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Safety Warnings

Warning:

This equipment must only be used by qualified
personnel. The operator must eqsure that use of
this device is in compliance with | rules and

connected to ea

requires that
measures are
should the , dev
temperature

hodld include but not be limited to:

e The use of a competent supervisor and
communication at the remote injection site.

e The use of barriers around the remote
injection site.

e Regular maintenance of injection cables.




The operator should ensure that connection and
operation of this equipment will not interfere with
any nearby equipment (eg frame leakage
protection or relays sensitive to §arth currents).

The test procedures require tHa
sometimes run long distafiees i

securing the cable routes g
created by the presene
particular the op

e Avoid runni
. Never run &

s that have undergone
fraining  relevant to

entry approval certification etc)




1. Introduction

The Low Current Injector (LCI 2058) and Tuned Voltmeter
(TVM 1058) provide a reliable method for comprehensive
testing of earthing systems, particularly those with
low impedance (< 2 ohms) or which are gxtensive or where
noise is present.

noise rejection.

The low current injection method inj S
the earth grid. The test current frequency
provides a very unique te:%a It :
can be easily identified duri

use of 58 Hz tuned voltmete
characteristics can be determ

output. This is
overcomes the
a/to the time varying
s (due to localised soil

transmission Funning parallel to another line. In such
cases the induced current in the test circuit may be
excessive. Instead, a diesel generator operated at 58 Hz can
be used in conjunction with tuned voltmeters (TVM 1058).




2. Applications

Injection testing enables comprehensive testing of earthing
systems. Many important earthing system parameters can
be measured, including impedance, touch, step, and
transferred voltages, earth potential risencontours, current

specific earthing measures for safe
testing can confirm such issues.

Injection testing also allows identification 0
voltages, for example, o

pipelines, telecommunicationg And raj

etc. Injection test method
induced voltages into othey

right-of-way.

Another application i Sulgls oil resistivity. The
off-frequency low cu JaCId hod is preferable for
soil testing where i rference or large test
distances prevent §
used.




3. Injector Overview

o]

level meter (0 to 200 Vrms)
g (power, input circuitry temperature
exceeded, out of range, open circuit, output circuitry
temperature exceeded)
11. Cooling fan vents

BOONoUALNE

Note: The injector will automatically remove the applied
voltage if an open circuit is detected (ie break in the injection
cable).




4. Basic Injector Operation

This section describes the basic operation of the injector unit.
Refer to the test procedures in section 5 for detailed
guidelines on selecting and setting up the injection circuit.

Setting Up the Injector:

1. Find a dry, level, indoor area to set-up the
2. Ensure that both input and o

that the current control is set to™s
3. Insert the mains supply cord but |

Establishing the Injection Currg
. Complete the injection a:é
If necessary, inform theTex

power is being applied
Switch on at the powe
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control until
current is flowj

panel indicates that

approximately 1 A,

nhance safety, use the minimum output
sufficient test current.

To Stop the Current:

1. Press the stop button.

2. Turn both the input and output switches to ‘off".

3. Ensure that the injector has discharged before touching
the output terminals.




5. Earthing System Test Procedure

0

This section details th i \E\p@dure as it relates to
electrical installation i stem3sw/Examples include:

e Power station
substations

nd medium voltage

The fundamental concept is to choose the injection circuit
such that the largest amount of current returns to the
earthing system under test through the soil. It is this current
that will create the earthing system voltage rise and
associated touch and step voltages.
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5.1 The Current Injection Circuit

Minimum Distances

The most important part of the current injection method is
establishing a suitable injection route angd_ current injection
point. The injection point must be far enolgh.agway from the

other. The minimum required distance depends
the size of the earthing system u
each situation. The following
guidelines.

~
Type and Size of Earthing Syste i Wparaﬁon
N (g

Large substation - greater than 1Vx460\ \) \\7‘0\0

Medium substation - 20 x 20 to 19& \1@\ \//39,3 to)OO

Small substation - less than 20 SK \ > N340

Distribution transformer - Iﬁ@{\_‘»\\‘j\\ 100

ectlon point should be
separated by at st 7 tixge iagonal distance of the

earthing system nde

s CDEGS™ from Safe
be used to calculate the
large complicated sites.

