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(57) ABSTRACT

A method for detecting predetermined fault conditions asso-
ciated with the supply of AC electrical power to a consumer,
the supply having an active conductor and a neutral conductor
with the neutral conductor being connected to earth. The
method comprises providing a first current detector associ-
ated with the active conductor; providing a second current
detector associated with the neutral conductor; providing a
voltage detector to detect voltage between the active conduc-
tor and the neutral conductor; and checking a current ratio of
neutral current to active current whereby the current ratio is
indicative of a predetermined fault condition. Also disclosed
is a method of checking the condition of supply line active and
neutral conductors in a consumer’s supplied premises includ-
ing determining the impedance of the active conductor and
the impedance of the neutral conductor to indicate the condi-
tion of each of the active and neutral conductors.
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POWER SUPPLY MONITORING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application a continuation application of U.S.
patent application Ser. No. 12/312,628, filed on May 18,
2009, which is a National Phase Patent Application of Inter-
national Application No. PCT/AU2007/001810, filed on Nov.
23, 2007, which claims priority from Australian Provisional
Patent Application No. 2006906590 filed on 24 Nov. 2006,
the contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to an AC power supply moni-
toring system and relates particularly to a system to monitor
fault conditions particularly in domestic, commercial and
industrial, single phase power supplies. However, the inven-
tion may be adapted for use in monitoring fault conditions in
three phase supply. However, for ease of understanding the
invention, it will be described with reference to single phase
supply systems.

BACKGROUND OF THE INVENTION

[0003] Single phase power supply systems throughout Aus-
tralia and in many parts of the world comprise an active
conductor and a neutral conductor which is generally main-
tained at earth potential by being connected to an earthing
system at various points throughout the distribution system,
including at a consumer’s switch board.

[0004] A potential fault situation which sometimes arises
and which may be of a major concern to the supply authority
and the power user is that of reverse polarity. Reverse polarity
may occur through reversing the neutral and active connec-
tions at the electricity meter on the premises of the user or at
the supply pole from which the service is supplied. With a
reverse polarity fault condition, an extremely hazardous situ-
ation occurs as dangerous active voltage may be present on
the neutral, giving rise to dangerous voltage levels present on
the earth system of the user. Many earth systems are con-
nected through water pipes and the like which, in the event of
a reverse polarity fault, will give rise to extremely hazardous
conditions.

[0005] Another fault situation which can create hazardous
conditions for the electricity user is that of a neutral failure. If
for example, the neutral wire connecting the user’s premises
to the power system is accidentally disconnected, such as by
a tree or the like cutting the wire, all of the current flow is
forced into the user’s earth system rather than the neutral
connection. This can create the problem of a hazardous volt-
age onthe user’s earth, particularly if an earth connection has
a higher than expected resistance.

[0006] A further potentially hazardous fault situation is a
broken or high resistance customer earth system.

[0007] At the present time, such fault conditions can only
be ascertained by conducting specific fault tests on consum-
er’s premises. Such testing is time consuming and expensive
and is, therefore, carried out very infrequently if at all. The
faults referred to are not detected by the standard, mechanical
electricity meter, or in house Residual Current Device
(RCDs).

[0008] Accordingly, it is desirable to provide a system
which can detect predetermined fault conditions which are
present on or arise in a consumer’s premises.
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[0009] It is also desirable to provide a method and system
for detecting fault conditions that does not require physical
change to be made to a consumer’s switchboard or meter
board.

[0010] Itis also desirable to provide a system, and method,
to constantly monitor the power supply to a consumer’s pre-
mises and detect predetermined fault conditions. It is also
desirable to provide a method and system which may be
adapted to disconnect a supply to a consumer’s premises on
detection of predetermined fault conditions.

[0011] It is also desirable to provide a system and method
for detecting predetermined fault conditions associated with
the power supply to a consumer’s premises which is relatively
simply, easy and economic to implement.

SUMMARY OF THE INVENTION

[0012] According to one aspect of the invention, there is
provided a system for detecting one or more predetermined
fault conditions associated with the supply of AC electrical
power to a consumer, the supply having an active conductor
and a neutral conductor, the neutral conductor being con-
nected to earth, the system comprising:

[0013] a first current detector associated with the active
conductor;

[0014] asecond current detector associated with the neutral
conductor;

[0015] a voltage detector to detect voltage between the
active conductor and the neutral conductor; and

[0016] a contactor switch in the active conductor.

[0017] With such a system, a condition such as reverse
polarity can be simply and easily detected. With the contactor
switch in the active conductor opened, any current detected
on the neutral conductor indicates a reverse polarity.

[0018] Preferably, a second contactor switch is provided on
the neutral conductor to enable the neutral conductor to be
disconnected from the supply in the event that a reverse
polarity is detected. The contactor switches in either or both
of'the active and neutral conductors may be controlled by the
supply authority. Thus, if current is detected on the neutral
connection with the open contactor on the active connection,
the supply authority can open the neutral contactor switch.
[0019] The system of the invention may also detect other
faults such as a broken neutral conductor, a broken customer
earth connection, a short circuit between the active and neu-
tral conductor in the low voltage supply line, and a short
circuit between the active and the customer’s earth.

