner of the display.

MAP DEPTH®* F

- [T 36dB@H— Battery charge level

If necessary, charge the batteries using the AC adapter that came with the kit. If
the batteries are discharged further, the device will turn off.
BEFORE LONG-TIME STORAGE OR TRANSPORTING
CHARGE THE BATTERIES IN ORDER TO AVOID THEIR
DAMAGE AND TAKE THEM OUT OF THE COMPARTMENT.

Principle Of Operation

510 Master Trace Locator is a signal receiver for searching of underground lines,
their depth and signal current, and also the locating of cable interruption.

In active search mode (“CABLE MAP”, “CABLE MAP +, « COMPASS» and
“CLASSIC” modes) Signal current source is the source of the sound frequency signal
that being connected to core of the searched cable. Alternating current produces a
magnetic field that induces a signal in the receiver inductive sensor. Sensors are located
in the upper and lower parts of the receiver. Signals induced in the sensor then come
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into the receiving device where analog and digital processing is being done. Then the
results are displayed on the LCD and sound emitter.
In passive mode ("SPECTUM” mode) the receiver is being registered as an al-
ternating magnetic field in frequency sound range with the source in the power cable
with power current and noisy wire nets.

Controls

In the upper panel there are: %

LCD dlsplay, LF EkHz _ 26kHz

CABLE MAP 2187 Ty
u CABLE MAP + 2187 Ty

n Keys of sensitivity; cLassic

Setting

HPDEO

510 MacTep

m Ok Key and automatically set of sensitivity;

. [B Function Key.

In the lower panel there are:

Menu Key; ot
ONJ/OFF Key; N
° USB B connector; @

e
. Headphones connector; =
. AC/DC Adaptor connector.

LCD Screen

Trace Locator 510 Master is equipped with a LCD display.

When working in conditions of negative air temperatures, the heating of the dis-
play is switched on automatically and the decrease in the receiver operating time
should be taken into account. The lower the temperature, the faster the battery dis-
charge. At a temperature of -20°C the time of continuous operation of the receiver is
reduced to 3 hours.

After the receiver is turned on, stored at negative temperatures, it takes a few
minutes to warm up the display.
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Menu

Turn the device on using button. The display
will first show the device serial number and its ver-
sion, followed by the menu.

At the top, the operating frequencies selected by
the user in the "Frequency list" are displayed. Press

button to switch. The list of menu items changes
for each operation frequency.

LF 6kHz__26kHz
CABLE MAP 2187 Hz
CLASSIC
Settings

LF -273 Hz

2K—-HF —2,187.5 Hz

6K —-6,562.5 Hz

26K — 26,250 Hz

«PASS» - passive operation
modes (Signal current
source - free)

The selected item is displayed inversely. The item selection is changed by

[2] or @ Press to change to the required mode.

pressin
Press = to go to the Menu from the operation mode

The last item "Settings" is always displayed and
contains the same set of items. Exit from the "Set-

tings" menu by pressing the button or selecting
HBaCk"

Settings

Contrast

Light off.
Volume

File record off.

“Frequencies list”

For simple work with the device you will
choose necessary working frequencies in "Fre-
quencies list". Enter to the menu item "Frequencies
list", the frequency list contains standard
frequencies (modes), which can be activated or

deactivated (press button - ): 273,4 Hz - LF,
2 187,5 Hz - HF, 6 562,5 Hz, 26 250 Hz.:

2734Ty LF on.
2187.5I'y HF on.
6562.5 Hz off.
26250 Hz on.
f 1069 Hz on.
12 8440 Hz on.
Add frequency

Also the user can add up to 9 new frequencies. You will select item “Add fre-
quency”. Establish frequency from the range of 200 Hz — 35 kHz. Establish necessary
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value of the category, move to the following category, press @ or @ and [B For

save of new frequency of a signal and return press the button .

Custom frequencies marked "f-editing." (“f1” — “f9”).

The frequencies switched on in “Frequencies list” are displayed in the top part of
the main menu. Frequencies places in the menu with increase in working frequency.

“Contrast”

Select the menu item «Contrast» for brightness level changing, set new value by

pressing buttons @ or@. Press for escape.

“Volume”
To change the volume of sound from the built-in load speaker or the headphones

enter menu item ""Volume'" and use @ orm buttons to set the required value. Press

to exit.

The headphones additionally have a volume adjuster.

“File Rec On/Off”
To turn on the mode for recording the positioning coordinates, depth and signal

current into a file move the cursor to menu item “File Record Off”. Press button,
the item image will change into “File Record On” and file record will be enabled.
The data will be added into the file in “CABLE MAP” mode, after depth measure-
ments. If the device does not have a GPS receiver or such is turned off, only the depth
and the signal current values will be saved to the file.

“New File”

The measurement data are saved into the file. Data adding into this file is re-
sumed when the device is turned off and subsequently turned on. Create a new file to
convenience of dividing the measurements. The data will now be recorded into that
new file.

“Memory Clear”

When needed to clear the memory of all the saved measurements select item
"Memory Clear”. Then accept deletion. All the files will be deleted from the receiv-
er’s embedded memory.
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“Link to PC”

To copy files to the personal computer (PC), connect the receiver to a USB port.
Select "Link to PC" item. The line locator will be automatically determined on the
PC as an external storage, the drivers will be installed automatically at first connec-
tion. Copy the files. Only the file copy operation is accessible for the PC. To delete
the unwanted files select menu item “Memory Clear”.

Sensitivity and Auto-sensitivity

Signal level is displayed on the display In the course of work. For convenience,
the level is presented in three forms: peak, current and average (in ""CLAS-
SIC *** Hz" mode).

