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EXECUTIVE SUMMARY

BHP own and operate numerous iron ore mines located in the Pilbara region of Western Australia.
The township of Newman is located approximately 1,200 km to the north of Perth and the town's
electricity network is owned, governed and operated by BHP Supply Authority (BHPSA).

In accordance with Western Australia Electricity Industry Code 2005 (the Code), the electrical supply
authority must publish a report setting out the information described in Schedule 1 of the Code, with
respect fo each year ending on the 30" of June. This document, known as the Annual Compliance
Report, is to provide the full suite of information ouflined in Schedule 1 of the Code, pertaining to
Network Quality and Reliability of Supply.

The methodology adopted to examine compliance/non-compliance with the Code utilises the
following sources of information:

e Power quality data measured from the Newman 0.415 kV network over a period of seven
calendar days or more; and

¢ Outage data and other relevant information provided by the network operator (BHPSA).
The Code is written in four parts plus a reporting-requirements schedule:

e Part I: Preliminary information associated with terms of reference.

e Part 2: Quality and reliability standards (further partitioned into 4 divisions).

e Part 3: Payment to customers for lack of regulatory adherence.

e Part 4: Incidental duties as a Supply Authority.

e Schedule 1: Information to be published in this report.

This Annual Compliance Report presents the relevant parts of the Code listed above, in particular:

e Power quality criteria pertaining to Newman'’s distribution network (measured across eight
feeders supplying the town, four of which originating from the Township Zone Substation and
the remaining four originating from South Town Zone Substation); and

e The reportable requirements as outlined in Part 2 and Schedule 1 of the Code, for the 2020/21

Financial Year (FY).

With regards to the site measurements, the average values of electrical parameters were logged
over a period of seven days, at 5-minutes intervals. PQ indices were then calculated and found to
be, in large, well within the limits stipulated by the Code. That is, the averages of the following
parameters are proven to meet the Code’s requirements:

e Voltage Flicker (short- and long-term criteria);
e RMS Voltage Magnitude;
e Power System Frequency; and

e Voltage Total Harmonic Distortion (U-THD).
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The following compliance issues were however identified:

e Voltage Flicker: An improvement in the number of short-term and long-term voltage
fluctuation limit breaches (2 short-term and 2 long-term breaches) described in AS61000:2001
was recorded compared o the logging periods for previous five years.

¢ RMS Voltage Magnitude: A relatfively similar number of voltage level breaches (three
undervoltage breaches) were observed compared to the logging periods for the previous
three years. Given the temporary and random nature of the breaches, it is not deemed of a
practical concern at this stage, but it isrecommended that this parameter be monitored over
the coming years.

e Power System Frequency: Two under frequency breaches of the limits described in the
Electricity Act of 1945 Section 25(1)(d) were recorded during the logging period. As these
events appear fo be isolated and constitute a very small fraction (less than 0.1%) of the totall
measurement period, it is not deemed of a practical concern atf present.

e U-THD: Zero U-THD breaches of the limits described in Part 2, Division 1, Section 7 of the Code
were recorded during the logging period. There is an improvement in the breaches of U-THD
compared to the previous three years.

Reportable parameters for Newman Township Electricity Supply over the 2020/2021 FY (as outlined in
the ‘Schedule 1’ of the Code) are presented below:

= >]2-hour inferruptions: In 2020/2, one network interruption which exceeded 12 hours was
recorded. Temporary generators were used to supply Newman Airport during the outage.

=  No small use customer was disconnected from the network more than the maximum number
of times permitted by the Code (i.e., limit of 16 times per year).

= No power quality and reliability related complaints were received from customers during FY
2020/2021.

= The key reliability indices are calculated as listed below:

e Customer Average Interruption Duration Index (CAIDI) of 182.82 minutes — CAIDI is a
measure of the average outage duratfion or average outage restoration time. [If is
defined as “The sum of the durations of sustained! customer interruptions divided by
the total number of sustained customer interruptions”].

e System Average Interruption Frequency Index (SAIFI) of 1.96 interruptions — SAIFl is the
average number of inferruptions per customer served. [It is defined as “the total
number of sustained customer interruptions divided by the total number of customers
served”].

e Average Service Availability Index (ASAI) of 99.93% — ASAl is the perceived availability
of the network to the customers.

e System Average Interruption Duration Index (SAIDI) of 354.91 minutes — SAIDI is the
average outage duration for each customer served. [If is defined as “the sum of

! By “sustained” we mean only interruptions lasting 1 minute or longer. (Momentary) Outages lasting less than 1 minute are not included in the
index. Planned outages and some other types of outages are also excluded from this index. This note also applies to the SAIFI and SAIDI indices.
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duratfions of sustained customer interruptions divided by the tfotal number of
customers served”].

An increase is observed in majority of the reliability indices when compared to the previous
years.

In summary, the metering data collected from the 16 locations throughout the Newman Township
network indicate that the power quality is, in large, within the limits stipulated by the Code. The
reliability indices CAIDI, SAIFI and SAIDI saw a marked deterioration this year as compared to previous
years. It is recommended that the cause of number of faults/unplanned outages and duration be
investigated. However, the overall network performance is still considered to be satisfactory.
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1. INTRODUCTION

The township of Newman is located approximately 1,200 km to the north of Perth; the town's
electricity network is owned, governed and operated by BHP Supply Authority (BHPSA). The network
encompasses the township of Newman, Newman Airport, Capricorn Roadhouse, town water supply
bore field, Mt Whaleback iron ore mine, and several smaller satellite mines in the adjacent areas.

At present, the township of Newman includes 2,501 registered premises comprised of a mixture of
residential and commercial customers.

According to Western Australia Electricity Industry (Network Quality and Reliability of Supply) Code
2005 (the Code), an electricity distributor must prepare a report setting out the information described
in Schedule 1 of the Code, in respect to each year ending on the 30t June.

This Annual Compliance Report presents all information required by “Schedule 1 — Information fo be
published”, relating to supply of electricity, for the period of 1st July 2020 to 30t of June 2021.
Measurement information is based on sampled data and outlined in Section 6, whereas outage
information is based on data provided by BHPSA and outlined in Section 7.

The compliance statistical analysis has focused solely on Newman Township and the key
infrastructure adjacent fo the fownship. The electrical network supplying the BHP mining operation
and the surrounding mine leases have not been assessed in this report.
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2. ASSUMPTIONS

The terminologies used throughout this compliance report are as defined in the Western Australia
Electricity Industry (Network Quality and Reliability of Supply) Code 2005 (the Code).

The logging information gathered over the limited period is indicative of the performance of the
network over the complete financial year (2020/2021 FY).
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3. METHODOLOGY

The electricity supply compliance review entailed the following processes:

1.

o

Retrieving data from permanently(SEL735) and temporary(Hioki 3196 & 3198) PQ loggers
installed at the beginning and end of the 11 kV feeders emanating from the Town and
Southtown Substations (a total of 16 loggers, 2 for each feeder were installed). Each PQ
logger is on the low voltage (LV) side of pad-mounted fransformers. The measuring period for
each location lasted around 7 days, between April to June 2021. The PQ measurements were
undertaken in accordance with AS 61000.4.30:2007, Annex A (Power Quality Measurements).

Interpretation and analysis of the logged PQ data using HIOKI 3196 & 3198 PQ Analyser and
SEL735 PQ meters.

The receipt of the following information from BHPSA:

¢ Network outage information for planned and forced outages for the Newman Township
during the 2020/2021 FY as well as information on customer complaints.

e Expenditure information on programs directed to improve/maintain reliability or power
quality of the network.

Identification of any breaches of the Code’s provisions and Electricity Act 1945.
Statistical analyses and review of network performance.

Preparation of a compliance report that fulfils the requirements outlined in the Code.
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4. NEWMAN TOWNSHIP PQ MONITORING
4.1. PQ DEVICE SPECIFICATION

The equipment used to undertake the PQ logging was a mixture of permanently installed SEL735 PQ
meters and temporary installations of HIOKI 3198/3196 loggers. The SEL and Hioki devices can
measure multiple waveforms and transient events simultaneously using 4 voltage channels and 4
current channels per device. The measurements obtained from the loggers are then exiracted and
analysed with the accompanying analysis software (HIOKI 2624 V2.50) and csv format.

4.2. PQ DEVICE LOCATIONS AND IN-SERVICE PERIODS

A total of 16 PQ loggers(14 SEL735 and 2 Hioki 3196/3198) were deployed across 15 locations on the
Newman TC1, TC2, TC3, TC4, STS1, STS2, STS4 and STSé feeders. The installation locations and times are
as listed in Table 1. Figure 1 presents a colour-coded single line diagram of the eight Newman
township feeders. Shaded circles indicate the locations at which the PQ loggers were temporarily
located. All loggers were installed on pad-mount transformers (on the LV, or secondary side), due to
the difficulty and safety issues of installing the loggers on pole-top transformers.

Table 1 | PQ Logger Locations

START/END OF SUBSTATION

Start PS28 23/04/2021 00:00 30/04/2021 00:00
End PS68 23/04/2021 00:00 30/04/2021 00:00
Start PS10 23/04/2021 00:00 30/04/2021 00:00
12 End PS14 23/04/2021 00:00 30/04/2021 00:00
Township
Start PS108 05/05/2021 00:00 12/05/2021 00:00
e End PS69 21/05/2021 00:00 28/05/2021 00:00
Start PS115 23/04/2021 00:00 30/04/2021 00:00
e End PS15 23/04/2021 00:00 30/04/2021 00:00
Start PS94 23/04/2021 00:00 30/04/2021 00:00
o End PS25 21/05/2021 00:00 28/05/2021 00:00
Start PS60 23/04/2021 00:00 30/04/2021 00:00
o2 End PS98 01/06/2021 12:28 08/06/2021 12:28
South Town
Start PS111 21/05/2021 00:00 28/05/2021 00:00
ST End PS121 13/06/2021 00:00 20/06/2021 00:00
Start PS129 07/05/2021 00:00 14/05/2021 00:00
316 End PS122 23/05/2021 00:00 29/05/2021 00:00
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*Note: There was a power outage on 23/04/2021 at 13:30 to 18:00 on FEEDER TCT1, TC2, STS1 and STS2.
The PQ data during that fime has not been considered against compliant and non-compliant
standards due to the power outage. During the switching of the feeders, the flickers, low voltage
levels, frequency and U-THD has not been included in the analysis of the PQ data.
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Figure 1 | Single Line Diagram of the Newman township (shaded circles indicate the location of PQ loggers)
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4.3. PQ DEVICE SETUP
4.3.1. HIOKI 3196/3198

The setup of the PQ loggers was as per the relevant HIOKI instruction manual. As shown in the
frequency and voltage fime-based PQ plots in Appendix B, three values have been logged and
plotted: the maximum RMS, the average RMS and the minimum RMS value over the recording
interval. The recording interval setup in the PQ loggers was five minutes. That is, over the course of
the in-service days the PQ loggers sampled various fime-based parameters (e.g., Hz, U and |) at five
minutfes per sample; and at the end of every sampling interval the three RMS values where recorded.

Figure 2is an extract from the HOIKI instruction manual depicting the sampling and interval-recording
of maximum, average and minimum RMS values.

SYSTEM_DF1 [RECORD] TIME PLOT Interval (setting period)

Approx. 200 ms aggregation (30 Hz: 10 cycles, 60 Hz: 12 cycles)

WA AR SARy A - R
<L < - S L <L

I

H

M3 value 1 | RMS value 2 | RMS value 3 ] ———————— | WS value N |
| | I

1

!

-..__,l_.- Example
| MAX RMS vislue l BVG RMS vishse ] MIN RMS vaue ] when interval 1min
Recording Recording Recaording =i

Figure 2 | Sampling and interval recording philosophy used in the Hioki PQ loggers (from Hioki Manual)

4.3.2. SEL735

The SEL735 PQ meters are permanently installed meters and have been setup by BHP. These were
installed at 14 of 16 feeder locations.
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5. COMPLIANCE REQUIREMENTS

This section summarises the Compatibility Levels to which a ‘Distributors’ electrical network is to
comply, as outlined in the Code.

5.1. VOLTAGE FLUCTUATIONS
5.1.1. FLICKER

The Code specifies that flicker shall comply with long- and short-term flicker ‘compatibility levels’ as
per AS 61000:2001. The compatibility levels are shown below in Table 2, and are a measure of the
voltage quality limits over a 10 minute and two-hour interval for short (Pst) and long term (Pw) flicker,
respectively.

Table 2 | Short and long-term flicker limits

COMPATIBILITY LEVEL VALUE

Short Term (Pst) 1.0

Long Term (Pw) 0.8

5.1.2. VOLTAGE LEVELS

In accordance with AS 3000:2018 the voltage levels of the electrical network must be maintained
between +10%/-6% of the nominal 240 V single-phase supply voltage.

5.2. FREQUENCY

The Code specifies that the frequency fluctuation shall adhere to the Electricity Act 1945 with the
level to be maintained at £2.5% of 50 Hz.