[0020] Thus, for a broken neutral conductor, all incoming
current on the active conductor will exit the customer’s instal-
lation through the customer’s earth connection. Therefore,
zero current will exit through the customer’s neutral, and the
current detector on that neutral conductor will show a zero
current flow.

[0021] Similarly, a broken customer earth may be detected
by measuring the currents on both the active and neutral
conductors. During normal polarity, the neutral current will
always be less than the current on the active due to a small
percentage of the current returning through the customer’s
earth, which may have a resistance of between 5 and 70
Ohms. Consequently, if the active and neutral currents are
identical, this indicates a broken earth, which must then be
further investigated.

[0022] Other fault conditions may also be detected by the
system of the present invention.
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[0023] According to another aspect of the invention there is
provided a method for detecting one or more predetermined
fault conditions associated with the supply of AC electrical
power to a consumer, the supply having an active conductor
and a neutral conductor, the neutral conductor being con-
nected to earth, the method comprising the steps of:

[0024] providing a first current detector associated with the
active conductor;

[0025] providing a second current detector associated with
the neutral conductor;

[0026] providing a voltage detector to detect voltage
between the active conductor and the neutral conductor;
[0027] checking a current ratio of neutral current to active
current whereby the current ratio is indicative of a predeter-
mined fault condition.

[0028] In using the method of the invention, a normal con-
nection without any faults will show a current ratio less than
1 due to the fact that the neutral current will always be less
than the current on the active, as indicated above. However, if
a reverse polarity connection is present, the current on the
neutral will be split between the earth and the active so that the
active will have less current than that on the neutral. The ratio,
therefore, will be greater than 1. If, as indicated above, a
broken neutral is present on the system, all incoming current
on the active will exit through the earth and, therefore, zero
current will appear on the neutral. Therefore, the current ratio
will be zero.

[0029] If, with a normal polarity and a broken customer
earth, all of the incoming current on the active will exit
through the neutral and, therefore, the current ratio will equal
1. Similarly, with reverse polarity, and a broken customer
earth, all the incoming current on the neutral will exit through
the customer’s active so that the ratio will again equal 1.
[0030] Where ashort circuit is present on the supply service
between the active and neutral, the majority of the supply
current will return via the neutral line, and a small part will
return via the custom’s earth. This will force the current on the
neutral to flow through the customer’s meter in the reverse
direction on the neutral. No current will flow through the
active line in the customer’s meter so that the current ratio will
equal minus infinity

[0031] While the above test will provide a reliable guide as
to the existence of the predetermined fault conditions, a fur-
ther, direct resistance test may also be used to measure the
customer’s earth resistance and the LV service neutral resis-
tance.

[0032] Another test that may be carried outis to check if the
supply voltage is within a predetermined acceptable range
whereby the consumer is disconnected if the voltage falls
below a preset minimum.

[0033] Preferably, the method further includes providing a
contactor switch in the active conductor to enable remote
disconnection of the consumer by the supply authority. A
second contactor switch may also be provided in the neutral
conductor.

[0034] According to a further aspect of the invention, there
is provided a method of checking the condition of supply line
active and neutral conductors in a consumer’s supplied pre-
mises comprising the steps of:

[0035] measuring a supply voltage across the active and
neutral conductors at a predetermined time;

[0036] measuring the current in each of the active conduc-
tor and neutral conductor at the predetermined time;
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[0037] measuring the supply voltage and each of the cur-
rents in the active and neutral conductors after a switching
event, said switching event including adding or removing a
load; and

[0038] determining the impedance of the active conductor
and the impedance of the neutral conductor to indicate the
condition of each of the active and neutral conductors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] In order that the invention is more readily under-
stood, embodiments will now be described with reference to
the accompanying drawings.

[0040] FIG. 1 is a schematic circuit diagram illustrating a
normal power supply to a consumer;

[0041] FIG. 2is a simplified circuit diagram illustrating the
normal current flow;

[0042] FIG. 3 is a diagrammatic circuit diagram illustrating
a reverse polarity connection;

[0043] FIG. 4 diagrammatically illustrates features of an
electricity meter in accordance with an embodiment of the
invention;

[0044] FIG. 5 diagrammatically illustrates a reverse polar-
ity circuit utilising the meter of FIG. 4;

[0045] FIG. 6 is a diagrammatic circuit diagram illustrating
the described embodiment;

[0046] FIG. 7 is a diagram showing a simplified version of
Carson’s Equations;

[0047] FIG. 8 is a diagram showing a modified version of
Carson’s Equations;

[0048] FIGS. 9 and 10 are plots of current ratio against
earth resistance for varying values of neutral resistance; and
[0049] FIGS. 11 to 14 are plots of combined neutral and
active impedance against earth resistance for varying values
of neutral and active resistance.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0050] Referringto the drawings, existing mechanical elec-
tricity meters are unable to detect the integrity of the neutral
connection, the customer’s earth or a reverse polarity. How-
ever, with the introduction of electronic electricity meters
(EEMs), this has become possible. Although it would be
possible to completely redesign an electricity meter and
switchboard that would be able to detect the described fault
conditions, the cost of such changes is unrealistic. Accord-
ingly, embodiments of the present invention have been
designed to utilise existing electricity meters and switch-
boards to obviate or minimise any physical changes.