1. Bar indicates the current level of the signal, it looks like a pointer indicator.

2. The line above the level bar keeps previous peak signal level. Use the difference
between current and peak signal level for checking of changing of signal level.

3. Digital value is averaged signal level. This value is not changed during pauses
of the signal and helps to get signal level more exactly. The averaged signal lev-
el is displayed as a number.

In "CLASSIC *** Hz" mode:

Mode — Ma)umus - ~ MIN»F - Functional key “F”
Peak signal level —p h=0,1m
75 |— Averaged level
Signal . =0
:r;jteilmtaneous— L8+t 36 dB @ f— Battery charge level
T Sensitivity, dB
B In "CABLE MAP *** Hz" mode:
Mode —» MAP DEPTH» F{— Functional key “F”
Peak signal level : i
Signal I :
: I B
instantaneous A 36 dB B 4—Battery charge level
level and position

i T Sensitivity, dB

When tracing, press @ @ to set the signal level up to 70-80 points. To set the

required level automatically, press .
When the word "Overload!" appears, it is necessary to reduce the signal level.

Index Overload —}———» QVERLOADI
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MK-510

SPECIFICATIONS

Working frequencies range of the Signal cur- 273,4+0,5 Hz

rent source (preset) 2187,5+1Hz
6562,5+2 Hz
26250 +3 Hz

Added frequencies range 250 -35000 Hz

Range of the 'automatlc coordination with resis- 1 - 500 Ohm

tance of loading

Power output (not less), watt

at the resistance of loading 50-500 Ohm:

In frequencies range 250 - 10 000 Hz 10+ 1Hz

In frequencies range 10 - 20 kHz 5+0,5Hz

In frequencies range 20 - 30 kHz 3+0,5Hz

Time of continuous work from the built in

accumulator’ 3h

Time of charging of the built in storage battery 6h

(no more)
Power supply:

Alternating current (AC) AC:220 B+20%,50 Hz,

From the built in accumulator 12V,4,5A/h
Overall dimensions (without the bag), mm 233x102x176
Weight of the device (including the storage 32ke

battery, without the bag)

Principle Of Operation

MK 510 creates an alternating current test lanes. An alternating magnetic field
around this fixed receiver.

Frequencies of operation set by the quartz resonator.

Current operating frequency and power level chosen by the user. The automatic
matching device provides almost constant level of power over a wide range of load
impedances.

Controls

Structurally the Signal current source is executed in the form of the portable
block (see picture.1), placed in a bag for carrying. The Signal current source is sup-

3 . .
Economic mode is selected
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plied by the built in storage battery, capacity 4,5 A/h. The storage battery is placed
inside of the case and is accessible after disassembly of the case.

On the front panel of the device are located (from left to right, from top to
down):
1. Terminal sockets of the Signal current source;
2. LCD display

" The switch of output power
3. IL /up —down in the device menu;

4 I F The switch of modes: signal or signal with pause.
' / perform operations in the menu;
5. l <+ I > The switch of frequencies / left, right in the menu;
6. Esc Escape from menu or cancel operation;
7. Ok Enter the menu / confirmation of the operation;
| S'z The “ON/OFF” switch of the Signal current source
9. Power supple connector for charging battery and Signal current source pow-
er supply;
10. USB connector for upgrade software.
Getting started

At receive of the Signal current source unpack and examine it and make sure that
there are no mechanical damages of the case and the elements located on the front
panel. If the Signal current source was kept at the increased humidity level or in con-
ditions of low temperatures, dry it during 24 hours in normal conditions.

®
SVPRIBOR
14 @ CBA3bIIPUBOP

510 Master



Power supplies of the Signal current source are carried out from the built in un-
attended accumulator with voltage of 12 v. and its capacity of 4,5 amp/h. Therefore,
each time before start to work, the accumulator should be charged by means of the
attached adapter.

Connect the adapter to the Signal current source and completely charge the ac-
cumulator. At the switched off Signal current source and the attached adapter the
LCD displays process of the accumulator charge. The charge of the accumulator is
carried out also during work of the Signal current source with turned on attached
adapter.

Turn on device. Protection against accidental activation: after switch on for 6
seconds, confirm the switch by pressing the "Ok".

Check state of charge of the batteries can image the batteries in the upper left
corner of the screen. When the battery discharges, the device begins to give a
distinctive audible signal and image batteries - flashing. Later, when the voltage
drops below the allowable power switches off.

In the absence of external load device emit distinctive beep, and the display on
the screen the load resistance should be R > 3 kOm.

(Il Out U=72V
I=0mA R>3 kOhm
Pause <« 2187.5Hz »

The battery indicator;

Load resistance *;

Voltage output ';

Signal output level - press "A\" i "W" to change output level;

Current output ';

Indication of the current mode (continuous signal or with a characteristic
pause) - the button "F" toggles between the modes;

7. Output frequency - button "A\" u """ allow you to change the frequency,
according to the used frequency list.

AR S

* The MK 510 is not a measuring.

®
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Menu

Since the Signal current source MK 510 with the receiver, the operating fre-
quencies they must match. To select the desired frequency (or modes), enter in the
menu by pressing ""Ok". The menu contains several items:

Frequency List

language ¢ English »
Contrast ¢ 15 »
Power economy { Yes )

Switching between item press buttons "A\" i """, return - "Esc".

The first selection (button - "Ok") will be available to change the current list of
frequencies. Operation is described below with it.

Selection "Language' allows buttons "€" and "=»" change the interface
language.

Selection "Contrast” using the "€" and "=>" if necessary (low temperatures)
can change the contrast of the image.