5.3. VOLTAGE TOTAL HARMONIC DISTORTION

Part 2, Division 1, Section 7 of the Code specifies that the voltage total harmonic distorfion (U-THD)
must, as far as is reasonably practical not exceed 8%. Individual odd and even harmonic
components are not to exceed the values shown below in Table 3.
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Table 3 | Harmonic compatibility levels (in percentage of nominal voltage)

EVEN HARMONICS ODD HARMONICS (MULTIPLES OF 3) LD RELELTES (IS LI-AILIHES

T
HARMONIC HARMONIC HARMONIC
el VOLTAGE (%) SRRER VOLTAGE (%) SRRER L VOLTAGE (%)
2 2 3 5 5 6
4 ] 9 15 7 5
6 0.5 15 03 1 35
8 05 21 02 13 3
10 0.5 21 02 17 2
12 0.2 19 15
12 0.2 23 15
25 15
>25 0.2+ 1.3(25/h)

5.4. POWER INDUSTRY RELIABILITY INDICATORS

As per Schedule 1, Clause 11 (a) to (d) of the Code, a number of reliability indicators (e.g. interruption
durations and number of interruptions) are required to be reported. To achieve the Code’'s
requirement, the following standard utility reliability indices have been used.

5.4.1. CUSTOMER AVERAGE INTERRUPTION DURATION INDEX (CAIDI)

Customer Average Interruption Duration Index is defined as the sum of the duration of each sustained
customer interruption (in minutes) divided by the total number of sustained customer interruptions.

Y, Customer Interruption Durations  SAIDI
CAIDIyinutes = =

Y. Customer Interruptions ~ SAIFI

5.4.2. SYSTEM AVERAGE INTERRUPTION FREQUENCY INDEX (SAIFI)

System Average Interruption Frequency Index is defined as the sum of each sustained distribution
customer interruption (number of interruption events) attributable to the distribution system divided
by the number of distribution customers served.

Y. Number of Sustained Distribution Customer Interruptions
SAIF lyjinutes =

Y. Number of Distribution Customers Served

5.4.3. AVERAGE SERVICE AVAILABILITY INDEX (ASAl)

Average Service Availability Index is the percentage of tfime that the service is available to the
network customers in a reportable year.

SAIDIHours

ASAlpercent = 1 — 8760
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5.4.4. SYSTEM AVERAGE INTERRUPTION DURATION INDEX (SAIDI)

System Average Interruption Duration Index is defined as the sum of the duration of each sustained
distribution customer interruption (in minutes) attributable to the distribution system divided by the
number of disfribution customers served.

Y. Sustained Distribution Customer Interruption Durations
SAIDIyinutes =

Y. Number of Distribution Customers Served
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6. SITE MEASUREMENTS (PQ LOGGER DATA)

The following sections describe the results and notable PQ events recorded during the 2020/21
logging period for each of the eight feeders included in the audit.

6.1. FEEDER TCI

The PQ logger at the start of the TC1 feeder was installed at the PS28 Library substation between
23/04/2021 and 30/04/2021 while the PQ logger at the end of the TC1 feeder was installed at the
PSé8 Capricorn Oval substation between 23/04/2021 and 30/04/2021. As shown in Figure 1 (Orange),
TC1 originates from the Town substation. The TC1 feeder supplies a number of older distribution
substations.

6.1.1. FLICKER

The logged flicker data for the start and end of the TC1 feeder is shown from Figure 14 to Figure 15in
Appendix B.1. There were no recorded flicker limit events causing the flicker level to breach the
Code’s limits (i.e. full compliance with the Code requirements).

6.1.2. VOLTAGE

The logged voltage level data for the start and end of the TC1 feeder is shown from Figure 16 to
Figure 17 in Appendix B.1. Table 4 below shows the recorded breach events during the logging
period.

Table 4| Feeder TC1 Voltage Breach Event Details

LOCATION | PHASE(S) DA..I.rIEMAEND VOLTAGE EVENT DETAILS/MAGNITUDE

TC1 Start 23/04/2021

(PS28) 19:25:00 Undervoltage limit (-6%) exceeded: R=224.69 V,

6.1.3. FREQUENCY

The logged frequency data for the start and end of the TC1 feeder is shown in Figure 18 to Figure 19
in Appendix B.1. There were no recorded frequency limit events causing the frequency level to
breach the Code’s limifs (i.e. full compliance with the Code requirements).

6.1.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the TC1 feeder is shown from Figure 20 to
Figure 21 in Appendix B.1. There were no recorded voltage THD limit events causing the voltage THD
level fo breach the Code’s limits (i.e. full compliance with the Code requirements).
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6.1.5. HARMONICS

The logged harmonic data for the start and end of the TC1 feeder is shown from Figure 12 to Figure
23 in Appendix B.1. A summary of non-compliant harmonics and the scale of non-compliances is
shown in Figure 3 and Figure 4.

*Note: There was a power outage on 23/04/2021 at 13:30 to 17:30 on FEEDER TC1. The PQ data during
that time has not been considered against compliant and non-compliant standards due to the
power outage.
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6.2. FEEDER TC2

The PQ logger at the start of the TC2 feeder was installed at the PS10 McLennan Drive substation
between 23/04/2021 and 30/04/2021 while PQ logger at the end of the TC2 feeder was installed at
the PS14 Bondini Drive substation between 23/04/2021 and 30/04/2021. As shown in Figure 1 (Cyan),
TC2 originates from the Town substation.

6.2.1. FLICKER

The logged flicker data for the start and end of the TC2 feeder is shown from Figure 24 to Figure 25 in
Appendix B.2. There were no recorded flicker limit events causing the flicker level to breach the
Code’s limits (i.e., full compliance with the Code requirements).

6.2.2. VOLTAGE

The logged voltage level data for the start and end of the TC2 feeder is shown from Figure 26 to
Figure 27 in Appendix B.2. There were no noted voltage limit events causing the voltage level to
breach the Code’s limifs (i.e., full compliance with the Code requirements).

6.2.3. FREQUENCY

The logged frequency data for the start and end of the TC2 feeder is shown in Figure 28 to Figure 29
in Appendix B.2. There were no recorded frequency limit events causing the frequency level to
breach the Code'’s limits (i.e. full compliance with the Code requirements).

6.2.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the TC2 feeder is shown from Figure 30 to
Figure 31 in Appendix B.2. There were no recorded voltage THD limit events causing the voltage THD
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.2.5. HARMONICS

The logged harmonic data for the start and end of the TC2 feeder is shown from Figure 32 to Figure
33 in Appendix B.2. A summary of non-compliant harmonics and the scale of non-compliances is
shown in Figure 5.

*Note: There was a power outage on 23/04/2021 at 13:30 to 17:30 on FEEDER TC2. The PQ data during
that time has not been considered against compliant and non-compliant standards due to the
power outage.
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6.3. FEEDER TC3

The PQ logger at the start of the TC3 feeder was installed at the PS108 Les Tutt Drive substation
between 05/05/2021 and 12/05/2021 while the PQ logger at the end of the TC3 feeder was installed
at the PS69 Giles Avenue substation also between 21/05/202 and 28/05/2021. As shown in Figure 1
(Purple), TC3 originates from the Town substation.

6.3.1. FLICKER

The logged flicker data for the start and end of the TC3 feeder is shown from Figure 34 to Figure 35 in
Appendix B.3. There were no recorded flicker limit events causing the flicker level to breach the
Code’s limits (i.e. full compliance with the Code requirements).

6.3.2. VOLTAGE

The logged voltage level data for the start and end of the TC3 feeder is shown from Figure 36 to
Figure 37 in Appendix B.3. There were no recorded voltage limit events causing the voltage level to
breach the Code'’s limits (i.e. full compliance with the Code requirements).

6.3.3. FREQUENCY

The logged frequency data for the start and end of the TC3 feeder is shown in Figure 38 to Figure 39
in Appendix B.3. There were no recorded frequency limit events causing the frequency level to
breach the Code’s limits (i.e. full compliance with the Code requirements).

6.3.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the TC3 feeder is shown from Figure 40 to
Figure 41 in Appendix B.3. There were no recorded voltage THD limit events causing the voltage THD
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.3.5. HARMONICS

The logged harmonic data for the start and end of the TC3 feeder is shown from Figure 42 to Figure
43 in Appendix B.3. No non-compliant harmonics were recorded for the recording period.
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6.4. FEEDER TC4

The PQlogger at the start of the TC4 feeder was installed at the PS115 substation between 23/04/2021
and 30/04/2021 while the PQ logger at the end of the TC4 feeder was installed at the PS15 Karrawan
Way substation between 21/05/2021 and 28/05/2021. As shown in Figure 1 (Green), TC4 originates
from the Town substation.

6.4.1. FLICKER

The logged flicker data for the start and end of the TC4 feeder is shown from Figure 44 to Figure 45 in
Appendix B.4. Table 5 below lists the recorded breach events during the logging period.

Table 5 | Feeder TC4 Voltage Breach Event Details

LOCATION | PHASE(S) DA.ITIEMAEND VOLTAGE EVENT DETAILS/MAGNITUDE

23/04/2021
T% ]Eg)d R 19:20:00- Py limit (0.8) exceeded: R=0.93
19:25:00

6.4.2. VOLTAGE

The logged voltage level data for the start and end of the TC4 feeder is shown Figure 46 to Figure 47
in Appendix B.4. Table 6 below lists the recorded breach events during the logging period.

Table 6 |Feeder TC4 Voltage Breach Event Details

LOCATION | PHASE(S) DAIIiAAEND VOLTAGE EVENT DETAILS/MAGNITUDE

TC4 Start 23/04/2021

(PS115) 19:25:00 Undervoltage limit (-6%) exceeded: W=224.81 V

6.4.3. FREQUENCY

The logged frequency data for the start and end of the TC4 feeder is shown Figure 48 to Figure 49 in
Appendix B.4. There were no recorded frequency limit events causing the frequency level to breach
the Code'’s limits (i.e. full compliance with the Code requirements).

6.4.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the TC4 feeder is shown Figure 50 to Figure
51 in Appendix B.4. There were no recorded voltage THD limit events causing the voltage THD level
to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.4.5. HARMONICS

The logged harmonic data for the start and end of the TC4 feeder is shown from Figure 52 to Figure
53 in Appendix B.4. No non-compliant harmonics were recorded for the recording period.
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6.5. FEEDER STS1

The PQ logger at the start of the STS1 feeder was installed at the PS94 Pardoo Street substation
between 23/04/2021 and 30/04/2021 while the PQ logger at the end of the STS1 feeder was installed
at the PS25 Laver Street substation also between 21/05/2021 and 28/05/2021. As shown in Figure 1
(Lime Green), STS1 originates from the South Town substation.

6.5.1. FLICKER

The logged flicker data for the start and end of the STS1 feeder is shown from Figure 54 to Figure 55
in Appendix B.5. There were no recorded flicker limit events causing the flicker level to breach the
Code’s limits (i.e., full compliance with the Code requirements).

6.5.2. VOLTAGE

The logged voltage level data for the start and end of the STS1 feeder is shown from Figure 56 to
Figure 57 in Appendix B.5. There were no recorded voltage limit events causing the voltage level to
breach the Code’s limifs (i.e., full compliance with the Code requirements).

6.5.3. FREQUENCY

The logged frequency data for the start and end of the STS1 feeder is shown in Figure 58 to Figure 59
in Appendix B.5. There were no recorded frequency limit events causing the frequency level to
breach the Code’s limits (i.e., full compliance with the Code requirements).

6.5.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the STS1 feeder is shown Figure 60 to Figure
61 in Appendix B.5. Appendix B.4. There were no recorded voltage THD limit events causing the
voltage THD level to breach the Code’s limits (i.e., full compliance with the Code requirements).

6.5.5. HARMONICS

The logged harmonic data for the start and end of the STS1 feeder is shown Figure 62 to Figure 63 in
Appendix B.5. No non-compliant harmonics were recorded for the recording period.
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6.6. FEEDER STS2

The PQ logger at the start of the STS2 feeder was installed at the PS40 Forrest Avenue substation
between 23/04/2021 and 30/04/2021 while the PQ logger at the end of the STS2 feeder was installed
at the PS98 Newman Drive substation between 01/06/2021 and 08/06/2021. As shown in Figure 1
(Grey), STS2 originates from the South Town substation.

6.6.1. FLICKER
The logged flicker data for the start and end of the STS2 feeder is shown from Figure 64 to Figure 65
in Appendix B.6. Table 7 below lists the recorded breach events during the logging period.

Table 7 | Feeder STS2 Flicker Breach Event Details

LOCATION PHASE(S) DATE AND TIME FLICKER EVENT DETAILS/MAGNITUDE

STS2 End (PS98) W 04/06/2021 11:03:41 Psr limit (1.0) exceeded: W= 1.21

6.6.2. VOLTAGE

The logged voltage level data for the start and end of the STS2 feeder is shown from Figure 66 to
Figure 67 in Appendix B.6. Table 8 below lists the recorded breach events during the Logging Period:

Table 8 | Feeder STS2 Voltage Breach Event Details

LOCATION PHASE(S) DATE AND TIME Voltage EVENT DETAILS/MAGNITUDE

04/06/2021
STS2 End (PS98) W Undervoltage limit (-6%) exceeded: W=224.67V

10:58:41
6.6.3. FREQUENCY

The logged frequency data for the start and end of the STS2 feeder is shown in Figure 68 to Figure 69
in Appendix B.6. There were no recorded frequency limit events causing the frequency level to
breach the code’s limit. (Full compliance with the Code requirements).

6.6.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the STS2 feeder is shown from Figure 70 to
Figure 71 in Appendix B.é. There were no recorded voltage THD limit events causing the voltage THD
level to breach the Code’s limits (i.e. full compliance with the Code requirements).

6.6.5. HARMONICS

The logged harmonic data for the start and end of the STS2 feeder is shown from Figure 72 to Figure
73 in Appendix B.6. No non-compliant harmonics were recorded for the recording period.
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6.7. FEEDER STS4

The PQ logger at the start of the STS4 feeder was installed at the PS111 Hilditch Avenue substation
between 21/05/21 and 28/05/21 while the PQ logger at the end of the STS4 feeder was installed at
the PS121 Iron Ore Parade substation between 13/06/21 and 20/06/21. As shown in Figure 1 (Red),
STS4 originates from the South Town substation.