[0051] FIG. 1 illustrates an existing customer’s electrical
connection to a power supply system. The electricity meter 12
is connected to the active conductor 14 and the neutral con-
ductor 16 extending from the supply authorities distribution
system. A service fuse 17, usually located on a telegraph pole
or the like external of the consumer’s premises, provides
primary service protection.

[0052] Electricity meter 12 has a low impedance current
coil 18 to detect current flow through the meter 12 and a high
impedance voltage coil 19 to detect voltage across the active-
neutral. Due to the alternating current supply, current flows in
both directions through the consumer’s switchboard 21
which, generally, incorporates a residual current device
(RCD) 20, although not all circuits are so protected. Accord-



US 2015/0077891 Al

ingly, if an earth fault occurs in the consumer’s premises, the
flow of energy will follow the dotted lines 23 to the earth
connection 22.

[0053] As seen in FIG. 2, in a normal polarity connection,
the current flow (during the positive half of the voltage cycle)
is in the direction of the arrows. The neutral conductor 16 is
connected to earth through the consumer’s switchboard 21 as
well as externally through the supply network (not shown).
Thus, assuming a simple load 24, a supply voltage of 240
volts, the voltage drop across the load is 240 volts, assuming
the impedance of the neutral conductor 16 is zero. Nominally,
no current will flow through the customer’s earth although, in
practice, with an earth connection having a resistance typi-
cally between 5 Ohm and 70 Ohm, a small current may flow
through the earth connection 22.

[0054] Ofcourse, during the negative portion of the voltage
cycle, the current flows in the reverse direction.

[0055] Referring to FIG. 3, a reverse polarity connection is
diagrammatically illustrated whereby the active conductor 14
is connected to the customer’s neutral conductor 16a.
Because the supply authorities neutral conductor 16 is con-
nected to earth at point B, the full supply voltage (240 volts)
will be present on the consumer’s neutral conductor 16a.
Accordingly, the voltage appearing across the load 24 will be
240 volts with current flowing in the direction of the arrows,
and, additionally, the voltage across the earth connection 22
will also be 240 volts resulting in a current flow to earth as
shown. Such a reverse polarity connection, therefore, poten-
tially introduces 240 volts into the consumer’s earth connec-
tion 22 giving rise to extremely hazardous and potentially
fatal conditions.

[0056] Another potentially hazardous fault condition is a
broken neutral connection 16 or 16a which forces all load
current through the customer’s earth rather than the neutral
connection. With such a fault, the consumer may not notice
any difference in power usage, and the present electricity
meters will not detect this fault situation.

[0057] The new electronic electricity meters are provided
with a second current coil 26 (F1G. 4) on the neutral conductor
16a. The purpose of this current coil is for detection of power
theft, and is used to ensure that the current flow on the active
conductor 14 is greater than that on the neutral conductor 16.
The new meters also include a contactor switch 27 on the
active conductor 14. This contactor switch 27 is able to be
remotely operated by the power supply company to remotely
disconnect supply to a premises in the event that a fault
condition is detected, that fraud is detected or the distribution
company is required to disconnect the customer.

[0058] In accordance with a preferred embodiment of the
invention, the electricity meter 12 is provided with a second
contactor switch 28 in the neutral conductor 16a. The second
contactor switch 28 is preferably remotely operable although
it may be a switch which can be actuated on detection of a
reverse polarity condition whereby it is necessary to discon-
nect the supply active from the consumer’s neutral conductor
16a.

[0059] Using the modification shown in FIG. 4, a reverse
polarity connection may be detected during an initial “start-
up”, when a consumer is first connected to the supply. As
shown in FIG. 5, the test involves opening the active contactor
switch 27 and, using the second current coil 26, checking for
the presence of current in the neutral conductor 16a. If current
is detected, this indicates a reverse polarity connection and
the second contactor switch 28 is immediately opened to
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disconnect the customer’s premises totally from the supply
system. Of course, if no current exists through the second
current coil 26, then reverse polarity is not present. It will be
appreciated that when a reverse polarity condition is present,
the power from the supply active flows directly to the con-
sumer’s neutral conductor 16a and through the consumer’s
earth connector 22.

[0060] While this method of detecting reverse polarity fault
conditions is simple and easy to implement, it does not have
the ability to detect the integrity of the neutral conductors 16
and 164 or the customer’s earth connector 22. Accordingly, a
second method has been devised in order to detect such fault
conditions in real time with a live power connection. The
method will enable detection of:

[0061] reverse polarity;

[0062] broken neutral;

[0063] broken customer earth;

[0064] shortcircuit between active and neutral conductor in

the LV supply (supply authorities side of the connection);
[0065] short circuit between active and the earth.