In most situations there are usually a number of possible
current injection routes. It may not be feasible to run a
dedicated test cable from a substation located in a busy
urban area. In such situations it may be more suitable to
use one phase of an out-of-service distribution line, earthed
at a nearby substation, to create the injection circuit.
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5.1 The Current Injection Circuit (continued)

Note that induction from a nearby in-service circuit may be
significant and can overload the injector. In such cases it
may be preferable to use a suitably rated diesel genset
operating at 58 Hz.

A standard 1.5 to 2.5 mm? copper single &
suitable for the current injection cable. The
be noted when selecting a cable:

nductor s
Ng should

e The cable should have a toug
(TPS) for physical protection.

e The cable insulation
adequately insulate thé&

e The conductor should be
air.

Care should also be take
areas. Where possible,
should be avoided
manual).

The next step s s ent injection electrode
at the remote si sh sufficient current (>1 A), the
injegti ) impegdance must be less than
200 i be asMieved using several copper
clad r ] deep (or more), bonded together

In somg sityatigns (stony, sandy or volcanic areas) this value
may be “di achieve. Alternative remote electrodes
could include:

e Transmission tower foundations. There must be no
overhead earth wire (OHEW).

e Water pipe or gas well test bore.
e A nearby substation earth grid.
e Metallic rods laid in a river.
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5.1 The Current Injection Circuit (continued)

In some cases a combination of the above may be required
to achieve sufficient injection current. For example a number
of driven rods could be bonded to a nearby transmission
tower footing to lower the combined resistance. To further
he electrode.

able to sustain the current.

Where an out-of-service distribution
substation provides an excellent g )
electrode. The injection line is siy 3 he earth
grid at the remote sub i ) witch or
portable earths. Care must/b e that the
current injection circuit is com it \does not
interfere with any of the gtpstat ¥ (eg frame
leakage protection).

A nearby substation ma 6 e if there is any return
: 3thipg sygtem under test. This

distribution netwg ) s must be thoroughly
investigated bef A uit of this type is
considered.

Measure the loop impedance of the injection circuit with a 4
terminal earth tester or similar. The impedance must be less
than about 200 Q to ensure injector operation.

Check for induced current by temporarily connecting the
current injection cable to the earth grid under test. Measure
the induced current using a standard clip-on meter.

13



5.1 The Current Injection Circuit (continued)

If the induced current exceeds approximately 5 A then the
injection circuit is not suitable. Refer to earlier in this section
for guidelines on selecting an appropriate injection circuit.

To start the injector follow the instruction
of this manual.

Once established, the injector

maximum. This will allow the injecto
and maintain a constant test current

With the injection curregt
voltage rise can be mea
with respect to remote
a cable must physic
the earthing syste
reference.

)2 distance away from
remote earth voltage

The voltage wi 3 < (58 Hz) and so must
be measured using aspecifi 1 voItmeter such as the

signifigca uency (and harmonic) noise
on\ the ¥ and in the test cables. As an
example)a typical spectrum analyser plot (for a 50 Hz power

power frequency ndise present on the earthing system.

The injected current (58 Hz in this case) is shown in the
bottom trace. The top trace shows the 58 Hz voltage rise
and the background 50 Hz noise.
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5.2 Earthing System Voltage Rise Measurement (cont.)

= a ETVEY . . m
| |50 Hz voltage |
L=
| 48,80 Hz |
[ |58 Hz voltage | | 5850 b |
|3rd Harmonic | .
1mV = 0.1V
[ -
\ ["a.23 Millivoits rms ,‘
AL Mjllivalts mis
|58 Hz injection current
I
1mV = 1A

Minimum Distances

V \/
As for the current inj

cable must be at acertain\distance away from the
earthing system u S th potential rise (EPR)
the earthing system

As a general rule
separated by at least

e A dedicated cable as described above. This can be a
light weight, small cross sectional area conductor as the
voltage measurement uses a high impedance circuit.

e A spare telecommunications circuit. These circuits often
run large distances and can be easily earthed at the
remote end.
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5.2 Earthing System Voltage Rise Measurement (cont.)