When "Eco" is set to "Yes", then on battery maximum power output does not
exceed 7 watts. If necessary, you can disable this restriction, but the battery life is
significantly reduced. In the case of an external power supply restriction does not
apply for any choice.

“Frequency list”

Frequency list contains the standard frequencies (modes), which can be activated
or deactivated (button - "OK"). Symbol "v'"" a sign of activation:

273.4 LF/HF

273.4 LF+HF

2187.5 v

6562.5

6562.5 Phase

6562.5 Inductor

26250.0

26250.0 Inductor

Add frequency

The ""273.4 LF/HF" is designed for search of cable damage with contact me-
thod. frequency cyclicity: -273.4 Hz - 2187.5 Hz - 273.4 Hz.

The ""273.4 LF+HF" is designed also for search of cable damage with contact
method, but frequency cyclicity: -273.4 Hz — 26250 Hz - 273.4 Hz.

The "6562.5 Phase' signal is simultaneously two frequencies 2187.5 and
6562.5 Hz. This mode allows you to find damage to the cable to change the phase
characteristics.
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In other modes frequency signal corresponds to the declared frequency.

Selection ""Add frequency' allows the user to add up to 20 Custom frequencies:

New Frequency

00000.0 Hz
A

Press "€" and "=>" to select digit of the number of the frequency, and pressing
"A\" and "W" this digit changes.
Custom frequencies marked " F-editing."

26250.0 Inductor
15000.0 F-Edit
Add frequency

To change (or remove) custom frequency Press the "F"':

Frequency Editor

15000.0 Hz  F-Delete

Press "€" and "=>" to select digit of the number of the frequency, and pressing
"A\" and "W" this digit changes. To delete a custom frequency press the "F"

TO AVOID DAMAGE OF THE SIGNAL CURRENT SOURCE AT
CONNECTION TO A CABLE THE CABLE UNDER TEST
SHOULD HAVE BEEN DISCONNECTED FROM POWER SUP-
PLIES AND, BEFORE CONNECTION IT TO THE SIGNAL CUR-
RENT SOURCE, CORE OF THE CABLE SHOULD BE CLOSED
«GROUND» FOR REMOVAL OF THE CAPACITOR CHARGE.

®
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TRACING WITH SIGNAL CURRENT SOURCE

Check the charge level of the batteries.
Advantage of working with the Signal current source:

1. The Signal current source is fed to a specific cable;

2. The signal will be stable and sufficient in level for tracking

The operating frequency of the receiver must coincide with the Signal
current source!

It is quite difficult to select the right frequency value in each particular
case to succeed in the line location. When tracking a specific object, fre-
quency selection is performed by a specialist.

. —
Signal current source Connection

The direct connect of Signal current source

BEFORE CONNECTING THE GENERATOR, THE TEST CABLE
MUST BE DISCONNECTED FROM THE POWER SUPPLY AND
CLOSED TO GROUND TO REMOVE THE CAPACITIVE
CHARGE.

Output of the Signal current source is connected by one terminal to the cable
core, the other to the grounding pin (included in the set). Grounding pin refers to 10 -
20 m away from the road. Ground the cable at the far end. For grounding, use a pro-
tective earth or grounding pin. On the working cable, the Signal current source is
connected to a metal sheath or cable shield.

> The detailed description is given below.

®
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Tracing
direction

Ground
the cable core
at the far end

Grounding
is usually done
10 - 20 m away
from the trace

. . 1 | . . . . .
Turn on device pressing the & Protection against accidental activation: after

switch on for 6 seconds, confirm the switch by pressing the @. Press "€" and
"=»" select necessary frequency (pre-activating them in the list of frequencies). And
pressing "A\" and """ set the required output level. Do not set the maximum power
to ensure continued operation from the built-in battery.

If there is no contact with a cable or a resistance of more than 3000 Ohm, the
display shows - «R>3 KOm» and a beep sounds.

At a load of more than 500 ohms, the Signal current source continues to operate
at maximum output voltage.

Under conditions of significant industrial radio noises during the work it is rec-
ommended to use the Signal current source in a mode of a characteristic signal (with
“PAUSE”) — press “F”.

If the long period of working activities of the built-in accumulator should not set
maximum power.

Upon termination of works it is necessary to switch off power supply of the Sig-
nal current source first, then to disconnect the Current signal source from a cable
under test.

The operating procedure at contactless connection to a line

In conditions when direct access to
veins of a cable is complicated, in Signal
current source MK 510 there is an opportu-
nity of contactless connection by means of
built in inductor. Thus power of the signal
transmitted in a line, will be much less, than
in case of galvanic connection.

®
SVPRIBOR
@ CBA13bIIPUBOP 19

510 Master



if it is impossible to connect the Signal current source to the contact connection
- transmit a signal with a built-in inductor. The signal power will be much less.

Turn on device pressing the & Protection against acc1dental activation: after

switch on for 6 seconds, confirm the switch by pressing the C Press "€" and
"=»" select mode ""6562.5 Hz-inductor"” or "26250.0 Hz-inductor' (pre-activating
them in the list of frequencies). The device should be placed perpendicular to the test
cable

The distance between the test cable and a lower
portion of the Signal current source should be
minimal. This is particularly important if there are
other lines, as the signal will be induced in all the
closely spaced metallic objects.

Signal current source MK 510 may also be con-
nected to the cable contactlessly by means of inductive
clamp® (KH-90).

The clamp is cut on two half which incorporate
special fastening and clasp a cable in which the signal of
the Signal current source is transferred. With this con-
nect, we obtain a higher level signal on line and greatly
reduced impact on neighboring lines.