[0066] The method involves comparing the ratio of the
current on the active conductor 14 with the current on the
neutral conductor 16a. As shown in FIG. 6, and noting that
circuit behaviour modelled in the following description dem-
onstrates the AC input voltage in its positive cycle, although
results are valid for the full cycle AC input, the supply voltage
source 31 supplies a nominal 240 volts to the consumer’s
premises. With both contactor switches 27 and 28 closed, the
current flow through the current coils 18 and 26 are measured
and compared. During normal polarity, the neutral current
will always be less than the current on the active. This is
because a small percentage of the current will always return
through the customer’s earth. Therefore, the currentratio I,/1,,
is less than 1. If a reverse polarity fault condition was present,
the incoming current on the neutral conductor 16a will be
split between the earth and the active conductor 14. There-
fore, the current on the neutral conductor 16a will always be
greater than the current on the active conductor 14. Therefore,
the ratio 1,/1, is greater than 1.

[0067] Inthe event that a broken neutral condition exists on
the system, all incoming current on the active conductor line
14 will exit the customer’s installation through the custom-
er’s earth 22. Therefore, zero current will exit through the
customer’s neutral and the current ratio 1,/1, will equal zero.
[0068] With the fault condition of a broken customer earth,
with normal polarity connection, all incoming current on the
active line 14 will exit through the neutral 16a so that the
current ratio I, /I, will equal 1.

[0069] Witha broken custom earth during a reverse polarity
fault condition, all the incoming current on the neutral line
164 will exit through the customer’s active conductor 14 so
that the current ratio [,,/I, will also equal 1.

[0070] Both broken customer earth fault conditions indi-
cated by a current ratio of 1 require immediate investigation,
and the customer supply may be disconnected by remote
activation by either one or both contactor switches 27 and 28
until the inspection determines and corrects the fault condi-
tion. (A visual indicator could also be shown on the meter).
[0071] In the event of a fault condition comprising a short
circuit between the active conductor 14 and the neutral con-
ductor 16, upstream of the customer meter 12, the majority of
the supply current will return through the neutral line 16a, and
a small part will return via the customer’s earth. This will
force the current on the neutral conductor to flow through the
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customer’s meter in the reverse direction on the neutral. No
current will flow through the meter’s active conductor 14 so
that the current ratio will be negative infinity.

[0072] In the event of a fault condition comprising a short
circuit on the LV service of the supply authority between the
active and the earth, upstream of the customer meter 12, the
majority of the supply current will return via the neutral line
and a small part will return via the customer’s earth 22. This
will force the current on the neutral to flow through the meter
in the positive direction on the neutral, and no current will
flow through the meter’s active line 14. The current ratio,
therefore, will equal infinity.

[0073] In accordance with another embodiment of the
invention, an advanced current ratio test may be used when,
from the behaviour of the circuit, it can be shown that the
neutral integrity can be assessed as its resistance approaches
1 Ohm (the maximum allowable resistance). Referring to
FIG. 6, it will be seen that as the resistance of the neutral
conductor 16a increases from O to infinity, the current ratio
will reduce from 1 to 0. Therefore, at some point in this range,
when the value of neutral resistance is equal to 1 Ohm, a
specific ratio could be determined. However, the consumer’s
earth connection 22 is not a fixed value, and may vary
between about 5 Ohm and 70 Ohms. It will be noted that, in
order to meet the requirements of the electricity standards, the
customer earth resistance should be less than 70 Ohms and the
neutral resistance should be less than 1 Ohm. Based on soil
conditions, it is hypothesised that the customer’s earth resis-
tance is always greater than 5 Ohms.

[0074] In order to solve this problem mathematically, Car-
son’s Equations must be used. Carson’s Equations model the
behaviour of long parallel overhead conductors with a return
path through ground. Due to the high reactance of the current
travelling through the ground, the majority of the current is
forced to return through the neutral line.

[0075] Carson’s Equations model this situation mathemati-
cally.

Simplified Carson’s Equations

[0076] FIG.7 shows the simplified Carson’s Equations dia-
gram.
[0077] Using FIG. 7, Carson’s Equations can be used to

solve the above parallel lines assuming conductor q is a
ground wire.

M

D.

GMR,

Z, =1y +(9.689x 1074 x ) +j(47rf xln( ))ohm/km

y , D, (2)
Zpy = (9.689x 1074 x f) +](47rf><ln(D—]]ohm/km
pq

Vo = 1,Zp + 137 3)
V= 1,2, + 1,7, 4
[0078] Let conductor q be a ground wire, in which case

V=0, since both ends of this conductor are connected to
ground.

[0079] Therefore, we can solve for the ratio

Ig

Ip

V= 1pZpg + 1,7, ®
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-continued
V,=0 (6)
1y Zpg = 1,7, 0]
b _Zm ®
L,z
[0080] Equation (8) cannot be used as it does not take into

account the grounding resistance that exists within the sys-
tem. The above example is for a purely theoretical situation.
The customer’s earth probe has a finite surface area in contact
with the ground, therefore creating a finite resistance.