Where possible, the voltage reference cable should be run at
90 degrees to the current injection cable route. This will
minimise any induced 58 Hz voltage arising from the
injection current.

In many cases it is not practical to have arrent and

than 90 degrees. If this is not feasible
can be run in parallel but only }
impedance is greater than appro

induced voltage can be of
earthing system voltage risg

To provide a voltage
the remote end.
high impedance.

equip ‘ ing any of the 58 Hz test
cuxrent (510 dme examples include distribution
transfor termination driven earths etc. The

earthing dnder test through a network of cable
screens and LV neutrals. If so, there will be an EPR area
around the equipment earthing system that could give an
incorrect measurement.

Preferable earthing points include large open areas such as
parks and paddocks. If the area is heavily built up then a
telecommunications circuit or similar may be the best option.
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5.3 EPR Traverse Measurements

The LCI 2058 can be used to determine the EPR contour
locations of an earthing system. With the test current
flowing, the voltage rise measurement process is repeated at
a number of positions extending out from the earthing
system as shown below. This can be rep in several
directions for a more complete picture of the.EPR cbntours.

CUFRIERT INECTION
ELEC TROGE
B SR I & -
( < ""--.._\_\_ EAHTH GRET UADER 1051 "'-’j//
POLT M TRAVE RSl
wu RN TS
it o L

A
i INqway quickly close to the
earthing system a t as the distance

increases. Therefore easurements should be
taken at small intg i i rger steps further out.

A suggested med staiting, from the edge of the
earthing system_is m,/5m, 8m, 10m, 15m
20m, 30m, 00m,”300m, 400m etc

tq thecgarthing system (sg¢e sect on 6 for analysis details)

Euth Potarsial Rise (V)




5.4 Touch and Step Voltage Measurements

The LCI is ideal for enabling measurement of touch and step
voltages around an earthing system. The injection current
will cause voltages to arise around the site that represent, on
a smaller scale, the actual touch and step voltages likely to
be encountered during a real fault.

step voltage situations are shown beldw

AN
TOUCH VOLTAGE STEP VOLTAGE
METALLIC
STRUCTURE
\
AAAAARAAAAA~ AnvvAAAAANAA-
...................
EARTH CURRENT EARTH CURRENT

turé/voltmeter is required

ion 8). This can be used in

contact of two feet in parallel.
Two smaller plates (each
201 cm?) are used for step
voltages. Refer to section 7 of
IEEE80:2000 for further details.
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5.4 Touch and Step Voltage Measurements (continued)

Some common touch voltage locations include substation
primary plant, support stands, junction boxes, fences, water
taps, metallic doors, disconnector handles, bonded items
such as nearby domestic water pipes andyany other metallic
items that may be touched.

Touch Voltage

step voitage limits are lower where

contact reS|stance is high therefore larger voltages can be
tolerated.

The measured touch and step voltages must be scaled up to
represent a real fault situation. The scaled voltages can then
be compared to the tolerable limits as calculated using
guidelines given in IEEE80:2000 (see section 6 for details).

19



5.4 Touch and Step Voltage Measurements (continued)

The touch and step voltages measured by the tuned
voltmeter are prospective or open circuit values (these
voltages are also calculated by earthing software packages).
This means that the voltage will reduce when the touch or
step voltage circuit is ‘loaded’. How much| the ~ltage drops
depends on the contact resistance of the pe
feet. For high resistivity surfaces such as a crushed
rock the loaded voltage will be’ ™ X
prospective value. This shows th \ oltage

The human body will ‘load’ the grcuit wi pprQXimately
1 kQ hand to hand or hanoot (se 4R J994). To
simulate this effect the TVM™W as a ‘Low
Z' button that applies a 1 kQ Jead ant circuit
as shown below. In this prespeclive and

circuit adjustments.