Press "€" and "=>" select mode "6562.5 Hz" or ""26250.0 Hz" (pre-activating
them in the list of frequencies). And pressing "A\" and "W" set the required output
level. So it is possible to transmit the signal to the power cable with voltage up to
10 kV without switching-off.

S Induction clamp supplied optional.

®
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Working with the Receiver

LF bkHz__26KkHz
. . I .
Turn the device on using button. The device CABLE MAP 2187 Hz

) [B CABLE MAP 2187 Hz
operation modes are shown on the top. Press CLASSIC

button to switch. Settings

"CABLE MAP *** H7"’

"CABLE MAP *** Hz" mode is intended for easy and fast user navigation. It
combines all the innovative line search methods:

location of cable position in relation to the measuring device
precise line localization

friend-or-foe cable location

location of the occurrence depth

location of the positioning coordinates

record of measurement results into the file

In the menu, press @ to choose the desired frequency, use [3 @ to select

CABLE MAP *** Hz item and press . After the mode selection the device will
continue with automatic settings, whereupon a cable map without direction is dis-
played:

Mode —» MAP DIRECTION » F =— Functional key “F”

Peak signal level »

Signal
g T |
instantaneous  — Y L A8 B == ¥—Battery charge level
level and position

T I Sensitivity, dB

Holding the device, come to a stand in the direction of travel from the Signal

current source to the cable far end. Press @ to lock the direction.

7 For frequencies added by the user, the mode is called "MAP *** Hz" In this mode,
there is no "direction"” and "depth" function.

®
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MAP DEPTHMF

MAP DEPTH»F MAP DEPTHPF
IR : HEE
................. s i e B

O« T

The arrow position on the display indicates the measuring device location with
relation to the cable. The arrow length is proportional to signal value.

Cable to the left of the measuring  Cable to the right of the measuring de-
device vice

®
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The arrow direction may help tell a
‘friendly’ cable from a ‘foe’ one, since
the current direction in the ‘friendly’
cable is opposite to the return current

flowing in the ‘foe’ lines.

‘foe’ cable to the left of the measuring
device

MAP DEPTH»F

In case of signal loss position the receiver above

the desired line and press @ to lock the direc-
tion

THE ADJACENT LINES MAY SUBSTANTIALLY DISTORT
THE POSITIONING COORDINATES FOR THE ‘FRIENDLY’

LINE

CONTROL OF DIRECTIONS, DIMENSION MEASUREMENT IS
IMPOSSIBLE: TIPU INSUFFICIENT SIGNAL LEVEL, WHEN
THE RECEIVER IS AN INCORRECT IDENTIFICATION OF THE
CABLE, AND HIGH LEVEL OF INTERFERENCE

No search with direction control is possible in case of low signal

level, for instance wrong positioning of the receiver above the line

and high noise level

The situation, when the level of amplification is set at 60-70 dB, means that
the generator connection is incorrect, there is not enough current generated for the
trace in the desired communication. Try changing the Signal current source con-
nection and achieving the level of the signal level. In difficult cases, when tracing
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the arrow-indicator does not work, jumps, depth is displayed incorrectly - You
must use "CLASSIC" mode. In this mode, consider this place in more detail to
determine the route of “your” cable and other communications.

Recording Signal level and Depth:

MAP ] DEPTHR F

Press [B when positioned precisely
above the cable.®

The screen can show: the depth of the

cable, the value of the signal current, the MAP DEPTH» F
location coordinates and the recording number I— h=08m
in accordance with the included "File record- s I =159
ing'" and "GPS" in the "Settings" menu L T o
Subject to settings File Recording in the Lttt 36 4B
Setup menu, the screen may display: cable
occurrence depth, signal current value and MAP I perTHY F
record number. o Thedgm
"4 N53.56,0651
Use @ to record the measured data in- | I : E:: ;15::41:??67
to the file and return to “CABLE MAP” Lttt Bdimitit 36 B

mode.

To get the correct indication of the depth and values of the signal current, the
device must be positioned exactly above the cable axis, the receiver should be posi-
tioned vertically and at right angles to the line. Set the signal level so as to provide at
least 60-80 units on the display of the receiver.

Measurements are made from the bottom of the instrument to the center of the
Dpipe or cable.

The measurements are made from the device lower part to the pipe or cable cen-
ter.

¥ The arrow appears in the display. If the receiver moves from the cable axis.

®
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a) accurate b) Wrong
measurements measurements

- ~
7
2 _ — ~ -
1‘ — T = Ground level
h / // // //i~\\ \ \ ' Trace
/ |
v | | \/ .\/ //é\ | \
o .

Do not measure the depth of cable near the pivots, taps or tees. Retreat at least 5
m from the turn or retraction for maximum accuracy.

The measurement of the depth of communication will be inaccurate if there is
strong interference.

If contactless connection with the line, then the generator must be located at least
40 m from the point of measuring the depth of the cable.

«CABLE MAP + ***Hz9 »

The mode fully reiterates the CABLE MAP mode but enables to operate while
holding a receiver along the cable.

Tracing
direction

Ground the cable
core at the far end

Ground at
a distance

of 15-20 m aside
from the cable

° For user frequencies, the mode "CABLE MAP + *** Hz" is not available
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. MAP =
In the menu, press @ to choose the desired frequency, use |:+-:|

[ZJ E] to select “CABLE MAP +” item and press . After the
mode selection the device will continue with automatic settings,
whereupon a cable map without direction is displayed.