Carson’s Equations Modified for Analysis

[0081] Inorder to simulate our system, a ground resistance
must be introduced into the system. In order to simplify the
equation, the earth resistance at the source has been ignored
as it is insignificant in comparison to the customer resistance.
This is based on the source earth resistance being CMEN with
multiple earths.

[0082] FIG. 8 has been used to model the scenario.
Vo=l ZA,Z ot R +IR, ©
V=L Zoyt,Z,+H R, (10)
L=I~I, amn
V,=0 (12)
[0083] Substituting equations 11 and 12 into equation 10
yields:
0 = IoZan + InZy + [oRe + L, R, a3
loZen + R+ 1,(Z, + R,) =0 (14
L, (Zwm+R) (15)
I~ Zu+R)
[0084] In the circuit diagram of FIG. 6, I, is defined as

flowing in the opposite direction, therefore we can remove the
negative symbol.

b (Zm+R) 16)
. @, +R.)

Given that
7= 1+ (9.689% 10 x f) + j{4nf x1n| GZER Jlohun/kam an

Zon = (9.689><10’4><f)+j(47rf xln(&))ohm/km 18

Da
(19)
P
D,=65837x | £
GMR, = 0.7788r 20
Where
[0085] D_=Equivalent Depth (metres)
[0086] f=frequency (hertz)
[0087] p=Earth Resistivity (Ohm metres)
[0088] GMR ~Geometric Mean Radius (metres)

[0089] r=radius of conductor (metres)
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[0090] r,=AC Resistance of neutral conductor

[0091] r,=AC Resistance of neutral conductor

[0092] D, =Distance between conductors a-n (metres)
[0093] R_=Customer earth resistance

Mathematical Analysis of Circuit

[0094] The circuit was analysed for varying values of the
Neutral Resistance and the Earth Resistance. The Earth
Resistance was limited between 5 and 70 Ohms as previously
described.

TABLE 1
Value  Units Description

Active Conductor

I, 0.223  Ohm/km AC Resistance of Active
conductor

GMR, 0.00616 metres Geometric mean radius of
conductor

Neutral

Conductor

I, Varied Ohm/km AC Resistance of Neutral
conductor

GMR, 0.00616 metres Geometric mean radius of
conductor

Other

D(an) 1.2 metres Distance between active &
neutral

F 50 hz frequency of system

P 100 Ohm Metres Earth Resistivity

D(e) 931.08 Equivalent Depth

Note:
The conductor used was 19/3.25 AAC, also referred to as Neptune. The LV service conductor

was ignored for this analysis.

[0095] The largest value of r,, that could be present before
the neutral was outside of specifications would be r,,=3 Ohms/
km. This assumes that the longest circuit length is 333 m.
[0096] When the different values of AC resistances were
substituted into the equation, the following results shown in
FIG. 9 were obtained.

[0097] FIG. 9 shows that:
[0098] Forlow neutral resistances, the ratio approaches 1
[0099] For high neutral resistances, the ratio approaches
0
[0100] As the earth resistance increases, the ratio
increases
[0101] The minimum fault condition crosses the y axis at

Ratio=0.945

[0102] A set ratio cannot be defined to allow for the detec-
tion of neutral resistance>1 Ohm. This is because there are
two unknown variables, the earth and the neutral resistances.
[0103] This method allows the detection of neutral degra-
dation to be analysed at increased accuracy from the previous
tests. From the above graph two fixed analysis points can be
derived. These are shown on the following graph:

[0104] For [0<I Ratio<0.94], Neutral Fail as degraded
[0105] For [0.94<I Ratio<1], Inconclusive.
[0106] For small values of earth resistance, the detection of

neutral degradation is very accurate. As the earth resistance
increases, the ability to detect neutral degradation reduces.
[0107] Therefore, by applying our previous knowledge we
can increase our detection capability, as shown in the table
below.
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TABLE 2

Current Ratio Condition Detected

Ratio <0 Active/Neutral Short

Ratio =0 Broken Neutral

0 < Ratio <0.94 Neutral Fail as degraded
0.94 <Ratio <1 Inconclusive

Ratio =1 Broken Customer Earth
Ratio > 1 Reverse Polarity

Ratio =: Active/Customer Earth Short

Note:

The actual ratio ranges are subject to laboratory analysis. This analysis is for mathematical
proof of concept only.

[0108] A further test must be carried out to investigate the
inconclusive ratio tests where 0.94<Ratio<l. This is
explained in detail below.

[0109] According to a further embodiment of the invention,
a further simple resistance test may be performed which
minimises possible limitations of current ratio tests.

[0110] A potential difficulty with the advance current ratio
test is that it may fail to remove the customer’s earth resis-
tance as a variable from the ratio equation. The ratio becomes
less meaningful as the customer’s earth resistance increases
and the ability to detect differences between ratio profiles
decreases as they all tend towards 1.