6.7.1. FLICKER
The logged flicker data for the start and end of the STS4 feeder is shown from Figure 74 to Figure 75
in Appendix B.7. Table ? below lists the recorded breach events during the logging period.

Table 9 | Feeder ST$4 Flicker Breach Event Details

LOCATION PHASE(S) DATE AND TIME FLICKER EVENT DETAILS/MAGNITUDE

STS4 End (PS121) 15/06/2021 12:49:44  Pstlimit (1.0) exceeded: W=1.08

6.7.2. VOLTAGE

The logged voltage level data for the start and end of the STS4 feeder is shown from Figure 76 to
Figure 77 in Appendix B.7. There were no noted voltage limit events causing the voltage level to
breach the Code’s limifs (i.e., full compliance with the Code requirements)

6.7.3. FREQUENCY

The logged frequency data for the start and end of the STS4 feeder is shown in Figure 78 to Figure 78
in Appendix B.7. There were no recorded frequency limit events causing the frequency level to
breach the Code'’s limifs (i.e., full compliance with the Code requirements).

6.7.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the STS4 feeder is shown Figure 80 to Figure
81 in Appendix B.7. There were no recorded voltage THD limit events causing the voltage THD level
to breach the Code’s limits (i.e., full compliance with the Code requirements).

6.7.5. HARMONICS

The logged harmonic data for the start and end of the STS4 feeder is shown from Figure 82 to Figure
83 in Appendix B.7. No non-compliant harmonics were recorded for the recording period.
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6.8. FEEDER STS6

The PQ logger at the start of the STS6 feeder was installed at the PS129 Moondoorow Street substation
between 07/05/2021 and 14/05/2021 while the PQ logger at the end of the STSé feeder was installed
at the PS122 Administration substation also between 23/05/2021 and 29/05/2021. As shown in Figure
1 (Yellow), STSé originates from the South Town substation.

6.8.1. FLICKER

The logged flicker data for the start and end of the STSé feeder is shown from Figure 84 to Figure 85
in Appendix B.8.

6.8.2. VOLTAGE

The logged voltage level data for the start and end of the STS6 feeder is shown from Figure 86 to
Figure 87 in Appendix B.8. There were no noted voltage limit events causing the voltage level to
breach the Code’s limits (i.e., full compliance with the Code requirements).

6.8.3. FREQUENCY

The logged frequency data for the start and end of the STSé6 feeder is shown in Figure 88 to Figure 89
in Appendix B.8. Table 10 below lists the recorded breach frequency events during the logging
period.

Table 10| Frequency Breach Events

LOCATION PHASE(S) DATE AND TIME Frequency EVENT DETAILS/MAGNITUDE

STS6 Start (129) R/W/B 07/05/2021 10:25:00 = Frequency dipped below lower limit (48.75) = 48.72

6.8.4. VOLTAGE THD

The logged voltage THD level data for the start and end of the STSé feeder is shown from Figure 90 to
Figure 91 in Appendix B.8. There were no noted voltage THD limit events causing the voltage THD
level to breach the Code’s limits (i.e., full compliance with the Code requirements).

6.8.5. HARMONICS

The logged harmonic data for the start and end of the STSé feeder is shown from Figure 92 to Figure
93 in Appendix B.8. No non-compliant harmonics were recorded on the feeder.
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7. RESPONSE TO THE CODE REQUIREMENTS

This section contains all the information required for compliance reporting as detailed in the Code
“Schedule 1 - Information to be published” and "“Part 2 — Quality and reliability standards”.

7.1. QUALITY AND RELIABILITY STANDARDS (PART 2)’
7.1.1. FLICKER (PART 2 DIVISION 1 QUALITY STANDARDS SECTION 6(2))

The voltage fluctuations (flicker) of electricity supplied must not exceed the compatibility levels for
long-term and short-term flicker as described in Section 5.1.1. Table 11 presents the results for the
previous four reporting periods together with the 2020/2021 result.

Given the results presented, a decrease in the issues of flicker breaches is observed over the
2020/2021 FY compared to the logging periods from the previous five years.

Table 11 | Total number of flicker level breaches

REPORTABLE PERIOD

2016/2017 2017/2018 2018/2019 2019/2020 2020/2021
0 8 17 15 2

Total short-term breaches Psr

Total long-term breaches Pir 0 0 4 36 2

7.1.2. VOLTAGE LEVEL (PART 2 DIVISION 2 QUALITY STANDARDS SECTION 8 NOTE(A))

The following information is not required as part of the reporting requirements of the Code. It has
been included here to provide a more complete indication of the network power supply quality. In
accordance with AS 3000:2018, the voltage levels of the electrical network must be maintained
between +10%/-6% of the nominal 240 V single-phase supply voltage.

Table 12 presents the results for the previous five reporting periods together with the 2020/2021 result.
Within the 2020/2021 FY logging period three separatfe voltage limit breaches were recorded, all of
which were undervoltage events (below -6% of 240 V). This shows a decrease in the number of
voltage breaches, and it is recommended to investigate the issue to reduce these breaches in the
upcoming year.

Table 12 | Total number of voltage level breaches

REPORTABLE PERIOD

2016/2017 2017/2018 2018/2019 2019/2020 2021/2021
0 4 8 5 3

Total voltage limit breaches
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7.1.3. FREQUENCY (PART 2 DIVISION 2 QUALITY STANDARDS SECTION 8 NOTE(B))

The Electricity Act of 1945 Section 25(1)(d) states that the frequency of electricity supplied must be
maintfained at +2.5% of 50 cycles per second. This information is not required as part of the reporting
requirements of the Code, but it has been included here to provide a more complete indication of
supply PQ.

Table 13 presents the results for the previous five reporting periods together with the 2020/2021 result.
Within the 2020/2021 FY logging period a two under-frequency events were recorded, however due
to the isolated and random nature of the events, the electricity supply is expected to fall within the
limits given above.

Table 13 | Total number of frequency level breaches

REPORTABLE PERIOD

escwenon | weommmermop
2016/2017 2017/2018 2018/2019 2019/2020 2020/2021

Total frequency limit breaches

7.1.4. HARMONICS (PART 2 DIVISION 1 QUALITY STANDARDS SECTION 7)

Within the Code, there are two measures for assessing the power quality of the Newman network.
The two measures are:

1. Assessment of individual harmonics and a comparison of their magnitudes against the table
in Part 2 Division 1 Section 7 of the Code; and

2. Assessment of the calculated Voltage Total Harmonic Distortion (U-THD) and a comparison of
its magnitude with the Code’s compliance value of 8%.

7.1.4.1. INDIVIDUAL VOLTAGE HARMONICS

Individual, non-compliant harmonics for each respective feeder are presented in Section 6.

7.1.4.2. VOLTAGE TOTAL HARMONIC DISTORTIONS

The voltage harmonic distortion levels of electricity supplied must not exceed the U-THD limit of 8%
stated in Part 2, Division 1, Section 7 of the Code. Table 17 presents the results for the previous five
reporting periods fogether with the 2020/2021 result. Within the 2020/2021 FY logging period, zero
breaches of U-THD were recorded. The average U-THD recorded within the same logging period was
consistently well below the 8% limit.

Table 14 | Total number of total harmonic distortion level breaches

REPORTABLE PERIOD

2016/2017 | 2017/2018 | 2018/2019 | 2019/2020 | 2020/2021
0 0 1 3 0

Total U-THD limit breaches
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7.2. REMEDIAL ACTIONS TAKEN FOR BREACHES (SCHEDULE 1 ITEM 4(B))

Newman BHPSA has a pro-active approach toward establishing and executing asset replacement
and improvement programs to sustain and improve power quality and reliability across the Newman
Township.

To ensure compliance with Australian regulations, BHPSA has undertaken annual PQ logging on the
11 KV supply feeders originating from both the South Town and Township substations during the
summer/autumn period. Improvements are implemented based on the PQ logging data results and
any complaints received from customers related to power quality issues.

Asset upgrades completed or in progress include:

e BHP have completed (on 30 June 2021) the installation of (14 of 16) permanent fixed SEL735
Advanced Power Quality and revenue meters at selected pad-mount substations fo improve
the logging process by providing year round access to power quality data including
harmonics. The installation of the remaining two units is expected to be completed in the first
Quarter of 2021/2022.

o Replacing aging assets ‘end of useful life' — fransformer T7 and pad-mount substations PSé61

¢ Closely monitoring the situation with respect to HV overhead line (main road) crossings and
high/oversized loads; BHP has made budgetary provision for undergrounding the relevant
sections of overhead line to address the issue.

¢ Considering the replacement of existing line interrupters with air-break switches (which have
load break capability). Project completion is 2021/2022 FY.

e BHPis considering the replacement of existing line interrupters (which cannot be switched on
load) with air break switches (which can be switched on load). This will provide a beftter
reliability of supply experience for customers during the day to day operation of the network.

e Upgrading the electricity supply to the town hospital as part of the overall hospital upgrade
project. This includes new network connection assets.

e Purchased a 300kVA trailer mounted (mobile) fransformer to help reduce transformer outage
fimes.

e BHP are continuing the process of migrating from their current retailing and billing contractors
(Agility) to Horizon Power with the key driving factor behind the migration being the
installation of Advanced Metering Infrastructure (AMI). There AMI smart meters are capable
of two-way communication which in turn will provide a number of benefits including:

o Improved accuracy of meter readings — reducing estimated billing errors;
o Early detection of power quality issues

o Improved monitoring of power outages to assist maintenance crews in reducing
restoration fimes.
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7.3. SUPPLY INTERRUPTED (SCHEDULE 1 ITEM 5)

Schedule 1 of the Code gives the information to be published within the annual compliance report.
The provisions of Ifem 5 require that the following information be published:

“The number of premises of small use customers the supply of electricity to which has been
interrupted:

(a) for more than 12 hours continuously; or
(b) more than the permitted number of times, as that expression is defined in section 12(1)*,

and in the case of interruptions referred to in paragraph (a), the number of interruptions and the
length of each interruption.”

*Section 12(1) of the Code defines ‘permitted number of times’ as nine fimes (for Perth CBD or urban areas) or 16 times (for
small use customers in other areas).

7.3.1. INTERRUPTIONS EXCEEDING 12 HOURS
In 2020/21, one network interruption which exceeded 12 hours was recorded was recorded. Standby

generators were employed to provide power to Airport.

Table 15 | Total number of premises of small customers interrupted continuously for more than 12 hours

REPORTABLE PERIOD

2016/2017 | 2017/2018 | 2018/2019 | 2019/2020 | 2020/2021

Total number of premises that
experienced a single 1 0 0 1 1
interruption exceeding 12 hours

7.3.2. INTERRUPTIONS EXCEEDING THE PERMITTED NUMBER OF TIMES

The permitted number of times that a customer connection can be disconnected from the electricity
supply within the preceding year (defined as the period of 12 months ending on 30 June) is given as
16 as per Section 12(1) of the Code.

There were no customers disconnected more than 16 fimes as observed in the BHP outage logs.

Table 16 | Total number of premises that experienced >16 interruptions within the preceding year

REPORTABLE PERIOD

2016/2017 | 2017/2018 | 2018/2019 | 2019/2020 | 2020/2021

Total number of premises that
experienced more than 16 0 0 0 0 0
inferruptions
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7.4. NUMBER OF COMPLAINTS RECEIVED (SCHEDULE 1 ITEMS 6 AND 10)

Division 2, Section 25(1) of the Code defines “*complaint” as a complaint that a provision of Part 2, or
of an insfrument made under section 14(3), has not been, or is not being, complied with. Table 17
presents the results for the previous four reporting periods together with the 2020/2021 FY result.

No complaints relating to power quality were received in 2020/2021 FY.

Table 17 | Total number of formal complaints lodged to BHPSA

REPORTABLE PERIOD

crbon . weomamesmop |
2016/2017 | 2017/2018 | 2018/2019 | 2019/2020 | 2020/2021
0 0 0 0 0

Total number of formal complaints
received
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7.5. COMPLAINTS RECEIVED IN EACH DISCRETE AREA (SCHEDULE 1 ITEMS
7 AND 10)

The township of Newman is supplied from an integrated network and therefore there are no discrete
areas to be reported.

7.6. TOTAL AMOUNT SPENT ADDRESSING COMPLAINTS (SCHEDULE 1 ITEMS
8 AND 10)

There have been no complaints over the 2020/21 FY that required BHP's action.

7.7.NUMBER AND TOTAL AMOUNT OF PAYMENTS MADE (SCHEDULE 1
ITEMS 9 AND 10)

Sections 18 and 19 of the Code stipulates that failure on the part of the electricity distributor to
provide required notice for either a planned interruption or an interruption exceeding 12 hours to a
small use customer shall result in a financial payment.

Table 19 presents the summary of payments made to small use customers over the five previous
reporting periods, as well as the 2021/2021 FY period.

Table 18 | Summary of payments made under Sections 18 and 19

REPORTABLE PERIOD
DESCRIPTION
2016/2017 2017/2018 2018/2019 | 2019/2020 | 2020/2021
0 0 0 0 0

Total number of payments

Total amount o(;)poyoufs in AUD 0 0 0 0 0

7.8. RELIABILITY OF SUPPLY (SCHEDULE 1 ITEM 11)

The provisions of Schedule 1, Item 11 of the Code requires that the following information to be
published:

“For each discrete area:

(a) the average length of interruption of supply to customer premises expressed in minutes;

(b) the average number of interruptions of supply to customer premises;

(c) the average percentage of time that electricity has been supplied to customer premises; and

(d) the average total length of all interruptions of supply to customer premises expressed in minutes.”
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In the context of this report, the township of Newman is considered the discrefe area. The BHPSA
2020/2021 FY fault outage data presented within Appendix C has been applied in determining the
parameters described above and presented further in the following sub-sections.