Holding the receiver, come to a stand in the direction of travel

from the generator to the cable far end. Press @ to lock the direc-

tion. P

Mode —»Compass == [« Battery charge level

For easy and fast navigation

the mode has the “COMPASS” Bl
function. When searching the Level ‘ direlction cable

cable in “CABLE MAP +” mode ==

directions

- < Level

$ signal

R perpendicular
. directions

Sensitivity —

Position the receiver above the line as in the "CABLE MAP + *** Hz' mode,

press @ to shift to the ‘com-
pass’ function.

i.e. along the cable line in the direction from generator to the far cable end. Press
and lock the direction. The ‘compass’ arrow will be pointing to the signal current
direction, irrespective of the receiver orientation above the line. Move along the ca-
ble, being guided by the maximum straight direction signal value and the straight
direction of the ‘compass’.

Branch Search

Compass >

. a) Search for a branch
The branch search is

most convenient when the

YCOMPASS” function s O
enabled Position the receiver

above the line, as shown in - @
the figure. The straight direc- NS
tion signal will be at its peak,

6) Found branch

Compass =)

and the perpendicular direc- b s
tion signal at its low. A ~ i
branch occurrence would \E lm
cause an essential boost in ! :
the perpendicular direction ' /
signal level \/I‘/ Trace
g 4 \/_
®
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"CLASSIC ***Hz" 1’

In the menu, press @ to choose the desired frequency, use @ @ to select

“CLASSIC *** Hz” item and press .
After the mode selection the device will continue with automatic settings:

Mode —¢ Ma)umus ~ MIN»F {— Functional key “F”
Peak signal level — h=0,1m
75 |— Averaged level
Signal lSEE
:Z\S,Zﬂtaﬂeous_ L 36 dB [ o Battery charge level
i Sensitivity, dB
SEARCH MODES

The receiver enables line searching in three modes: Maximum, Maximum-, and

Minimum. Use button to shift.
Dependence of the signal level on the position of the receiver:

“Maximum” “Maximum -” “Minimum”

Signal level Signal level Signal level
' Place over trace Place over trace Place over trace

:' Trace @ Trace

"Maximum -" mode: the cable position determined by the maximum signal
level. The mode has a distinct maximum above the cable center and zero level at the
distance from the cable center approximately equal to the occurrence depth. This
helps to accurately locate the cable position. The measurements are accompanied by
permanent monitoring of the depth and the current intensity. The mode applies ma-
thematical processing of signals from two horizontal antennas.

"Maximum" mode: The position of the cable is determined by the maximum
signal level. It has a wide localization zone. Measurements are accompanied by con-
tinuous depth and current control (measurements are correct only above the axis of

é Trace

1 For user frequencies, in "CLASSIC" mode "depth" function is not available
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cable). The amount of current can be distinguished from the "foe" cable: in adjacent
communications the current is less than in the cable connected to the Signal current
source. This mode is convenient for rough tracing of communications.

"Minimum" mode: the cable position determined by the minimum signal level.
This mode has a minimum signal above the cable axis. Be sure to check the result in
the "maximum -" or "maximum'" mode.

FOR ACCURATE LOCALIZATION RESULTS, CHECK THE

RESULT IN ALL SEARCH MODES. IF THE RESULTS ARE
DIFFERENT THEN CAREFULLY EXPLAIN THIS LOCATION."

«FRIEND-OR-FOE»

The mode is accessible at frequencies 2 kHz.

Tracing and identification of cables can be performed even when they pass
through places saturated with other communications and lines located in parallel.

Receiver automatically recognizes the direction and displays on the display in
the form of an arrow. And to start the trace, you do not need to set up a "direction".

Connect the Signal current source to the desired cable. Turn on the mode
"FRIEND-OR-FOE".

In the menu, press [B to choose the “2 kHz” item. Use @ @ to select

"FRIEND-OR-FOE" item and press .
After the mode selection the device will continue with automatic settings:

Mode Friend or foe Reset »F ¥ Functional key “F”
Peak signal level — s " h=oim
I 75«—— Averaged level
Signal : =10
instantaneous ] T
level and position bt 36 0B = ¢— Battery charge level
T i

Sensitivity, dB

Check the correct direction at a short distance from the Signal current source.
Otherwise, change the Signal current source terminals in places.

The cable position is determined by the maximum signal level exactly as in the
"CLASSIC" mode of the "maximum" search mode. Measurements are accompanied
by continuous monitoring of depth and current intensity.

When tracing long trails (several km), a situation may occur when the direction
is not defined. Go back some distance back to the point where the direction was still

defined and, pressing [B, define the direction.

11 . . .
For more information, consult the literature.
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TRACING WITHOUT USE OF THE SIGNAL CURRENT SOURCE -
"PASS'" mode

1
Turn on receiver press . In the menu, press @ to choose the “PASS” item.

"ENEGRGY MAP”

SIGNALS OF INDUSTRIAL FREQUENCY (50HZ) MAY BE
PRESENT IN NEIGHBORABLE CABLES. THIS MAY DISTORT
THE TRACE AND MEASURE THE DEPTH.

Use [Z) E] to select ’JENEGRGY MAP” item and press .
"ENEGRGY MAP” mode is intended for easy and fast user navigation under
power cable. It combines all the innovative line search methods:

e location of cable position in relation to the receiver;
e precise line localization;
e location of the occurrence depth.

Operating frequency 50 Hz.

After the mode selection the device will continue with automatic settings whereu-
pon a cable map without direction is displayed:

Mode —» MAP DIRECTION ™ F ¥— Functional key “F"
Peak signal level > s _. -
Signal I
2 I ETTTTTS £ A T
instantaneous H-HHHH--H-H 36 dB B - Battery charge level
level and position

T : Sensitivity, dB

For detailed description of the search modes refer to “Sensitivity and Auto-
sensitivity” sections.