[0111] The objective of the following test is to analyse the
combined impedance of the neutral and active. By analysing
the two impedances, the condition of the line can be deter-
mined. This test has the ability to ensure that the impedance of
the active and neutral lines are within specifications.

[0112] For simplicity of explanation a simple analysis to
prove the concept has been used. This test requires that the
meter 12 store the ‘no load voltage’ across the meter as a
variable within its internal memory. This needs to be com-
pleted when there is no current flowing through the meter. At
this point the voltage across the meter shall equal the source
voltage. This shall be referred to as V. This voltage can be
measured at the meter initialisation, or by disconnecting the
active disconnect switch. To ensure accurate results, the ref-
erence voltage should be measured instantly before (or after)
measuring the meter voltage (V,,).

[0113] The measured voltage on the meter shall be referred
toasV,,.
[0114] It is known from equations (9) to (20) in the above-

mentioned section “Carson’s Equations modified for analy-

S18

L+l =1, (11

L, (Zwm+R) (15)
L~ (Z+R)

It is known that:
V=V, @n
Vie=LRy (22)

Analysis 1—Factor I,

[0115] Therefore:
Vg = Vi = 1,70 = LR e L+ LR
re_m—aa_maan+(a+n)e
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-continued
Vi = Vin =
laZs - %Iazan + LR - %h&
Viep = Vin = 12, — %h + LR,
a1
[0116] As can be seen from FIG. 12, this analysis will tend

to underestimate the value of the combined impedances for
small earth resistances. As the earth resistance increases, the
accuracy of this analysis will increase.

[0117] The major benefit of this methodology is that it does
not require a neutral current detector.

Analysis 2—Factor [,

[0118] The equations can be rearranged to solve with I,
rather than 1.

Vigr = LoZo + 1y Zon + Viy + (I + IR, (28)-(32)
Vg =V = =t R bz, + (I, + LR
v =V =~ gy It InZan + (a + LRe
(Zn + Re) (Z, + Re)
Vigr = Vi = = o [ 7 4 Ty — 1, R, + IR
ref m (Zan+R6)na+nan (Zan+R6)ne+ne
Vi =V, Z, + R Z, + R,
g Vo B tRD o Gk R
I (Zan + R.) (Zan + Re)
Vier = Vin =7t R - (Z, + R)(Zs + R,)
I, (Zan + Re)
[0119] As can be seen from FIG. 12, this analysis will tend

to overestimate the value of the combined impedances for
small earth resistances. As the earth resistance increases, the
accuracy of this analysis will increase.

Analysis 3—Combination of Factor I, & I,

[0120] As can be seen in FIG. 12, the Analysis 1 has a
tendency to underestimate the results for small earth resis-
tances and analysis 2 has a tendency to overestimate the result
for small earth resistances. To compensate for these two short
falls, the two analysis techniques have been averaged to find
the best result.

[0121] From these results the upper limit for determining
an error shall be when the result is greater than 2 (i.e., the
impedance of the neutral plus active is greater than 2 Ohms).
As an additional testing technique, the values of this result
should be stored within the meter. If the result exceeds a
predefined delta change, then the installation should be inves-
tigated or disconnected.

1 1 -
Result = E(Analysisl) + z(AnalysisZ) (3337

L(Vig=Vin) 1 Vigg = Vi
Result:z( al ]+ ( il ]

I, 2 1,

L(Vier =V Vi = Vi
Result = E(f— + f—]

a In
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-continued
L((Vier = Vi)l (Vier = Vila
Result = 5( L + T ]

1 (Vs = Vo)l + 1,
Result = _(w]
2 1.1,

[0122] The analysis shown above will calculate the value
for the active plus neutral impedance. The analysis of this
equation is shown in FIGS. 11 to 14.

[0123] For small values of Z, and Z,, the result from the
analysis will tend to underestimate actual values.

[0124] Analysis 3 is the preferred method for analysing the
condition of the active and neutral, but this test requires a
disconnection. This test would generally be completed in the
middle of the night as part of a planned test, or following a
fault which causes a customer interruption to minimise cus-
tomer disruptions. The method described hereinafter in rela-
tion to an Advanced Resistance Test has the capacity to com-
plete this test without the need for a disconnection.

Advanced Resistance Test

[0125] The problem with the method described in relation
to the Simple Resistance Test is that a disconnection to the
customer is required. However, this test can be optimised to
be done without any interruptions to customers, meaning it
can be completed in real time, under live conditions.