7.8.1. AVERAGE INTERRUPTION (SCHEDULE 1 ITEMS 11(A), 12 AND 13)

Table 22 presents the average duration of a supply interruption to small use customer connections
affected by a fault within the Newman township electrical network, also known as the CAIDI
described in Section 5.4.1, over the five previous reporfing periods as well as the 2020/2021 FY period.
A substantial increase in CAIDI was observed this year when compared to the previous years.

Table 19 | Summary of average interruption length to affected customers (CAIDI)

REPORTABLE PERIOD

DESCRIPTION AVERAGE
2016/2017 | 2017/2018 2018/2019 2019/2020 | 2020/2021

Average interruption
duration — CAIDI 53 33 141 99.28 182.82 101.82
(minutes)

7.8.2. AVERAGE NUMBER OF INTERRUPTIONS (SCHEDULE 1 ITEMS 11(B), 12 AND 13)

Table 19 presents the average number of interruptions to small use customer connections within the
Newman fownship electrical network, also known as the SAIFI described in Section 5.4.2, over the five
previous reporting periods as well as the 2020/2021 FY period. A notable increase in SAIFI was
observed this year when compared to the previous years.

Table 20 | Summary of average number of interruptions (SAIFI)

REPORTABLE PERIOD

2016/2017 | 2017/2018 2018/2019 2019/2020 | 2020/2021
1.07 2.66 6

Average number of
interruptions — SAIFI 0.417 1.9

1.53 1.52

7.8.3. AVERAGE TIME PERCENTAGE SUPPLIED (SCHEDULE 1 ITEMS T11(C), 12 AND 13)

Table 21 presents the average percentage of time that electricity has been supplied to small use
customer connections, also known as the ASAI described in Section 5.4.3, over the five previous
reporting periods as well as the 2020/2021 FY period. A slight decrease in ASAl was observed this year
when compared to the previous years.

Table 21 | Summary of average percentage of time supplied (ASAI)

REPORTABLE PERIOD

2016/2017 | 2017/2018 2018/2019 2019/2020 | 2020/2021

Average percentage
of time supplied - 99.98 99.99 99.93 99.99 99.93 99.96
ASAI (%)
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7.8.4. AVERAGE DURATION OF ALL INTERRUPTIONS (SCHEDULE 1 ITEMS 11(D), 12 AND
13)

Table 22 presents the average duration of a supply interruption to any single small use customer
connection within the Newman township electrical network, also known as the SAIDI described in
Section 5.4.4, over the four previous reporting periods as well as the 2020/2021 FY period. A notable
increase in SAIDI was observed this year when compared to the previous years.

Table 22 | Summary of average interruption duration to all customers (SAIDI)

REPORTABLE PERIOD AVERAGE
DESCRIPTION
2016/2017 | 2017/2018 2018/2019 2019/2020 2020/2021 _
Average
interruption
duration — SAIDI 81 35 376 41.36 354.91 177.65
(minutes)

7.9. PERCENTILE VALUES (SCHEDULE 1 ITEMS 14 AND 15)

This section outlines the response to Schedule 1, ltems 14 and 15 of the Code. An exiract from the
Code requirements is shown below:

Item 14: "For customer premises in each discrete area, an estimate of the 25th, 50th, 75th, 90th, 95th,
98th and 100th percentile values of —

(a) the average length of interruption referred to in item 11(a);
(b) the number of interruptions; and
(c) the total length of interruptions.”

Item 15: “For each category of information in item 14(a), (b) and (c), a graph showing the distribution
of customer premises across the range of that category.”

7.9.1. AVERAGE INTERRUPTION (CAIDI) — PERCENTILE

Table 23 presents the percentile distribution spread for the average duration of interruptions to
affected small use customers (CAIDI) within the Newman Township for the 2020/2021 FY logging
period.

Table 23 | CAIDI Percentile Distribution 2020/2021 FY

PERCENTILE

DESCRIPTION | emeenme |
25 | sor | gsm | om | esm | sen | oo
77 158 220 220 220 220 220

Average Length of Interruption (CAIDI)
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7.9.2. NUMBER OF INTERRUPTIONS (SAIFI) — PERCENTILE
Table 24 presents the percentile distribution spread for the average number of inferruptions to small
use customers (SAIFI) within the Newman Township for the 2020/2021 FY logging period.

Table 24 | SAIFI Percentile Distribution 2020/2021 FY

PERCENTILE

DESCRIPTION | oeweenne |
|25 | sor | sm | son | esm | e | joom
1.45 1.45 1.45

Average Number of Interruptions (SAIFI) 0.67 0.77 1.45 1.45

7.9.3. AVERAGE DURATION OF ALL INTERRUPTIONS (SAIDI) — PERCENTILE

Table 25 presents the percentile distribution spread for the average duration of all interruptions to a
small use customer (SAIDI) within the Newman Township for the 2020/2021 FY logging period.
Table 25 | SAIDI Percentile Distribution 2020/2021 FY

PERCENTILE

DESCRPTION o emeeme |
51

Average Leng(TShAcl)lgl/)ﬁ\ll Interruptions 121 319 319 319 319 319
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8. CONCLUSION

This report addresses all relevant parts pertaining fo Newman's 11 kV supply network and the
reportable requirements as per Part 2 and Schedule 1 of the Code.

With regards to the site measurements, the average values of electrical parameters were logged
over a period of seven days, at 5-minutes intervals. PQ indices were then calculated and found, in
large, within the limits stipulated by the Code. That is, the averages of the following parameters are
proven to meet the Code's requirements:

e Voltage Flicker (short- and long-term criteria);

e RMS Voltage Magnitude;

e Power System Frequency; and

e Voltage Total Harmonic Distortion (U-THD).
The following compliance issues were identified:

e Voltage Flicker: An improvement in the number of short-term and long-term voltage
fluctuation limit breaches (2 short-term and 2 long-term breaches) described in AS61000:2001
was recorded compared to the logging periods for previous five years.

e RMS Voltage Magnitude: A relatively similar number of voltage level breaches (three
undervoltage breaches) were observed compared to the logging periods for the previous
three years. Given the temporary and random nature of the breaches, it is not deemed of a
practical concern at this stage, but it is recommended that this parameter be monitored over
the coming years.

e Power System Frequency: Two under frequency breaches of the limits described in the
Electricity Act of 1945 Section 25(1)(d) were recorded during the logging period. As these
events appear fo be isolated and constitute a very small fraction (less than 0.1%) of the total
measurement period, it is not deemed of a practical concern at present.

e U-THD: Zero U-THD breaches of the limits described in Part 2, Division 1, Section 7 of the Code
were recorded during the logging period. There is an improvement in the breaches of U-THD
compared to the previous three years.

e The recorded individual order harmonics showed a temporary breach on feeder and TC1
TC2.
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Reportable parameters for Newman Township Electricity Supply over the 2020/2021 FY (as outlined in
the ‘Schedule 1’ of the Code) are presented below:

= >]2-hour inferruptions: In 2020/2, one network interruption which exceeded 12 hours was
recorded. Temporary generators were used to supply Newman Airport during the outage.

=  No small use customer was disconnected from the network more than the maximum number
of times permitted by the Code (i.e., limit of 16 times per year).

= No power quality and reliability related complaints were received from customers during FY
2020/2021.

= The key reliability indices are calculated cs listed below:

e Customer Average Interruption Duration Index (CAIDI) of 182.82 minutes — CAIDI is a
measure of the average outage duration or average outage restoration fime. [If is
defined as “The sum of the durations of sustained? customer interruptions divided by
the total number of sustained customer interruptions”].

e System Average Interruption Frequency Index (SAIFI) of 1.96 interruptions — SAIFI is the
average number of inferruptions per customer served. [If is defined as “the total
number of sustained customer interruptions divided by the total number of customers
served”].

e Average Service Availability Index (ASAI) of 99.93% — ASAl is the perceived availability
of the network to the customers.

e System Average Interruption Duration Index (SAIDI) of 354.91 minutes — SAIDI is the
average outage duration for each customer served. [If is defined as “the sum of
duratfions of sustained customer interruptions divided by the total number of
customers served”].

An increase is observed in majority of the reliability indices when compared to the previous
years.

In summary, the metering data collected from the 16 locations throughout the Newman Township
network indicate that the power quality is, in large, within the limits stipulated by the Code. The
reliability indices CAIDI, SAIFI and SAIDI saw a marked deterioration this year as compared to previous
years. It is recommended that the cause of number of faults/unplanned outages and duration be
investigated. However, the overall network performance is sfill considered to be satisfactory.

2 By “sustained” we mean only inferruptions lasting 1 minute or longer. (Momentary) Outages lasting less than 1 minute are not included in the
index. Planned outages and some other types of outages are also excluded from this index. This note also applies to the SAIFI and SAIDI indices.
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HIOKI

POWER QUALITY ANALYZER PW3198
Power Measuring Instruments m

Record and Analyze Power Supply Problems Simultaneously with a Single Unit

The New World Standard for Power Quality Analysis

Bl Never Miss the Moment
e Detect power supply problems and perform onsite troubleshooting
o Do preventive maintenance to avert accidents by managing the power quality

Bl CAT IV-600V Safety Standard
o Meets the CAT IV safety rating required to check an incoming power line
e Safe enough to measure up to 8,000Vpeak of transient overvoltage

Bl Easy Setup Function with PRESETS
e Just select the measurement course, wiring, and clamps
c E o Automatic one-step setup based on measurement conditions
AT | e Bl Compliant with New International Standards
@ Ri0a T ® |nternational power quelity measurement standerd IEC 61000-4-30 Edition 2 Cless A
H ' (@ www.hioki.com) e High precision with a basic voltage measurement accuracy of 0.1%

ISO 9001 1SO14001 0 comany ovrviow,now soduci,

IMI-0218 JOA-E-B0081 and cther Information are avallable on our website.

Z
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| el

One Ydur Power Supply Problems
0

HIOK)

The number of power supply problems Js increasing as power systems are becoming more and more complicated -
all due to the rising use of power electronics devices pius a growing installed base of jarge systems and distnbuted
power supplies. The quickest way to approach these problems is to understand the situation quickly and accurately

The PW3198 Power Gualty Analvzer is ready to effectively solve vour power supply problems.

Troubleshooting

¢ Understand the actual power situation at the site where the problem is occurring e.g., the equipment malfunction, failure,
reset, overheating, or burning damage).

¢ |Ickal for troubleshooting solar and wind power generation systems, EV charge stations, smart grids, tooling machines, QA
equipment le.g., computers, printers, and UPS), medical equipment, server rooms, and ekctrical equipment fe.g., trans-
formers and phase-advancing capacitors).

Field Survey and Preventive Maintenance

¢ Perform bng-term meassurements of the power quality and study problerns that are difficult to detect or that ocour intermittently
¥ Maintain electrical equipment and check the operation of solar and wind power generation systems.
¥ Manage the parameters with a control set point, such as a voltage fluctuation, flicker, and harmonic voltage.

Power (Load) Survey

¥ Study the power consumption and confirm system capacity before adding load.
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Advanced Features for Safe, Simple, and Accurate Measurements

1 | International Standard IEC61000-4-30 Ediition 2 Class A |

2

CAT IV-600V Safety |

Class Ais defined in the international standard IEC61000-4-30,
which specifies compatibility with power quality parameters,

The PW3198 is compliant with the measurement category
CAT IV - 800V and can also safely test the incoming lines for

accuracy, and standards to enable comparison and discussion

both single-phase and three-phase power supplies.
of the measurement results of different measuring instruments. 4 -

'

The PW3198 is compliant with the latest IEC61000-4-30
Edition 2 Class A standard. The instrument can perform
measurements in accordance with the standard, including
continuous gapless calculation, methods to detect events
such as dip, swell, and instantaneous power failure, and time
synchronization using the optional GPS box.

Simply choose the course based on the measurement objective
and the necessary configurations will be set automatically.

< PRESETS

Record voltage and frequency and detect
errors simultaneously.

Record voltage, current, frequency, and
harmonic, and detect errors simultaneously

U Events

Standard
Power Quality

Inrush current |Measure the inrush current

Record only the TIME PLOT Data but do not detect

Recording e
Perform measurements in accordance with
PSR ENS0160.
4 \ Highly Accurate, Broadband, Wide Dynamic Range Makes for Reliable Measurements

Voltage Measurement Range Voltage Frequency Range

Transient overvoltage

Line-to-line voll

High-order harmonic measurement

Line-to-line voltage {1P2W, 1P

Phase voltage (1P2W, 1P3W, Harmonic measurement

3kHz 80kHz
Wide range from DC voltage to 700 kHz

780V 1300V

6000Vpeak DC

700kHz

Both low and high voltages can be measured in a single range.

Basic Measurement Accuracy (50/60 Hz) Transient Overvoltage High-order Harmonic

Voltage |+0.1% of nominal voltage

Current|+0.2% rdg. +0.1% fs. + Clamp-on sensor accuracy

Power (+0.2% rdg. £01% fs. + Clarnp-on sensor accuracy

Waveform example

The PW3198 is the first power
quality analyzer that can measure
the high-order harmonic
component of up to 80 kHz.

Waveform example

Transient overvoltage can also be
measured in a range between the
maximum 6,000 V and minimum 1 ps (2
MS/s).