The position of the arrow on the display shows | ENERGYMAP DEPTH»F
the location of the cable relative to the receiver.
When the arrow coincides with the crosshair, the
cable is under the receiver. The length of the arrow '
is proportional to the signal level. i 36 dB
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For determine the depth press @

ENERGY MAP DEPTH »F

The screen shows the depth of the cable. Re-

turn to the "ENERGY MAP'" press

DEPTH ENERGY MAP»F

For detailed description of the search modes refer to “CABLE MAP ***Hz”

sections.

"CLASSICAL ENEGRGY”

Use [Z) @ to select "CLASSICAL ENEGRGY” item and press .
Conventional line searching method by maximum and minimum signal levels.

Operating frequency 50 Hz.

For detailed description of the search modes refer to “CLASSIC ***Hz” and

“SEARCH MODES” sections. T

The use of the "Maximum -" modes to search for underground energy channels
makes it possible to exclude the influence of overhead power lines.

30
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“50 Hz”

In the menu, press [B to choose the “PASS”, use @ @ to select “50 Hz”

item and press .
The mode enables to search the power cable lines with 50 Hz industrial frequen-
cy currents, without Signal current source application.

Once the mode is selected, the display shows 50Hz MAXIMUM MIN» F
signal level at 50 Hz. ' ........ :
The receiver enables to search the lines in | ; 75

two modes: “Maximum” and “Minimum”. Press

Fio shife i 36 B )

For detailed description of the search modes refer to “CLASSIC” and
“SEARCH MODES?” sections.

“1 00 Hz »

In the menu, press [B to choose the “PASS”, use @ @ to select “100 Hz”

item and press \—J.

The mode enables to search the power cable lines with 100 Hz industrial fre-
quency currents, without Signal current source application.

The receiver enables to search the lines in two modes: “Maximum” and “Mini-

mum”. Press [B to shift.
For detailed description of the search modes refer to “CLASSIC” and
“SEARCH MODES?” sections.

“SPECTRUM”

The mode is accessible in the ”PASS” (passive) mode.

The display shows a broadband signal spectrum in the range from
10 to 26,000 Hz (”Wide”) or the commercial frequencies spectrum of 10 to 500 Hz
(”Energy”). These are delivered to the sound source or sound signal headphones with
the spectrum of the entire receivable range. This feature helps determine the source
by the nature of emission.

The mode enables to search the power cable lines with commercial frequency
currents, wire broadcasting networks, massive metal lines, and the lines in metal
sheathing (pipelines, ropes and so on) without connection of the Signal current source
(at the expense of re-emission).
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"SPECTRUM" MODE DOES NOT ALLOW THE SEARCH OF
HIDDEN COMMUNICATIONS IN ALL CASES!

In the menu, press @ to choose the “PASS”, use @ @ to select “SPEC-
TRUM” item and press .
The display shows a broadband signal in the range 10 + 26 000 Hz (“Wide”’) or

a range of industrial frequencies 10 + 500 Hz (”Energy”).

The received signal is transmitted to the
sound emitter or headphones of the audio signal
with the spectrum of the entire received range.
This feature helps to determine the source by the
nature of the radiation. It is recommended to use
headphones when operating in this mode.

Underground communications usually re-emit
a radio signal in the frequency range 3-30 kHz.

Note the small levels of levels in the spec-
trum, since the signal can be very small.

The most powerful emission is provided by
power cables with currents of an industrial fre-
quency of 50 Hz. This search is successful. Usually
there are harmonics in the spectrum, which depend
on the load. Often there are strong odd harmonics
ata frequen%of 150, 250 Hz ... etc.

Press to shift between ”"Wide” /” Energy”

modes.
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INVESTIGATION OF LOCALITY

Without using a Signal current source

At first, the passive (without a Sig-
nal current source) modes “CLASSIC
ENERGY”, “CABLE MAP ENERGY”,
or “SPECTRUM” of 510 Master re-
ceiver are used for investigation of lo-
cality. The maximum level of a signal is
used for getting the location of under-
ground communications.

The signal level has the maximum
level when the receiver is exactly placed
over the investigated object and perpen-
dicular to the object’s direction.

Turn the receiver from the position
of the maximum signal level to the posi-
tion of the minimum for getting the ex-
act direction of underground object. The
receiver is placed along the object and
points to its direction.

This method is used both in the
passive mode and in the active mode
with using a Signal current source.

Live power cables radiate strong signal of
industrial frequency 50Hz. There are odd har-
monics (50-150-250...Hz) in spite of the main
signal frequency 50Hz.

Unloaded power cables reradiate signals of
industrial frequencies and signals of 9-16kHz
frequencies in wide frequencies band.

Spectrum measurement process is accompa-
nied by a “real” sound signal of the whole meas-
ured frequencies signals.

Spectrum measurement process is accompa-
nied by sounding of “real” sound signal of the
whole band input frequencies. The sound timbre
gives the additional information.
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With using a Signal current source

The inductor is located in the bot-
tom part of the enclosure. The Signal
current source should stand vertically on
the ground, as the picture shows (with-
out extracting it from the bag).

Select frequency “26kHz” and the “CA-

BLE MAP +” mode and press @ for
switching to the function "COMPASS".

This function allows you to display sig-
nals from two directions, and the search
is performed more efficiently. Set the
maximum gain. Place the receiver at a
distance of at least 40 m from the Signal
current source so that the Signal current
source's emission signal can not be heard.

Signal current source MK 510 has
built-in battery and inductor. The carry-
ing bag helps to move the Signal current
source to any point of the investigated
locality.