[0126] Inthe Simple Resistance Test method, it uses the no
load conditions to set a reference for which to compare to.
However, this is not preferable as it requires the customer to
be disconnected. In this Advanced Resistance Test, an alter-
native is to use the present load on the customer premises as
the reference just prior to a switching event. Therefore the
conditions just prior to the switching event would be the
reference, and the values just after would be the measured
values. An example of these switching events are the turning
off or on of the following equipment:

1. Air conditioner (~2000 W)
2. Toaster (~1000 W)
3. Kettle (~1000 W)
4. Heater (~1500 W)
5. Light Bulb (~100 W)

[0127] Asthemeter has no way of forcing a switching event
to occur (unless it is an electric hot water service controlled by
the meter), the meter needs to store historical data of the meter
voltage and currents. When the switching event occurs (it can
be an increase or decrease in load), the meter can use the
historical data as a reference. It should be noted that variations
to supply voltage and current at the transformer (from other
customers) may reduce the accuracy of this test. Therefore it
is recommended that a series of results are analysed, rather
than a single result.

[0128] Therefore, the equations to analyse the line imped-
ances can be written as follows:

[0129] V,=Historical meter Voltage
[0130] V,7=Present meter Voltage
[0131] I=Historical active current
[0132] I /7=Present active current
[0133] 1,=Historical neutral current
[0134] I 7=Present neutral current
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AV, =Vi_vp (38)-(41)
Al =1"— 7
Al, =1 =17
1AV, - (AL, +AlL)
Result= E( AL AT )

[0135] With the introduction of this testing methodology,
the contactor switch 27 on the active conductor 14 is not
required to determine the resistance of the active and neutral
conductors, nor to detect reverse polarity.

[0136] In addition, if it was acceptable to reduce the accu-
racy of the testing slightly, then the neutral detection coil 26
wouldnot be required to detect the resistance of the active and
neutral conductors. However, if this coil 26 were removed,
then reverse polarity could not be detected. The equation (42)
shown below demonstrates how the approximate resistance
of'the active and neutral conductors can be calculated by only
using V,,, and 1. This is an alteration to the equations (23) to
@7.

AV, 42)

a

Result =

[0137] A final test should check if the supply voltage is
within the electricity distribution code. If the voltage across
the source falls outside this range, then the premise may need
to be disconnected from supply.

[0138] AstheSIR’sallow for a 10% voltage drop within the
customer’s installation, this shall be used to provide the mini-
mum allowable voltage before the customer is disconnected.

V =216 - 10% = 196V

[0139] Therefore, once the voltage across the electricity
meter reads less than 196V, the customer should be discon-
nected or the utility notified of a possible fault.
[0140] The described embodiments of this invention have
many benefits, some of which are:

[0141] Increased Safety:

[0142] Avoid fatalities and electric shocks caused by
reverse polari

[0143] Avoid fatalities and electric shocks caused by
deteriorated neutral connections

[0144] Avoid fatalities and electric shocks caused by
deteriorated customer earths

[0145] Reduced costs:

[0146] Avoid NST testing the entire population of LV
services every 10 years

[0147] Schedule replacement of LV services prior to
failure, therefore reducing the replacement costs.

[0148] Improve reliability:

[0149] Schedule replacement of LV services prior to
failure, therefore avoiding customer outages in fault
conditions.

[0150] Improved Image:

[0151] Highlights electricity distributors as being pro-
active

[0152] Improves relations between regulators and dis-
tributors

[0153] Improved customer satisfaction.
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[0154] It will be seen that it is theoretically possible to
analyse the integrity of the neutral connection and the cus-
tomer’s earth within the requirements of the electricity dis-
tribution code. In addition it is possible to detect the presence
of'a reverse polarity condition. If the meter detects any of the
above conditions, it can then safely disconnect the customer
premises from supply via the output contactors within the
electricity meter.

[0155] The techniques involved do not rely on the electric-
ity meter for detection of these events as the capability could
bebuilt into its own separate device. However, it is recognised
that as the electricity meter already contains many of the
components, it is appropriate to use the existing electronic
meter and add the additional switching or other functionality
required in addition to the required logic within the device.

[0156] From the above detailed analysis, shown below is a
summary of the analysis techniques.

TABLE 3

When Test Result Condition Detected

Initialisation Initialisation Test Current >0 Reverse Polarity

Real-Time Low Voltage Voltage <196V Active or Neutral or
Earth Failure
TABLE 4

Advanced

Resistance Current Ratio
When  Test Test Condition Detected
Real- NA Ratio <0 Active/Neutral Short
Time
Real- NA Ratio =0 Broken Neutral
Time
Real- >2 0 <Ratio <0.94 Neutral Fail as degraded
Time
Real- NA Ratio =1 'Broken Customer Earth
Time
Real- NA Ratio > 1 2Reverse Polarity (or

Time illegal Cust. Connection)

Real- NA Ratio = : Active/Customer Short
Time

Real- >2 0.94 [ Ratio <1 Active Fail as degraded
Time

Real- <2 0.94 [ Ratio <1 System Normal

Time

Note:

This result may be produced by the lack of sensitivity in measuring equipment.
Note:

2A value of 1.1 will avoid any false tripping from equipment inaccuracy.

[0157] It will be appreciated that it is not ideal to cause a
customer to experience multiple momentary interrup-
tions for Direct Resistance testing. Therefore it may be
necessary to store the last test date, and the resistance
ratio results. This can then be used for future analysis.