World's highest level of basic measurement
accuracy. Extremely accurate voltage
measurement without the need to switch
ranges.

W_APDO06918
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PW3198 Never Misses the Moment a Power Supply Failure Occurs

The PW3198 can measure all waveforms of power, harmonic, and error events simultaneously. When a problem occurs with the
equipment or system on your site, the PW3198 will help you detect the cause of the problem early and solve it quickly. You can
depend on the PW3198 to monitor all aspects of your power supplies.

Measure All Parameters at the Same Time

| Acquire the Information You Need Quickly by Switching Pages (RMS Value) |

| Reliably Detect Power Supply Failures (Event) |

Just connect to the measurement line, and the PW3198 will simulta-
neously measure all parameters, such as power and harmonic. You
can then switch pages to view the needed information immediately.

With a
single 3190

HIOKI button

with one touch

P
fpparenid
power :

To detect power supply failures, measurement does not
need to be performed multiple times under different condi-
tions. The PW3198 can always monitor and reliably detect

DMM Display
Display parameters such as voltage, current, power, power factor, and

integral power in a single window.
v hd
CoEE GoEE
withone touch with one touch
v w
v v

Vect;r Display

Display the measured value and
vector of the voltage and current
of each order harmonic.

v
v
Bwitc h windows|
with one touch
v
v

Waveform Display

Display the voltage and current
waveforms on channels 1 to 4

one above the other in a single

window.
v
v
witch windows|
withone touch
v
v

Harmonic Bar Graph Display
Display the RMS value and
phase angle of harmonics from
the Oth order to the 50th either in
agraph or as numerical values

4—cha}1nel Waveform Display
Display the voltage and current
waveforms on channels 1 to 4
individually.

W_APDO06918

all power supply failures for which detection is enabled.
7 JENT

o &

Transient Overvoltage (Impulse)

2010/12/83
28:56:149:76

282562
2. 2.6736kV
H i{5us

mon

Trendlata

2018/12/03
20:57:58

A transient overvoltage is generated by a lightning strike or a contact
fault or closed contact of a circuit breaker and relay, and often causes
a steep voltage change and a high voltage peak.

Voltage Dip (' )
Voltage drops for a shart time as a result
of large inrush current generated in the
load by, for example, a starting motor.

Interruption

The poser spply stops instantaneously o for a short
or long time because ekecirical power transmission i
stopped as a result of a lghtning strke, or because the
cicuit breaker s tripped by a power supply short circu.

A
AR AR AR

Frequency Fluctuations

An excessive increase or decrease
of the load causes the operation of
a generator to become unstable,
resulting in frequency fluctuations.

Harmonic

Harmonic is generated by a
semiconductor control device
installed in the power supply of
equipment, causing distortion of
voltage and current waveforms.

Voltage Swell (Voltage Rise)
Avotage swell is generated by a lightning strike or
a heavily loackd power fine being opened or closed,
causing the voltage to rise instantaneously.

Inrush Current

Alarge current flows instantaneously
at the moment electrical equipment,
a motor, or similar devices are
powered on.

High-order Harmonic

Voltage and current waveforms are distorted
by noise components generated by a
semiconductor control devics or the like installed
in the power supply of electronic equipment.

Unbalance

An increase or decrease in the load connected to
each phase of the thiee-phase power supply or an
tnbelanced operation of equipment and devices causes
the load of a parficular phase to become heavy so thet
vofage and current waveforms are distorted, voltage
diops, or negative phase sequence volage is generdted.
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TIME PLOT Data gt Event Waveforms

TIME PLOT Data TIME PLOT Recording of All Parameters |

The PW3198 can simultaneously record 8,000 or more parameters, such as voltage, current, power, power factor, frequency,
integral power, harmonic, and flicker, at the specified recording interval. The PW3198 never fails to capture the peak because
it performs calculations continuously and records the maximum, minimum, and average values within the recording interval.

Simultaneous Recording of

‘Fill.:u\!mm g‘l‘i : : : ‘ i Haro cor |n ]

by

i 18 min/div]
1171711717 T/
20:18 20:20  20:30

T

Trend Recording
(TIME PLOT Recording)

(o =—=3] witch windows|
m 1 with one touch

Integral Power Recording

Event Waveforms Capture up to 55,000 Instantaneous Waveforms of Power Supply Failures

The PW3198 can record up to 1,000 instantaneous waveforms of power supply failures (up to 55,000 when repeat record-
ing is set to ON) while performing TIME PLOT recording.

‘m{thm 5 94— m‘
|FANAEYZING #2549 . 84 1 Hz W | FANAZING

7 Event recording of waveforms

= late

20108/11/17
22:22:22

Event List Event Waveform

This list records instantaneous waveforms of power supply failures The PW3198 lets you view the instantaneous waveform (200 ms) of a
(events), such as a voltage drop or inrush current, along with the time power supply failure in the window.
or other information. Events are always monitored, regardless of the

recording interval of the TIME PLOT recording. Inrush eurrent occurs RMS value changes

over 30 seconds

When a voltage drop or
inrush current occurs,
RMS value changes
~ are recorded over 30
Voltage drop caused by inrush current seconds simultaneously.
This function can also
U be used to check the
voltage drop caused by
inrush current generated
by the start of the motor.

30 seconds
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Analyze Recorded Data with a PC Using Application Software 9624-50 PQA-HIVIEW PRO

Use Model 9624-50 PQA-HIVIEW PRO (version 2.00 or later) with a PC to analyze the data collected by the PW3198.

| Viewer Function \

Display and analyze the data recorded by the PW3198 POWER QUALITY ANALYZER.

et _
S woas UG R - L 1 INC /

| ) o - - Display a list of power supply failures (events) that

ST e Ba- A% . oceurred.
Display the TIME PLOT (recorded trend) data as well as
changes in the voltage/current RMS values, harmonic,
and many other parameters.
Event V f Window

o Sid o= 24 e s —

N R ——C8 — 8~ Display the waveform of an event that occurred, plus the
vector, harmonic, DMM, and instantaneous harmonic
values,

v I’ Ct )

" Analyze the ITIC (CBEMA) curve (tolerance curve) used
in the power quality standards in the United States.
- - T maT , otk T
- — —— 18 NE - » - . — . . -
= " = T ' to e R
| e ———
-l | w— it ™
{ J e e e o e aaa e ]
- = = EL TR T X T %
Status Window Transient Waveform Window Inrush Current Event Graph Window Harmonics TIME PLOT Window

Report Creation Function

Automatically and effortlessly create rich reports for compliance and record management.

Report output itemns:  Voltage/current RMS value fluctuation graph, harmonic fluctuation graph, inter-harmonics fluctuation graph, flicker graph, integral power graph, demand graph,
total harmonic voltage/current distortion rate list, EN50160 window (Overview, Harmonic, Measurement Results Category), worst case, transient waveform,
maximum/minimum value list, all event waveforms/detailed list, and setup list

Print Examples

PSR | e &
Y o = —_— =

RMS Value Voltage Fluctuations All Event Detailed List TIME PLOT Recording of Parameters EN50160

| Other Functions

5f I\
of [

8 Vieasure ta D rem ria US N

Convert data in the range specified in the TIME PLOT window into CSV format Data in the SD card inserted in the PW3198 can be downloaded to a PC via
and then save for further processing. The 8624-50 can also convert event USB or LAN.

waveforms into CSV format. Open CSV data using any commercially available

spreadsheet software for advanced data management and analysis.

E ith M 1€ s ¢ play

Data recorded with the HIOK| 3196 and 3197 Power Quality Analyzers can EN501680 is a power quality standard for the EU. In this mode, evaluate and
also be analyzed. analyze power quality in accordance with the standard. You can display the
Overview, Harmonic, and Measurement Results Category windows.

- 9624-50 Specifications
P . - ‘» %} » Delivery media GCD-R
%‘g > > Operating environment AT-compatible PG
. o kA 0s Windows XP, Windows Vista (32-bit),
%‘!)) Yo Windows 7 (32/64-bit)

Memory 512 MB or more

60 D v F
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Useful Functions for a Wide Variety of Applications

| Large Capacity Recording with SD Card |

| Simultaneously Measure Three-phase Lines and Grounding Wire |

Data is recorded to a large capacity SD card. The data can be
transferred to a PC and analyzed using dedicated application
software. If your PC is not equipped with an 8D card slot, sim-
ply connect a USB cable between the PW3198 and the PC.
The PC will then recognize the SD card as removable media.

Apart from the main measurement line, you
can also measure the AC/DC voltage on
ancther line using Channel 4.

Yes! Simultaneously!

*Measure the primary and secondary sides of UPS

*Two-line voltage analysis

*Measure three-phase lines and grounding wire
*Measure neutral lines to detect short circuits

*Measure the input and output of a DC-AC converter for solar power generation

chi, ch2, ch3 ch4

Repeat record Recording period

Max. 35 days

Reference valua: ALL DATA (all iterns reconded), repeat recording
OFF. and TIME PLOT interval 1 minute or longer)

Max. 55 weeks (about 1 year)

ON Referance value: ALL DATA (all tems racomded), repeat racomding ON
(1 week x 55 times), and TIME PLOT interval 10 minutes or longer)

OFF

| Remote Measurement Using HTTP Server Function |

| An Assortment of Clamp-on Sensors Covers a Broad Range of Measurements

You can use any Internet browser to remotely operate the
PW3198, plus download the data stored in the SD card using
dedicated software (LAN access required).

Conduct off-site ramota control with atablet PC using a wireless LAN routar

In addition to current sensors for measuring 100A AC, 500A AC,
1000A AC and 5000A AC rated currents, a 5A AC sensor is also
available. In addition, HIOKI's CLAMP ON LEAK SENSORS snable
you to accuratsly measurs for leakage current down to the mA level,
while the new CT989X-80 AC/DC Clamp On Sensors further widen
applications by supporting DC current testing.

GPS Time Synchronization |

Backup and Recovery from Power Failure \

The PWB005 GPS BOX lets you
synchronize the clock on the PW3198 to
the UTC standard time. Eliminate time
differences between multiple PQAs and
correctly analyze measurement data taken

by several instruments.

)

-

o

V)
el
— B

W_APDO06918

The PW3198 uses the new large capacity BATTERY PACK
Z1003, enabling continuous measurement for three hours
even if a power failure occurs. In addition, a power failure
processing function restarts measurement automatically even
if the power is cut off completely during measurement.

|.Previous model
} |.PW3198

30 minutes 180 minutes

| Other Measurement Applications |

rrement

l\lleasure flicker in conformance with IEC 81000-4-15 Ed2.

Pk

ase voltage check for A connec
Use the A-Y and Y-A conversion funotlon to measure phase
voltage using a virtual neutral point.

( z line {
Measure at a power Ime frequenoy of 50/60 Hz as well as
400 Hz.
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Power Quality Survey Applications

| The power supply of the office equipment sometimes shuts down |

urvey Objective

The power supply of a printer at the office shuts down even
though it is not operated. Equipment other than the printer can also
sometimes perform a reset unexpectedly.

easurement Method

Setup is very easy. Just install the PW3198 on the site,
and measure the voltage, current, and power. To troubleshoot,
just select the clamp-on sensor and wiring, and then select the
"U Events" course. 4

} .,*.'.-‘.'.’_-_-,-\ A T ol 'l .'-"
v "fv",','.'v'»““,-‘\‘-*.'-'l" ey Gl YV "-Vv.'..“- '.f.! W r
e Voltage drop occurs periodically |

Voltage Fluctuation Graph

nalysis Report

No failure occurred during the measurement period, but a peri-
odic voltage drop was confirmed. The voltage drop may have been
caused by the periodic start and operation of the electrical equip-
ment connected to the power supply line. Equipment, such as a
laser printer, copier, and electrical heater, may start themselves
periodically due to residual heat. An instantaneous voltage drop
is likely to have been caused by inrush current from equipment
that consumes a large amount of power.

| Medical equipment malfunctions

urvey Objective

Replacing the equipment with a new one by the service provider
did not improve the malfunction. A survey of the power supply was
required to clarify the cause.

easurement Method
Select the "U Events" course in the PW3198 in the same way as
with the office equipment example.