Put the Signal current source on the
ground perpendicular to the cable or
pipe. Select the «26 250 Hz Inductor»
mode. The built-in inductor radiate the
live magnetic field that induces the cur-
rent in the cable or pipe (as the picture
shows). The current induces the field
that is detected by the cable tracer.

MAP + (=

e

Mode —>{Compass [ Battery charge level

Compass Arrow
o I indicating
: direlction cable

Level
signal
direct
directions

N <« Level
signal

perpendicular
directions

Sensitivity =]
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Start to investigate the lo-
cality, move the Signal current
source and receiver at the same
time. The direction of moving
is perpendicular to possible
direction of the buried cable or
pipe (as the picture the picture
shows), for example, around a
building.

The specific sound would
be heard, on getting closer to
the buried object.

Move the receiver and the
Signal current source forward-
backward and get the maxi-
mum level of signal.

Get the direction of the
trace path as it mentioned
above. Put the Signal current
source and the receiver per-
pendicular to the trace path, if
it is necessary.

N
\

Now, the placement of buried object is known, trace the path exactly, within the
investigated locality using “CABLE MAP 26 kHz” or “CLASSIC 26 kHz” mode.
Investigate the locality on the borders.

You can also conduct a survey at a frequency of 6 kHz. Switch on the mode On
the Signal current source «6 562 Hz - Inductor », «Pause», on the receiver set the

frequency of «6kHz»
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FAULT FINDING!?

Cable insulation faults could be divided into 3 groups:

1. Ground short circuit (SC). Such fault is best findable at a lower fre-
quency (LF) in the “LF-HF” mode. The point of failure is detected by
the abrupt signal abatement. If a LF signal is too low, shift to “CLAS-
SIC 2kHz” mode and detect the point of failure by the abrupt current
abatement.

2. Faults with transition resistance of several kOhm. At faults around 1+
kOhm the leakage current is barely recognizable against the backdrop
of the current via the cable capacitance to earth. Special LF-HF” and
"PHASE” (and also the contact method) are applied to search for such
leakages. Please bear in mind that the sensitivity of special “LF-HF”
and “LF-HF” methods grows at the farthest cable end from the genera-
tor.

3. Faults with transition resistance of >10 kOhm. Such faults will only be
reliably spotted using the contact method.

[{ (L F_HF ”»

This mode is intended for finding faults in the insulation of city cables.

Such faults are conventionally found by abrupt signal abatement. The signal val-
ue could be fluctuating due to a number of reasons: measuring device position, cable
occurrence depth, presence of concrete slabs, gas lines and so on. Detecting a fault
requires very scrupulous monitoring of the signal level while moving along the line.
So this method is only suitable to detect low-resistance faults below 1 kOhm.

The LF-HF mode uses a two-frequency method: the generator sends into the
line a LF signal at 273 Hz, and during the pause — at HF of 2,187 Hz. The signal am-
plitudes are close for both frequencies. Since the occurrence depth and the line laying
conditions have the same extent of impact on the signals, their ratio remains un-
changed. It doesn’t depend on the measuring device position and is preserved while
moving along the line.

Where no line fault exists ahead, the ratio is at 36 dB and higher. If a notable
line fault exists ahead, easily recognizable by the device, the signal ratio gets below
30 dB. Once the fault is passed above, the signal ratio returns to 36 dB and higher —
refer to the figure.

'> The fault finding power cable with metal armor is impossible using non-
contact methods!
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The method is good since it doesn’t require constantly moving along the line and
monitoring the signal. A hard-to-reach place could be bypassed. If the signal ratio
hasn’t changed after return to the line, it means the section traveled contains no faults.
This enables quick detection of the fault spot.

The fault localization is performed in the direction from the Signal current
source to the far cable end. The longer the distance to the cable end, the higher is the
method sensitivity

Connect the Signal current source to the cable in accordance with the figure. Se-
lect the operating mode "LF/HF". Initially, the signal level should be set to maxi-
mum. In the process of work, it can always be reduced.

Place the receiver in the approximate position of the cable. Turn on the receiver,

press [B select the frequency "LF". Select item “LF-HF”, press @ or @ and con-
firm by pressing . Wait until the end of autotune:

Mode Resets F — Reset the difference in signal levels

Peak signal level 4——NDifference in signal levels

Signal : Y | Averaged level
instantaneous ___|L¥M .. . R ;
level and position ittt 36 dB = k—Battery charge level

Sensitivity, dB

Find the exact position of the cable according to the maximum signal level. The
dB value in the display indicates whether there is fault, 36dB — no fault, less — there is
fault. When moving over a healthy section of the cable (pipe), the value will always
be the same, when a fault occurs, the dB value decreases. Reduction of more than 4-
5dB should be regarded as the presence of fault. The lower the value is achieved, the
more low-resistance fault is present.

PHASE

The mode for finding faults in the insulation of area cables. Fault must necessari-
ly have a leak to the ground (soil).

Such faults are conventionally found using contact method. (the Pearson method,
method of potential difference). This is an effective but time consuming method. you
cannot pass hard-to-reach areas. If the location of the defect is at least approximately
unknown, it is required to inspect the entire cable.

To facilitate the measuring device operation in case of fault below 10 kOhm use
«L PHASE” quick contactless method.

The L Phase mode uses a two-frequency phase method. In the HF mode the ge-
nerator sends a signal into the line at two frequencies simultaneously. The signal
phase is changed after the fault is passed.
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The method is good since it doesn’t require constantly moving along the line and
monitoring the signal. A hard-to-reach place could be bypassed. If the phase hasn’t
changed after return to the line, it means the section traveled contains no faults. This
enables quick detection of the fault spot.