[0158] The electricity meter may need to have an over-
ride to avoid performing tests in certain locations. An
alternative option is to be able to reduce/increase the
detection limits. Further, there are a lot of small varia-
tions that can be done to increase detection performance
and avoid unnecessary disconnection. Also, the current/
voltage detection coil may not be sensitive enough for
the requirements of this testing methodology. Addition-
ally, the contactor switch on the neutral needs to be
capable of isolating under full fault loading.
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1. A method for detecting predetermined fault conditions
associated with the supply of AC electrical power to a con-
sumer, the supply having an active conductor and a neutral
conductor, the neutral conductor being connected to earth, the
method comprising the steps of:

providing a first current detector associated with the active

conductor;

providing a second current detector associated with the

neutral conductor;

providing a voltage detector to detect voltage between the

active conductor and the neutral conductor;

checking a current ratio of neutral current to active current

whereby the current ratio is indicative of a predeter-
mined fault condition.

2. A method according to claim 1 wherein a normal con-
nection without any faults is indicated by the current ratio
beingless than 1 as the neutral current will always be less than
the active current.

3. A method according to claim 1 wherein the predeter-
mined fault condition is a reverse polarity connection indi-
cated by the current ratio being greater than 1.

4. A method according to claim 1 wherein the predeter-
mined fault condition is a broken neutral indicated by the
current ratio being equal to zero as all incoming current on the
active conductor exits through earth so that zero current
appears on the neutral conductor.

5. A method according to claim 1 wherein the predeter-
mined fault condition is a broken customer earth with a nor-
mal polarity indicated by the current ratio being equal to 1.

6. A method according to claim 1 wherein the predeter-
mined fault condition is a broken customer earth with a
reverse polarity indicated by the current ratio being equalto 1.

7. A method according to claim 1 wherein the predeter-
mined fault condition is a short circuit present between the
active conductor and the neutral conductor indicated by the
current ratio being equal to minus infinity.

8. A method according to claim 1 wherein the predeter-
mined fault condition is a short circuit present between the
active conductor and earth indicated by the current ratio being
equal to infinity.

9. A method according to claim 1 further comprising pro-
viding a contactor switch in the active conductor to and pro-
viding a second contactor switch in the neutral conductor to
enable remote disconnection of the consumer by the supply
authority.

10. A system for detecting one or more predetermined fault
conditions associated with the supply of AC electrical power
to a consumer, the supply having an active conductor and a
neutral conductor, the neutral conductor being connected to
earth, the system comprising:

afirst current detector associated with the active conductor;

a second current detector associated with the neutral con-

ductor;

a voltage detector to detect voltage between the active

conductor and the neutral conductor; and

a contactor switch in the active conductor.

11. A system according to claim 10 wherein the one or
more predetermined fault conditions includes reverse polar-
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ity whereby the contactor switch in the active conductor is
opened and any current detected on the neutral connection
indicates a said reverse polarity.

12. A system according to claim 11 further comprising a
second contactor switch in the neutral conductor to enable the
neutral conductor to be disconnected from the supply by
opening the second contactor in the event that a reverse polar-
ity is detected.

13. A system according to claim 12 wherein the contactor
switch in either or both of the active conductor and the neutral
conductor is controlled by the supplier of the AC electrical
power.

14. A system according to claim 10 in which the one or
more predetermined fault conditions include any of a broken
neutral conductor, a broken customer earth connection, a
short circuit between the active conductor and neutral con-
ductor in the low voltage supply line, and a short circuit
between the active conductor and the consumer earth connec-
tion.

15. A system according to claim 14 where the predeter-
mined fault condition is a broken neutral conductor, all
incoming current on the active conductor exits the through the
earth connection and zero current exist through the neutral
conductor, such that the second current detector shows a zero
current flow.

16. A system according to claim 14 where the predeter-
mined fault condition is a broken customer earth that is
detected by measuring the current on each of the active con-
ductor and the neutral conductor.

17. A system according to claim 16 where the predeter-
mined fault condition is a broken customer earth and the
connection is normal polarity, detection of the broken cus-
tomer earth occurs when the current on the active conductor
exits through the neutral conductor and therefore is of the
same magnitude as the active conductor current.

18. A system according to claim 16 where the predeter-
mined fault condition is a broken customer earth and the
connection is reverse polarity, detection of the broken cus-
tomer earth occurs when the current on the neutral conductor
exits through the active conductor and therefore is of the same
magnitude as the neutral conductor current.

19. A system according to claim 14 where the predeter-
mined fault condition is a short circuit between the active
conductor and neutral conductor, the detection of which
occurs when the second current detector detects current flow-
ing through the neutral conductor and the consumer’s meter
in a reverse direction and when the first current detector does
not detect any current in the active conductor.

20. A system according to claim 14 where the predeter-
mined fault condition is a short circuit between the active
conductor and earth, the detection of which occurs when the
second current detector detects current flowing through the
neutral conductor and the consumer’s meter in a forward or
positive direction and when the first current detector does not
detect any current in the active conductor.
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