Voltage waveforms

R AKX A 1)

Current waveforms a

|

\ |

Voltage and Current Waveforms at the Time Voltage Dip Occurs

nalysis Report

[t was determined that a voltage dip (voltage drop) occurred and
impacted the operation of the equipment. If a voltage dip occurs
every day on a regular basis, the probable cause is the start of a
large air-conditioning unit, pump, heater, or similar equipment.

| Surveying a Solar Power Generation System

Survey Objective

* Maintain a solar power generation system and check its operation (verify the power quality)
 Troubleshoot (impact on the peripheral equipment, operation shutdown, ete.)

easurement Method
Set up the PW3198 on the site and measure the voltage, cur-
rent, and power. To survey the power quality, select the "Standard
power quality measurement" course in the PRESETS menu. To
measure the DC voltage, connect
channel 4 to the primary
side of the solar panel

Solar panel

Primary DC L — Secondary AC
measurement measurement
{chd) ' ’ {chi and ch2)

Example of Voltage Waveforms at the Time of Line Switching

9000° /div —H5 —H7
18000

Qutflow

Inflow

Quitflow
-18000

O2/22 22 G2/22 G2/ 02/ G2 02/ 02/%2
113000 194000 115000 120000 121000 122000 123000 124000 125000

Example of Determining Inflow or Outflow
{Inflow of 6th and 7th Order Harmonic)

nalysis Report

All parameters can be recorded simultaneously with a single measurement.
+ |dentify changes in the output voltage of the power conditioner
* Presence or absence of the occurrence of a transient overvoltage
* Frequency fluctuation important for system interconnection
+ |dentify changes in the harmonic voltage and current included in the output
* Power (AC), integral power (AC), etc

W_APDO06918
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Voltage RMS voltage Waveform woltage peak
measurement items Frequency Frequency (1 cycle, 10-sec)
(TIME PLOT Recording) DC voltage |EC Flicker (Pst, Pit)

Harmoenic voltage (0 to £0th order)
Inter-harmonic voltage (0.5 to 48.5th)
‘Total harmonic voltage distortion factor

Harmoenic voltage phase angle (0 to &0th)
High order harmonic voltage component
Voltage Unbalance factor

(Zerc-phase /Negative-phase)

Current
measurement items.
(TIME PLOT Recording)

RMS current

Waveform current peak

Harrmoenic current phase angle (0 to 50th)
Harmenic current (0 to &0th)
Inter-harmonic current (0.5 to 49.5th)

High order harmonic current component
Total harrmonic current distortion factor
Current Unbalance factor

(Zerc-phase /Negative-phase)
K factor

DC current (when using compatible sensor)

Power
measurement items
(TIME PLOT Recording)

Active power
Reactive power
Apparent power
Power factor

Harmoenic power (0 to 50th)

Harmoenic voltage-current phase angle (0 to 50th)

Active energy
Reactive energy

EVENT
measurement items
(EVENT Recording)

Transient overvoltage
Voltage swell
Voltage dip
Interruption

Inrush current

Frequency fluctuations
Voltage waveform comparison
Timer

External events

Event detection using upper and lower thresholds available with other woltage, current and power measurement parameters
(excluding Integrated power, Unbalance, Inter-harmonic, Harmonic phase angle, IEC Flicker)

Input specifications

Measurement circuits

Single-phase 2-wire (1P2W), single-phase 3-wire (1P3W), three-phase 3-wire (3P3W2M, 3PAW2.5E) or three-phase 4-wire
(3P4W) plus one extra input channel (must be synchronized to reference channel during AC/DC measurement)

Fundarnental frequency
of measurement circuit

50Hz, B0Hz, 400Hz

Input channels Voltage @ 4 channels (U1 to U4),
Current 4 channels (11 to 14)

Input methods \oltage : lsolated and differential inputs (channels net isolated between U1, U2 and U3; ehannels isolated betwesn U1 to U3 and U4)
Current . Insulated clamp-on sensors (voltage output)

Input resistance Voltage | 4MQ +80kQ (differential inputs)
Current : 100k £10k<2

Compatible clamp senscrs

Units with f.e.=0.5V outout at rated current input (f.s.=0.5V recommended)
Units with rate of 0 AmV/A, Im/7A, 10my/7A, or 100myFA

Measurement ranges

(Ch1 to Chd can be configured
the same way; only CH4 canbe
configured separately)

\oltage measurement ranges

Voltage measurement items

Ranges

Voltage measurement

600.00V

Transient measurement

8.0000kV peak

PW3196 Power ranges

(automatically configured based on current rangs)

PW3198 current ranges
Current sensor Current range setting (A Current sensar Current range setting(4)
9660 100.00 7 60.000 CT9691 (104 10.000 /50000
9661 500.00 /60,000 CT9691 (1004) 100.00 / 10.000
9667 (5004) *Discontinued | 500,00 / 60,000 CT9592 (204 50.000" 7 6.0000
9667 (5kA)  “Discontinued | 5,.0000k / 500,00 CTOB92 (2004 500.00" /60,000
CT9B67 (500A) 500.00 /60000 CTOBAS (2004) 500.00% 7 50.000
CTI667 (5kA) 5.0000k / 600.00 CT9693 (2kA) 5.0000K" 7 600.00
9669 1.0000k /100,00 9857-10 5.0000 4 500.00m
9694 50.000 / 5.0000 9675 65.0000 7 600.00m
9696-02 60.000 / 6.0000 *The full scale for each sensor is based on the spedifications
9696-03 100.00 / 10.000 of the sensor in use, not the range setfing on the PW3198

Gurrent range Power range (W /WA /vary Current range Pawver range (W/ VA / var)
50000 kA 3.0000M 50.000 A 30,000k

1.0000 kA 600,00k 10,000 A 6.0000k

600.00 A 300.00k 5.0000 A 3.0000k

100.00 A 60.000k

Basic specifications

Maximum recording period

55 weeks (with repeated recording set to [1 Week], 55 iterations)
55 days (with repeated recording set to [1 Day], 55 iterations)
35 days (with repeated recording set to [OFF])

Maximurm recordable events

1000 events (with repeated recording off)

55,000 events (with repeated recording on)

TIME PLOT data settings

OFF, 5m, 10m, 30m, 1h, 2h

OFF, im, 5m, 10m, 30m, 1h, 2h
Time start and End
OFF: Start recording manually

OFF: Recording is not repeated

Repeat time

TIME PLOT interval (MAX/MIN/AWG within each interval recorded)
1s, 3s, 188, 30s, 1m, &m, 10m, 1&m, 30m, 1h, 2h, 150 cycle (at 50Hz), 180 oycle (at BOHz), 1200 cycle (at 400Hz)
Screen copy interval (screen shot at each interval saved to 8D card)

Timer EVENT interval (200ms instantansous waveform saved at each interval)

ON: Start time and End time can be configured
Repeated recording ssttings (maximum 55 iterations)

1Week: b5 weeks maximum in Tweek segmentations
1Day: 55 days maximum in 1day segmentations

Daily Start time and End time can be configured when Repeated recording sat to 1Day.

Recording items settings Power (Small):  Recording basic parameters
P&Harm (Normal): Recording basic parameters and harmonics
All Data (FUlll:  Recording P&Harm items and inter-harmonics

Memory data capacity

Mape. 32 GB with SD Card; only use of the HIOKI 2GB SD Memory Card Model Z4001 is guaranteed by HIOKI

Contact your HIOK! representative for special order larger capacity cards that offer the HIOK] guarantss.
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PRESETS function

U Events H
Standard Power Quality
Inrush Current 2

Record and monitor voltage elements and frequency, plus detect events

Record and moniter voltage and current elements, frequency, and harmonics, plus detect events
Measure inrush current (basic voltage measurement required!)

Recording Record only trend data, no event detection

EN50160 Measure according to EN50160 standards

Real-Time Clock funstion

Auto-calendar, leap-year correcting 24-hour clock

Real-time clock accuracy

+0.3 8 per day (with instrument on, 23°C+5°C (73°F+9°F)

Power supply

AC ADAPTER Z1002 (12 VDC, Rated power supply 100VAC to 240WAC, 1.7Amax, 50/60Hz)
BATTERY PACK Z1003 (Ni-MH 7.2vDC 4500 mAh)

Maximum rated power

15VA (when not charging), 35VA (when charging)

Continuous battery operation time

Approx. 180 min, [@23°C (@73 4°F), when using BATTERY PACK 21003

Recharge function

BATTERY PACK Z1003 charges regardless of whether the instrumnent is on or off; charge time: max & hr. 30 min. @23°C (@73.4°F)

Power outage processing

In the event of a power outage during recording, instrument resumes recording once the power is back on (integral power starts from 0.

Power supply guality measure-
ment method

IECE1000-4-30 Ed.2 12008
|IEEE1159
ENS0180 (using Model PQA-HIVIEW PRO 8624-50)

Dimensions

Approx. 300 Wix 211 H x 68 Dmm (11.81" W x 8.31" H x 2.68" D] (excluding protrusions)

Vass

Approx, 2.6 kg (317 oz.) (including battery pack)

Accessoriss

Instruction manual, Measurement guide, VOLTAGE CORD L1000 (8 cords, approx. 3 m each: 1 each red, yellow, blue, and
gray plus 4 black; & alligator clips: 1 sachred, yellow, blue, and gray plus 4 black), Spiral Tube, Input Cable Labels (for identifying
channel of voltage cords and clamp-on sensors), AC ADAPTER Z1002, Strap, USB cable (1 m length), BATTERY PACK Z1003,
SD MEMORY CARD (2GB) Z4001

Display specifications

Display

|6 5-inch TFT color LCD (6840 x 480 dots)

External Interface Specifications

8D card Interface

Saving of binary data, Saving and Loading setting files, Saving and Loading screen copies

Slot 3D standard compliant

Cormpatible card 3D memory card/ SDHC memeory card

Supported memory capacity @ Max. 32 GB with SD Garl; only use of the HIOKI 2GB SD Memory Card Model Z4001 s guaranteed by HIOK]
Contact your HIOKI repressntative for special order farger capacity cards that offer the HIOK! guarantee.

Media full processing Saving of data to 3D memory cardis stopped

RS-232C Interface

Meazurement and control using GPS-synchronized time (connecting GPS BOX)
Connestor D-sub9pin
Connestion destination GPS box (cannct be connected to computer)

LAN Interface

1. HTTP server function (compatible software: Internet Explorer Ver.8 or later, Remote cperation application function,
measurement start and stop control functions, system configuration function, event list function (capabkle of displaying event
waveforms, event vectors, and event harmonic bar graphs)

2. Downleading of data from the SD memory card using the 8824-50 PQA-HiView Pro

Connector : RJ-45

Tranamission method 10BASE-T 100BASE-TX

USB2.0 Interface

1. Recognizes the S0 memory card as a removable disk when connected to a computer.

The instrument cannot be connectad during recording (including standby operation) or analysis.
2. Download data from the SD memory card using the 9624-50 PQA-HiView Pro

The instrumsnt cannot be connectad during recording (including standby operation) or analysis.

Connector . Series B receptacle
Connection destination Computer [WindowsXPF, Windows\ista(32bit), Windows7 (32/64bit)]
External control interface Connestor 4-pin screwless terminal block

External event input Extemal event input at TTL low leve! (at faling edge of 1.0V orless and when shorted) between GND ternrinal and EVENT IN terminal

Min. pulse width: 30 ms; rated voltage: -0.5 V1o +68.0V

External event output
External event output item sefting

Short pulse output

Pulse wicith
Low level for 10 ms or more

Operation

TTL low output at event generation between
[GND] terminal and [EVENT QUT] terminal
TTL low output at ewvent generation between
[GND] terminal and [EVENT OUT] terminal
(N o external event output at START event)
TTL low output at AY10 alarm between [GND]
terminal and [EVENT OUT] terminal

Long pulse output Low level for approx. 2.6 s

A0 alarm Lowr level while alarm occurring

i reverts to high at datareset

Environment and safety specifications

Cperating environment

Indoors, alfituce up to 3000 m (measurement category is lowered to 800V CAT Il when ahove 2000m), Pollution degree 2

Sterage temperature and humidity

-20t0 50°C (-4 to 122°F) 80% RH or less (non-condensating)
(If the instrument will not be used for an extended period of time, remove the battery pack and stare in a cool location [from -20 to 30°C (-4 to 86°F)].)

Operating termperature and humidity

010 50°C (32 to 122°F) 80% RH or lass (non-condensating)

Dust and water resistance

P30 (ENB0529)

Maximum input voltage

Voltage input section 1000 VAC, DC+600 ¥, max. peak voltage +6000 Vpeak
Current input section 3YAC, DC+4.24Y

Maximum rated voltage to earth

Yoltage input terminal 600 ¥ (Measurement Categories IV, antisipated transient overvoltage 8000 V)

Dielestric strength

8.88 kvrms (@50/80 Hz, 1 mA sense current)

Between voltage measurement terminals (U1 to U3) and voltage measurement terminals (U4)
4.30 kvrms (1 mA@50/60 Hz, 1 mA sense surrent):

Between voltage input terminal (U1 to U3) and current input terminals/interfaces

Between voltage (U4) and current measurement terminals, and interfaces

Applicable
standarcls

Safety  ENG1010
EMC ENG1326 Class A, ENEG1000-3-2,
ENB1000-3-3
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Measurement Specifications  (For specifications when measuring 400Hz circuits, please inquire with your HICKI distributor.)
WGINEERE ¢ The MAX/MIN/AVG of each recording interval for each parameter are recorded,

EVENT . When a power anomaly ocours, apprex. 200ms instartaneous waveform s recorded
TRANSIENT . ‘When a transient overvoltage is detected, the 2ms instantanecus waveforms before and after the occurrence (total 4mse) are recorded.