The fault localization is performed in the direction from the generator to the far
cable end. The longer the distance to the cable end, the higher is the method sensitivi-
ty. At least 4-5 dB phase fluctuation is required to reliably detect the fault. This
enables to find the following faults:

up to 2 kOhm at distance max 10 km to the cable end;
up to 5 kOhm at distance max 4 km to the cable end;
up to 10 kOhm at distance max 2 km to the cable end.

This method is not applicable in the cities: the cable passes in the vicinity of var-
ious utilities which strongly distort the signal phase.

Connect the Signal current source to the cable in accordance with the figure. Se-
lect the operating mode "PHASE"'. Initially, the signal level should be set to maxi-
mum. In the process of work, it can always be reduced.

Place the receiver in the approximate position of the cable. Turn on the receiver,

press [B select the frequency "6 kHz'". Select item «PHASE», press @ or @ and
confirm by pressing . Wait until the end of autotune:
Mode

Peak signal level

F— Reset the signal phase
[—=Signal phase
Signal

instantaneous
level and position

—Averaged level

k— Battery charge level

Sensitivity, dB

Use maximum signal level to spot the accurate cable localization. Press [B to
clear the signal phase. The phase readings, as a rule, fluctuate around the real value.
Those. it is necessary to estimate the average value. the phase value will be close to
"0" near to the connection point of the generator. The distance from the generator
connection point is several hundred meters, the value can smoothly change by 1-5
degrees, this is not a sign of fault. When approaching the place of damage, the value
will begin to increase by 0.5-1 degrees per meter, mark this point. After passing fault
place, the growth of the indication stops, mark this point. The fault (if it is single) is
in the center of this section.

The increase in the signal phase of more than 4-5° should be regarded as the
presence of fault. The higher the phase value is reached, the more low-impedance
fault is present.
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LINE OCCURRENCE DEPTH SETUP

Prior to commencement of operation it is advisable to set up the line occurrence
depth to increase the measurement accuracy. The procedure enables to eliminate extra
errors associated with non-ideality of receiver antennas and elements of the mea-
surement path. The recommended frequency of this procedure is once per annum, due
to potential change in the characteristics of antenna sensors and the receiver’s input
cascades.

The setup requires a separately running cable with the known occurrence depth
h. Connect the generator to the cable using contact method.

The depth is set up for each operation mode 2 kHz, 6 kHz, 26 kHz, PASS
(2187.5 Hz, 6562.5 Hz, 26,250 Hz, 50 Hz - Energy). The depth setup is conducted at
least 10 m away from the generator. Localize and mark the spot above the cable cen-

ter. Turn on the device in the setup mode — press while holding . In this mode
the Menu contains extra items associated solely with the device setup:

1. 2k depth setup — line occurrence depth setup.

2. Factory settings — return to factory settings for the line occurrence depth.

In the device menu select Depth setup item and press . Then follow the tips
on the LCD display:
1.  Position the device above the line a.) b.)
and press Ok — position the receiver

vertically into a spot marked above the
Receiver

line (view a), press . The setup takes :‘o's'f:f’:n
5 seconds.

2. Lift the device 50 cm and press Ok

— lift the receiver straight 50 cm up the Receiver

in oP_erating
marked spot (view 0), press . The postlon
setup takes 5 seconds. 1
Upon completion of the line occur-
rence depth setup the receiver will ap- =
ply user settings. Select Classic 2k  77777777777777§77777777777777777777777777777777777777777777777
mode to make sure that the displayed h Trace
occurrence depth value equals to the
known occurrence depth h.
Repeat this step in items 6k depth setup, 26k depth setup, Energy depth setup.
The factory depth settings could be reverted if necessary. Select Factory settings

h+50 cm

item and press . Confirm reverting to the factory settings Revert Yes —No, by
selecting Yes.
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SHIPPING and STORAGE

For shipping 510 Master SET must be done carefully packed according to the
shipping rules and regulations.

° BEFORE LONG-TIME SHIPPING TO AVOID THE
DAMAGE TAKE THE BATTERIES OUT

. BEFORE LONG-TIME STORAGE THE BATTERIES
MUST BE FULLY CHARGED

WARNING! Make sure that the condition in the storage rooms or warehouses
satisfy the requirements for storing the devices and doesn’t have any dust, aggressive
gas, acids or harmful crud that could cause rusting!

PRECIOUS METALS

The device does not include any precious metals

WARRANTY

Manufacturer guarantees operating capacity of the trace-locator within the war-
ranty period only if all the required operating, storage, shipping conditions are care-
fully observed.

Warranty period - 12 months from the sale date.

Warranty does not cover the battery and charger.

Manufacturer Address:

RUSSIA,
SVPRIBOR
Koroleva st., 9

170030, TVER

tel: +7-4822- 42-54-91, 72-52-76, 51-50-72

fax: +7-4822- 42-54-91

E-mail: support@svpribor.ru
http://'www.svpribor.ru
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TEST CERTIFICATE

Receiver
510 MASTER, S/N

Signal current source
MK 510, S/N

satisfies all the technical conditions and admitted and fits for service.
Manufacture Date “  ” 2018

Factory Representative (signature)
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SUPPLIED ACCESSORIES

C

Name

Pieces

510 Master

—_

Charge adapter 12 V

Battery Ni-Mh AA-type

User’s manual

Headphones

Headphones Bag

MK-510

Wire for connection to a cable

Nl e A R Rl Bl el el > 4

Magnet connector

._.
e

Connector “Crocodile”

—
—

Grounding probe

_.
N

Charge adapter 18 V

—_—
W

Bag for carrying

— == == === =
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