AN
TOUCH VOLTAGE STEP VOLTAGE
TUNED
METALLIE VOLTMETER
STRUCTLRE W
TLINEDY oy —
VOLTMETER
1ki? T\r ;E:[
1Lk
T . Y FYTTTYYY v
--------- - ey
EARTH COLUEREMNT EARTH CLEREMNT

The lo ed\al—t)e prpvides an indication of the voltage that is
likely to appear across the human body. This should not be
used to rule out voltage hazards as the contact resistance
can vary greatly with weather conditions. On a wet day the
loaded voltage could be much higher (and more hazardous)
than on a dry day. The most consistent method is to use the
prospective measurement as this provides an upper limit on
the voltage across the human body.
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5.4 Touch and Step Voltage Measurements (continued)

The loaded value is only used to confirm voltage hazards
identified by the prospective value. If the loaded value is
high then the surface resistivity is low and therefore the
hazard may be significant. It is important to first wet the
ground underneath the footplate.

5.5 Current Splits Measurements

overhead earth wires (OHEWS).
secondary paths can be detected
conjunction with a clip-on
(eg LEMFLEX™) is most suit

any power sy frequency signals will be filtered out by
the voltmeter. This technique identifies the amount of
current that is likely to flow through the secondary paths
during a real earth fault (see section 6 for analysis details).
This can be useful for earthing conductor sizing purposes.
There may be phase angles present and more accurate
readings should be carried out with a dual channel spectrum
analyzer.
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6. Earthing System Measurement Analysis

The earthing system impedance is simply calculated by:

ZSystem = ESVRTest/ Itest

ESVRrst (Earthing System Voltage Rise) measured

earthing system voltage rise.

The next step is to relate t
measurements to a real fault situation. Ki Ase
earth fault current must be calculated, S of PR the
worst case is the fault that results 3 aqount of
current flowing into the earEJ: kest.

As an example an earth fa 3 %V feeder from a
33/11 kV zone substation mg
However if the feeder is a z S e~then/most of
the current will return t § I dnsformer
through the cable screen (i tHe earth grid). In

this case there will be H PNpotential rise around
the zone substation (

11kV FEEDER FAULT

DISTRIBUTION TRANSFORMER
ZONE SUBSTATION 11kV/400V

33/11kV

CABLE WITH SCREEN
s, 0
CURRENT RETURN
THROUGH SCREEN
EARTH GRID UNDER TEST ﬁ

Alternatively, at the same zone substation a 33 kV bus earth
fault may have a fault level of 6 kA. If the 33 kV bus is
supplied by incoming overhead lines (with no neutral) then
all of the current will return to the supplying substation
through the earth. This will result in the greatest earth
potential rise around the zone substation even though the
fault level is much less than the 11 kV feeder fault level.
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6. Earthing System Measurement Analysis (continued)

33kV BUS FAULT

110/33kV 33/11kV

OVERHEAD 33 kV LINE
D,

g EARTH GRID UNDER TEST

SUPPLYING SUBSTATION o,

injection method accurat
therefore the measure
scaling factor is simg
worst case fault cu

le up the measured earthing
arse voltages, touch and step

ESVR = ESVRrtest X SF

The scaled voltage rise indicates what voltage the earthing
system will be at for the duration of a real fault.

23



6. Earthing System Measurement Analysis (continued)

EPR Traverse Measurements

The measured EPR traverse values give the voltage
difference between the earthing system @and the ground at
the test point. Traditionally, EPR values| arergiven as the
voltage rise of the ground above absoluteNzero yolts. This
means that the traverse measurements must\qe comnnerted to
the correct format.

the real fault situation. This can be
each measurement by the scaling fa

For each traverse measure

The next step is to calculats i earthing system
voltage rise as shown~n % section. This value
signifies the voltage C marthing system above
absolute zero vol as a reference for the
arthing system voltage

epr = ESVR - Veprscaled

These calculated values can then be plotted to give the
actual EPR voltage traverse for a real earth fault (see
diagram below). The location of EPR contours of interest (eg
430 V contour) can be determined from the plot. If more
than one traverse was completed then the process is just
repeated for each set of measurements.
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6. Earthing System Measurement Analysis (continued)