AT 0 The RMS fluctuation 0.5s before and 28.bs after an event has ocourred are recorded
LERLIEIER ¢ When a high order harmonic event ocours, the 40ms instantansous waveform is recordad,

Transient overvoltage TRANSIENT
Display iterma For single transient incidents and continuous transient incidents

Transient voltage value, Transient width
For continuous transient incidents

Transient period (Period from transient IN to transient OUT)

e, transient voltage value (Max. peak value during the period)

Transient count during period

Measurement method Detected from waveform chtained by eliminating the fundamental component (50/60/400 Hz) from the sampled waveform
Sampling frequency. 2MHz
Measuremesnt range, resolution |+6.0000kVhealk, 0.0001kY
Measurement bancwidth 5 kHz (-3dB) to 700 kHz (-3dB)
Min. detection wicth 0.5 s
Measurement accuracy +5.0% rdg.+1.0%fs.
RMS voltage/ RMS current refreshed each half-cycle TIME PLOT EVENT
Measurement method RMS valtage refreshed each half-cycle True RMS type, RMS voltage values are caloulated using sample data for
1 waveform derived by overlapping the voltage waveform every half-cycle
RMS current refreshed each half-cycle @ RMS current is caloulated using surrent waveform data sampled every half-cycle
Sampling frecuenacy 200kHz
Measurement range, resolution |RMS vcltage refreshed each half-cycle 800.00%, 0.01V
RMS current refreshed each half-cycle | Based on clamp-on sensor in use; see Input specifications
Measurement accuracy RMS veltage refreshed each half-cycle @ £0.2% of nominal voltage (With 1.656% 1s. to 110% £.3. input and a nominal input votage of at least 100V)
+0.2%rcly. £0.08%.s. (With input outside the rangs of 1.666% 5. o 110% 5. ora nomiral input woliage of less than 100Y)
RMS current refreshed each half-cycle +0.3% rdg.+0.5%fs. + clamp-on sensor accuracy
Swell/ Dip/ Interruption FLUCTUATION EVENT
Display item Swell Swell height, Swell duration
Dip . Dip depth, Dip duration
Interruption @ Interruption depth, Interruption duration
Measurement method Swell . Aswell is detected when the RMS voltage refreshed each half-cycle exceads the threshold in the positive direction
Dip . Adip is detected when the RMS voltage refreshed each half-cycle exceeds the threshold in the negative direction
Interruption @ Aninterruption is detected when the BMS voltage refreshed each half-cycle excesds the threshold in the negative direction
Range and accuracy See BVIS voltage refreshed each half-cycle
Inrush current FLUCTUATION EVENT
Display itern Maximurm current of RMS current refreshed each 1/2 cycle
Measurement method Detected when the RMS current refreshed each 1/2 cycle exceeds the threshold in a positive direction
Range and accuracy See BMS current refreshed each half-cycle
RMS voltage, RMS current TIME PLOT EVENT
Display items RMS veoltage :  RMS voltage for each channel and AVG (average) RMS voltage for multiple channels
RMS current . RMS current for each channel and AVG (average) RMS current for multiple channels
Measuremeant method AC+DC True RMS type (Current DC value: with release of new clamp-on sensor)
RMS value caloulated from 10 oycles (50 Hz) or 12 oyoles (B0 Hz)
Sampling freguency 200kHz

Measurement range, resolution [RMS veltage © 600.00%, 0.01V

BMS current ¢ Based on clamp-on ssnsor in Use; ses Input specifications

Measurement accuracy RMS veoltage © £0.1% of nominal voltage (With 1.666% 1.5, to 110% f.s. input and anominal input voltage of at least 100V)
+0.2%tdg. £0.08%1.s. (With input cutside the range of 1.686% fs. to 110% fs. or a nominal input valtage of less than 100 V)

RMS current . +0,2% rdg.+0.1%.s. + clamp-on sensor accuracy

Voltage waveform peak/ Current waveform peak
Display item Positive peak value and negative peak value
Measuremsnt method Measured avery 10 cydes (50 Hz) or 12 cycles (60 Hz)
maxirurn and minirmurm points sampled during approx. 200 ms aggregation
Sampling frecuenacy 200kHz

Measurement range, resolution [Voltage waveform peak +1200.0 Vpeak, 0.1V
Current waveform peak © The guadruple of RMS current measurement range (Based on clamp-on sensor in use; SeeInput specications)

Voltage waveform comparison

Display item Event detection only

Measurement method A judgment area is automatically generated from the previous 200 ms aggregation waveform, and events are generated based
on a comparison with the judgment waveform. Waveform judgments are performed once for each 200 ms aggregation

Comparison window width 10 oycles (50 Hz), 12 cydles (60 Hz)

No, of window points 4096 points synchronized with harmonic caloulations

Frequency cycle

Measurement method Calculated as the reciprocal of the accumulated whele-oycle time during one U1 (reference channel) cycle

Measuremsnt rangs, resolution |70.000Hz, 0.001Hz

Measurement banchwidth 40,000 to 70.000Hz

WMeasuremant accuracy +0.200 Hz or less (for input from 10% f.s. to 110% f.&.)

Frequency

Measuremnent method Calculated as the reciprocal of the accumulated whole-cycle time during approx. 200ms period of 10 or 12 U1 (reference channel) cycles

Measurementrange, resohition 70.000Hz, 0.001Hz

Measutement bancwicith 40.000 to 70.000Hz

Measutement accuracy +0,020 Hz or less

10-sec frequency

Measurement method Calculated as the reciprocal of the acoumulated whele-cycle time during the specified 10s period for U1 (reference charinel) as per [EC61000-4-30

Measurement range, resolution [70.000Hz, 0.001Hz

Measuremeant bandwidth 40,000 to 70,000Hz

Measurement accuracy +0.010 Hz or less
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Voltage DC value (ch4 only)
Measurement method Average value during approx. 20ms aggregation synchronized with the reference channel (CH4 only)
Sampling frequency 200kHz
Measurement range, resolution  [600.00V, 0.01V
Measurement accuracy +0.3%rdg. +0.08%f.s
Current DC value (ch4 only; when using compatible sensor)
Measurement method Average value during approx. 200ms aggregation synchronized to reference channel (CH4 only)
Sampling fregquency 200kHz
Measurement range, resolution |Based on clamp-on sensor in use (with release of new clamp-on sensor)
Measurement accuracy +0.5% rdg.£0.5%f.s. + clamp-on sensor acouracy
Active power/ Apparent power/ Reactive power

Display items

Active power :  Active power for each channel and sum value for multiple channels.

Sink (consumption) and Source (regeneration)

Apparent power of each channel and its sum for multiple channels

No polarity

Reactive power of each channel and its sum for multiple channels

Lag phase (LAG: current lags voltage) and Lead phase (LEAD: current leads voltage)

Apparent power :

Reactive power :

Measurement method

Active power :
Apparent power :
Reactive power :

Measured every 10 cycles (50 Hz) or 12 cycles (60 Hz)
Calculated from RMS voltage U and RMS current |
Caloulated using apparent power S and active power P

Sampling frequency

200kHz

Measurement range, resolution

Depends on the voltage x current range combination; see Input spedifications

Measurement accuracy

Active power :  +0.2% rdg.+0.1%f.s. + clamp-on sensor accuracy
Apparent power :  +1 dgt. for caloulations derived from the various measurement values
Reactive power . +1 dgt. for caloulations derived from the various measurement values

Active energy /Reactive energy TIME PLO'
Display items Active energy : WP+ (consumption), WP- (regeneration); Sum of multiple channels
Reactive energy :  WQLAG (lag), WQLEAD (lead); Sum for multiple channels Elapsed time
Measurement method Measured every 10 cycles (50 Hz) or 12 oydles (60 Hz)
Integrated separately by consumption and regeneration from active power
Integrated separately by lag and lead from reactive power
Integration starts at the same time as recording
Recorded at the specified TIMEPLOT interval
Sampling frequency 200kHz
Measurerent range, resolution |Depends on the voltage x current range combination; see Input spedcifications
Measurement accuracy Active energy :  Active power measurement acouracy +10 dgt.
Reactive energy :  Reactive power measurement acouracy +10 dgt
Power factor /Displacement power factor TIME PLOT EVENT

Display items

Displacement power factor of each channel and its sum value for multiple channels

Measurement method

Power factor Caleulated from RMS voltage U, RMS current |, and active power P
Displacement power factor ;- Calculated from the phase difference between the fundamental voltage wave and the fundamental current wave
Lag phase (LAG: current lags voltage) and Lead phase (LEAD: current leads voltage

Sampling frequency

200kHz

Measurement range, resolution

~1.0000 (lead) to 0.0000 to 1.0000 (lag)

Voltage unbalance factor/ C

TIME PLOT

urrent unbalance factor (negative-phase, zero-phase)

Display items

Voltage unbalance factor Negative-phase unbalance factor, zero-phase unbalance factor
Current unbalance factor Negative-phase unbalance factor, zero-phase unbalance factor

Measurement method

Caloulated using various components of the three-phase fundamental wave (line-to-line voltage) for three-phase 3-wire
(3P3W2M, 3P3W3M) and three-phase 4-wire connections

Sampling frequency

200kHz

Measurement range

Voltage unbalance factor
Current unbalance factor

Component is V and unbalance factor is 0.00% to 100.00%
Component is V and unbalance factor is 0.00% to 100.00%

Measurement acouracy

+0.15%

Voltage unbalance factor
Current unbalance factor

High-order harmonic voltage component/ High-order harmonic current component

HICH-ORDER HARH TIME PLOT EVENT

Display items

For single incidents and continuous transient incidents
High-order harmonic voltage component value
High-order harmonic current component value

For continuous incidents
High-order harmonic voltage component maximum value
High-order harmonic current component maximum value
High-order harmonic voltage component period
High-order harmonic current component period

Measurement method

The waveform obtained by eliminating the fundamental component is caloulated using the true RMS method during 10 cycles (50
Hz) or 12 cycles (60 Hz) of the fundamental wave

Sampling frequency

200kHz

Measurement range, resolution

High-order harmonic voltage component :
High-order harmonic current component :

600.00V, 0.01V
Based on clamp-on sensor in use; See Input specifications

Measurement bandwidth

2kHz (-3dB) to 80kHz (-3dB)

Measurement accuracy

High-order harmonic voltage component:
High-order harmonic current component ;

+10%rdg. +0.1%f.s.
+10% rdg.+0.2%f.s. + clamp-on sensor accuracy

Harmonic voltage/ Harmonic current (including fundamental component)

TIME PLOT EVENT

Display items

Select either RMS or content percentage; From 0 to 50th order

Measurement method

Uses IEC61000-4-7:2002.

Comparison window width

10 oycles (60 Hz), 12 oydles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Measurement range, resolution

Harmonic voltage 600.00V, 0.01V
Harmonic current Based on clamp-on sensor in use; see Input specifications

Measurement

See measurement accuracy with a fundamental wave of 50/60 Hz

accuracy

When using an AC-only clamp sensor, Oth order is not spedcified for current and power
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Total harmonic voltage/ Total harmonic current distortion factor
Display items THD-F (total harmonic distortion factor for the fundamental wave)

THD-R (total harmonic distortion factor for the total harmonic including the fundamental wave)
Measurement method Based on IEC61000-4-7.2002; Max. order: 50th
Comparison window width 10 cycles (50 Hz), 12 cycles (60 Hz)
No, of window points 4096 points synchronized with harmonic calculations
Measurement range, resolution 0.00 to 100.00%(Voltage), 0.00 to 500.00%(Current)
Measurement acouracy —
Harmonic power (including fundamental component)

Display item

Select either RMS or content percentage; From O to 50th order

Measurement method

Uses IEC61000-4-7:2002.

Comparison window width

10 cycles (50 Hz), 12 cycles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Measurement range, resolution

Depends on the voltage x current range combination; See Input specifications

Measurement acouracy

See measurement accuracy with a fundamental wave of 50/60 Hz (When using an AC-only clamp sensor, order Ois not specified for current and power)

Measurement accuracy with a fundamental wave of 50/60 Hz

Harmonic input Measurement accuracy

Voltage Specified with a nominal voltage of at least 100 V
(At least 1% of nominal voltage) Order 0: +0.3%rdg.+0.08%f.s.
Order 1+: +5.00%rdg

Specified with a nominal voltage of atleast 100 V

Voltage

(<1% of nominal voltage) Order 0: +0.3%rdg.+0.08%f.s
Order 1+ +0.06% of nominal voltage

Gurrent Order 0: +0.6%rdg.£0.6%fs.  +clamp-on sensor accuracy
Order 1 to 20th: +0.5%rdg.=0.2%fs.  +clamp-on sensor accuracy
Order 21 to 50th:  +1.0%rdg.+0.3%f.s. +Clamp-on sensor accuracy

Power Order 0: +0.5%rdg.£0.6%fs.  +clamp-on sensor accuracy

Order 1 to 20th:

Order 21 to 30th:
Order 31 to 40th:
Order 41 to 50th:

+0.6%rdg.+0.2%fs.
+1.0%rdg.+0.3%f.s.
+2.0%rdg.=0.3%fs.
+3.0%rdg.+0.3%f s,

+Clamp-on sensor accuracy
+clamp-on sensor accuracy
+clamp-on sensor accuracy
+clamp-on sensor accuracy

Harmonic voltage phase angle/ Harmonic current phase angle (including fundamental component)

Display item Harmonic phase angle components for whole orders

Measurement method Uses IECE1000-4-7:2002,

Comparison window width 10 oycles (50 Hz), 12 oydles (60 Hz)

No. of window points 4096 points synchronized with harmonic calculations

Measurement range, resolution |-180.00° to 0.00° to 180.00°

Measurement accuracy =

Harmonic voltage-current phase angle (including fundamental component)

Display item

Indicates the difference between the harmonic voltage phase angle and the harmonic current phase angle.
Harmonic voltage-current phase difference for each channel and sum (total) value for multiple channels

Measurement method

Uses IECE61000-4-7:2002.

Comparison window width

10 oycles (50 Hz), 12 oydles (60 Hz)

No. of window points

4086 points synchronized with harmonic caloulations

Measurement range, resolution

-180.00° to 0.00° to 180.00°

Measurement accuracy

st to 3rd orders : + 2° +clamp-on sensor accuracy
4th to 50th orders: +(0.05° x k+2°) +clamp-on sensor accuracy; (ki harmonic orders)
Specified with a harmonic voltage of 1V for each order and a current level of at 1% f.s. or greater.

Inter-harmonic voltage and

inter-harmonic current TIME PLOT

Display item

Select either RMS or content percentage; 0.5 to 49.5th orders

Measurement method

Uses IEC61000-4-7:2002.