Earth Potential Rise EPR

| Maximum EPR
B00.0 |
5000 ‘
= | 430 ¥ EPR Gontour
ém.o \ |
E:m.o !
|
mm.o \ ‘
" | Lo [ e I -
U] 50 100 150 200 %0 00 350 400 450 500 550 &00
Distance From Grid (m)
The measured EPR vajues\ca ined with earth grid
modelling software sdch o0 provide an overall
picture of the earthy m EPR\_CDEGS™ can be used to

create an EPR c
shape and soil
adjusted to
An example

(

the earthing system
PR contours can be
om the test results.
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6. Earthing System Measurement Analysis (continued)

Touch and Step Voltage Measurements

The measured touch and step voltages are simply scaled up
by the scaling factor (see beginning ofysection 6).
voltages can then be compared to the tolerat
as calculated according to IEEE80:2000 or

IEEE80:2000 calculates limits for
based on limiting body currents to
Dalziel ("Dangerous electric currents”
person (public areas) the safe body

Isom@

Where t is the duration of the f&

calculates a toléd
currents. The

= I50kg X (Rreet + RBody)
= T7okg X (Rreet + Raody)

The conta ance of a foot is found to be proportional to
the ground surface resistivity and is given by:

Rroot = 3P

Where p = resistivity of the ground surface (Q2-m)

26



6. Earthing System Measurement Analysis (continued)

For touch voltages there are two feet in parallel so the
contact resistance is given by:

Rreet = 1.5p

For step voltages there are two feet in serie Phe contact
resistance is given by:

Rreet = 6p

Therefore the following formulas are g
tolerable touch and step voltage li

50 kg person (public areas):

Touch:
Viimitsokg = (0.1

Step:

Vimits0kg

For loaded measurements the tolerable voltage limits are
simply given by:

VLoadedSOkg = (0-116/\/0 x 1,000

VLoaded70kg = (0-157/\/0 x 1,000

27



7.

LCI1 2058 Technical Specifications

Power Supply

220-240 V ac 50 Hz (mains or generator)

Output Voltage

0-200V

Output Current

N
1 - 10 A constant curren!b/\

Output Signal

58 Hz square wayve \/\\J\
d /. A

Auto shutdown%w@n&circuit >
PEMITX.

Protection
Housing Robust Pelican caz’e\ >
Weight 15 kzq/\ ( (\ \>

S
&




8. TVM 1058 Tuned Voltmeter

8.1 Introduction

> can also be used with
a diesel generator y s ical to use the LCI 2058

The TVM is able to
his means very low levels
anywhere on the site under

reading spective touch, step and transferred
voltages. It also has a switchable low input impedance
(1 kQ) to simulate a person's body impedance.
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8.2 Equipment Overview

Warning:
Meter input voltages must not exceed 200 V.
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8.3 Basic Meter Operation

In normal operation the meter displays the filtered 58 Hz
voltage. By pressing the ‘FILTER OFF’ button the meter will
display a true RMS measurement of the input signal.

A 1 kQ load can be applied across the inp pressing the
‘LOW Z' button. This provides an indicat

that would appear if the circuit was ‘loaded the typical

Power Suppl 4 x A
PPy /A\ < (\

Ranges (auto) 0 19 99
- 199@’\\
Accuracy =01 </
+ 2K
Frequency 58&\?&& N
Sensitivity \
Input Impedanci& \\bﬂ\\
Noise Rejection 0 B\s ,(@1)

Display < (-\ \J\\QD\B‘/@t

Battery Life 40 hours rox.)

W&{ht <\ —2609
N%s) ) 195 x 100 x 40 mm (H x W x D)
\/
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9. Maintenance and Repair

Please refer all enquiries to:
Mitton Instruments Ltd
PO Box 25 008

Christchurch,
New Zealand

Ph: +64 3 379 2129 %
Fax: +64 3 377 2874
Email: enqu'ries@mittoninstruments.
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