Comparison window width

10 oycles (50 Hz), 12 cydles (60 Hz)

No. of window points

4096 points synchronized with harmonic calculations

Measurement range, resolution

Inter-harmonic voltage : 800.00V, 0.01V
Inter-harmonic current . Due to using clamp-on sensor; See Input specifications

Measurement acouracy

Inter-harmonic voltage (Spedfedwith ancminalwdtage ofatleast 100V) . At least 1% of harmonic input nominal voltage: +5.00% rdg.
<1% of harmonic input nominal voltage 1 £0.05% of nominal voltage

Inter-harmonic current . Unspecified
K Factor (multiplication factor) TIME PLOT EVENT
Measurement method Caloulated using the harmonic RMS current of the 2nd to 50th orders
Comparison window width 10 cycles (50 Hz), 12 cycles (60 Hz)
No. of window points 4096 points synchronized with harmonic calculations
Measurement range, resolution [0.00 to 500.00
Measurement accuracy =
Instantaneous flicker value TIME PLOT

Measurement method

As per |IEC61000-4-15
User-selectable from 230 Viamp/120 Viamp (when Pst and Pt are selected for flicker measurement)/4 types of Ed? filter {230 Vlamp 50/60 Hz, 120 Vlamp 80/50 Hz)

Measurement range, resolution

99.999, 0.001

A V10 Flicker

TIME PLOT

Display items

AV10 measured at one minute intervals, average value for one hour, maximum value for one hour, fourth largest value for one
hour, total (within the measurement interval) maximum value

Measurernent method

Caloulated values are subject to 100 V conversion following gap-less measurement once each minute

Measurement range, resolution

0.000 to 99.999V

Measurement acouracy’

+2% rdg.+0.01 V (with a fundamental wave of 100 Vrms [50/60 Hz], a fluctuation voltage of 1 VWrms, and a fluctuation frequency
of 10 Hz)

Threshold 0.00 to 9.98V alarm output is generated when the reading for each minute is compared to the threshold and found to be greater
IEC Flicker TIME PLOT
Display items Short interval flicker Pst, long interval flicker Plt

Measurement method

Based on IECE61000-4-15:1897 +A1:2003 Ed1/Ed2.
Pst is caloulated after 10 minutes of continuous measurement and Pt after 2 hours of continuous measurement

Measurement range

0.0001 to 10000 PU. broken into 1,024 segments with a logarithm

Measurement accuracy

Pst +5% rdg. (Specified within range 01000 to 20.000 using IEC61000-4-16 Edi.1 and IEC61000-4-16 Ed2 Class F1 performance test)

Flicker filter

Select 230 V lamp Ed1, 120V lamp Ed1, 230 V lamp Ed2, or 120 V lamp Ed2.
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Clamp-on sansors s pacifications (O ptions)

APD

ENGINEERING

Clamp-or Sersor

CLAMP ON SENSOR Q594

CLAMPF ONSENSOR Q560

CLARMP OMN SENSOR OG5

Appearahce

8

3\ \\\

\

Primary cument rating St AT 004 AC 004 A
Cdput woltege A0 vir & A A A A A A AW A AT
hezsLrement range Ses irput specilications

Arnplitude acourscy * +0.3 % rchy. £ 002 %f=. " +0.3%rchy £ 002 %12, " +0. 3% g+ 0.01%f="
Phi=se sccuracy * 2% orle=s t +1 orlezs* +0.5% or less *
Ttz zdrnum allowable irput® A0 A corfiruous 130 A confiruous* SA0 A cortituous”

hitzzarnunn rated voltage to earth CAT 300N = CAT Il 800 Yrmnis
Frequency chaackeristics +1.0% or le=s o 65 Hz to BkiHz (deviation from specified acocuracy)

Cord length 3o (9.5411)

hez=suahkle conductor dismeer itz 1Gmm (0.59%) Itz pd Bonrn (151

Dimeresions, hizss

AEWITE1 ) T35 HS.31 2 10 [0 53 Jram,
S oz

TEW(E.07")x152H IS 98 YA 2D(1 65 Irm,
3805013 doz)

4 W0 EEHZ

Clamnp-on SerEor

CLANMF ON SENSOR 9869

FLEZIELE CLAMP ON SENSOR CTOEGY

- r/ —
Appearsnce \ .

1\ a

-~ ’\

Primary cument rating 1000 A AC S004 AC, 50004 AC
CpLt waltege 0.5en'id, A SO0 Y A1
ezsLrement range Ses irput specilications
Amplitude sccurscy * £1.0% ol & 0,01 %=, " + 20%r oy £0.3% s, "
Phase sccuracy +1° arless* +1% of le== *
Ttz zdrnum allowable irput* 1000 A confiruous * 0000 A cordifoues *

CATIN00D Virn s

hitzzarnunn rated voltage to earth CATI G00%iTnE CATIVEOD Whs
Freguency chasckristics Within 2% =t 40Hz to SkHz (devistion ¥ om scouacd +3dB or less for 10 Hz o 20kHz (within 23dE)
Cord largth B (D.B4H Serror o cincut: 2m (5.551)

Circuit bo conpecior: Im (3284

ezesLrakle corducto dizrmneer

Til=ee, 55 rrnEE 177, B0 (3 15" 12000 79 rm buskar

Nt geSdrnrn (10

Dirnereions, hess

OOLEW (3 92°) x 1S8H (7.40°) x 420 (165" mm,

Chrouithbon: ZE0 (1587 » 120.8H (4.74°) « 340 (1247 mm,

500 (208 oz ) 140 g (4.9 0z )
LRG slkmline kathery =2, AC Ad=pler joption)
Fower sLpply - ot excerral § 1o 15 W DG power supply
. 12 ADPTER 44502 rfversl 100 o 24IMA | 011ty e LS
(a7 Icd =
oA bl A3 ADAPTER 944503 lriversed 100 0 24IMA O cuti ey Eurne)
% d5toBGEHz

Clarmnp-orn Sersor

CLAMP oM SENSOR OG25-02

CLAMPON SENSOR 9525-03

o~ -
AppEatEnce " ‘
Frirnzry cumeant rafing S04 A 004, 4
CupLt woltege A0t A A A AC
ezsLrement rarge Sezirput spediiications

Amplitude acoursce *

=0 2%y £ 0,08 %1,

0.2 %rcy 2 008 %A

Phizse sccuracy

Widhin £2°

Within 1% *

itz zdrnum allowable irput®

130 A confituous *

1230 A coninuous *

Titzzdmum rated voltage fo earth CAT 1300k s, (irsuiated conductor)
Frejuency characigistic ‘Within £2% a3t J0Hz to SkHe (deviation fom sccur=cy
Cord lenath CONNECTION CORD Y219 isold separmEly) is regquired.
IlessLr sble conductor dizmeer Ntz qplSrnm (0.53)

Dirmersions, iass ST 017 S EH 2 28719 D{0.78 mm , S0ogi1.80z )
Optiorns isold sepaately DONNECTION CORD 939 (Cord lancth Em (9 541

flde: CONNECTION GORD 9219 (sold separataly) is recuired.

*o d5to 6EH

\\ CONNECTION CORDI21D
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APD

ENGINEERING

Clamp -on Ac D sensor

ACIDG CLAMP O SENSORCTOE 0
(CTE691 bundled wit the CTEA50)

ACADC CLAMPON SENSORCTIS02-00
1S5S bnded with hie CTESEN)

ACTDC CLAMP ON SEMSO R CTIEI- 00
(CTEEE bunded with the GTESE0)

AppEAECe \ e \
houdes CTOH 1, CTESI0 «1 CTO602 1, CTESI0 1 CTOEEE w1, CTESI0 1
CTOE0 ,CTOE02 CTO9593 (Jam p sensar) spediications

CTEN - CTOE02 e CTEG -
Frim ary curmentrating 1004 ACSDC SO08, ACADC 0008 ACIDC
fuaximum input range [FiS vaue) 004N 5 cordinuous SO0AMTNS CortinuaLs 20004 S continuous

hitzzdmum Fated waltage fo earth

CAT Il AC T G000

FrenLEnCy e O 10 10 KHz (-3 8 T 10 20 KHE (-5 G 10 16 KHz (-3 E)
Cord length amigath
hiessLrahle coroLctor dameter 36 mm (138 o less %3 mm (1307 o Bss 5 mm (217 1 of less

o s s SIMZIEN  1Z0HE0E = 12D(0717) T, | G244 = 167HB &) 35001 1M, | B2WIZ.447 = 106H, 7.72 = 3501387 M,
: 2300 (5.1 02.) 4100 {14 5 07 5000 {17 6 0z

CTEF0 [SENSCR UNIT) spacincations

CTESY0
FRIIOE WS COMENNGD Wi Senscr Hrange : 1004 A DG TS, Hrahoe : 2004 A/DC 15, Hfahge : 20004 &0/0G 15,
[H/L salactabig) Lrange 104 AC/ DG 15 Lrange : 204 AC/DC 15, Lrahge : 2004 AC/DG 15,

: Hrange : e, Hrange : v, Hrange : DA
Senserearbingion inytine Lrange : 10mia Lrange : fomiia Lrange : miia
Serear conbinElon messnanant rEnge Soe hiput specications
+2 0% £0 5315, (DC)

mﬁ&@?"a&m Ferkraey! +15900.£10%15. (D0 < T=66 HY | +189%00+05%15. (D0 = 1266 HZ) |£159%M020 %15, [#5:T: BHE| = 19004)
oo i 5 59600 0,595, {5 <1 GOHE, 15004 5 20008
fﬁfﬂmmmaﬁm ALY, +0deq. (D = 1 = 665 Ha) +00eq. (DG < 1 = 56 Ha) +00eg. (45Hz = 1 65 Ha)
‘Cord lengin M Eamh
Cimensions, hiass ZEWIT .42 « 120H4.727 « 3401 34" mm {euding protucing partg, 1850055 oz ) jnduding batharias)
Fowver sLpply LFG akaine bathery x2, optionsl A adapter, or Y io 15 YOG exdema power

oplons (s0ld searata v

AT ADAPTER D445-02 (UFiversal 100 10 240WAC , ShiAA cUTputnr LSA)
A ADAPTER 9445-03 Lniversal 100 10 SACMAC | 944 oUlpLtADe BLrcpe)

* . Deraling according 1o frequency

Clamp -0n ek senstr

CLAMPON LEAK SENSOR 885710

CLAMP ON LEAK SENSCR 9675

|‘"

—

Appesrace

Firn 2y cutrent rating 104 A (Up 10 54 on hod PwE 198)

Cutut witage 100 IS, A

heasLrement range Zeo input soeciications iannot beusad © measure power)

Amplitude accuracy *

+1. 0% +0.05% 15 *

+10% g £0 005% 15

Rasidud current creractanistics

fikzs, Srna,

hetz, A

{in 100 go and return deciric wire) {in 10w go and retum eleciricwire)
4008 AC A0 cotresponds 1o Sma, ex. TEma

Brtect ot extarma maghetic fidds

Itzedn U rated waltage to earth

Cord length
iz surable conductor dameter

CATHNZ00%mME jhsdated conduchor)
3 (9.8471H

il el Mmi157 1
T2 01 TAEH S 717
4201 BE)Mm, B300(13 A0z )

Tz, qpa) MM 1302 )

EOMIZ. 35 1 112 S HIA A3 )=
23 600236 mm, 180005 602 )

Cimensions, hiass
* 45T EEHz
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APD

ENGINEERING

Options CE
AL M
CLAMP ON SENSOR (Load cument, 4C) CLAMP ON AC/DC SENSOR (Load cument, AC/DC)
. \ P /7 \ y ! )
N A SR . N
Q4 2661 CT9667 CT9691-90 CT9692-90 CT9693-90
24 AC, qazeren(0.58) 2004 AC, st 1) mnam AC (sekctbie), 100AACDG £ 100 ACDC 004 ACOG/ 200 ACDG 20004 ACOG 1 2004 400G
desdmm (selectabie), {selectable), (selectbie),
Powe'wpply LPos kaline battery dremmil 23") drammit 30" EErmi217")
o P o AGADGPTER Y445 (20 {soldsqparatdy) Power supply: Pomer supply: Power supply:
\ LR& dkaline batery LR& dkaine batery LR& akdine battery
\ \ \ o MG M0PTER Qa5 (08 or MGADWPTER S4450808 or M3 MUPTER 4450208
“\ {sold ssparatdy) {sokd separaely) {sold s=paratdy)
0660 \ 60 \ The CTa5en 20, CTSE22 20, and CTSEG-90 mpesent he respective damp
1008 AC, ¢4 Zeren(0 58 0008 AC, qearm(247), sensor buncled wit the CTEER0 Sensa Unit.
20(3.15%:2000.79 M busker
CLAMP ON ADAPTER CLAMP %N&%@%%&Q&w Current)
-~ & - _
- N2 o
9605-02 {00 AC) CONNEGTION CORD9212 923010 mmkq Seery 0675
0695-02 {100 AC) Forconnedting 9635-02,3595-05 dpemnn(217 9, 10% AC Upto 54 cnMod PUI3158), 10 AC{UptosA cn Modd PU8),
$15mm (0.58"), CONRECTIONGORD  Gord length : 3m (3:54ft) 203157200079 ) buskar, wnng]lg‘). gEonnmid 18,
219 t5required (M sxparately) Cordlength :3mi(9.341t)

q. 4

WIR IN G ADAPTER WIR ING ADAPTER MAGHNETIC ADWPTER 9804-01 (red) GRABBER CLIP - >
MAGHETIC ADAPTER 9804-02 black) 9243

irenin.az")

F0r3pwf IMRING FasPleMRING Magnetic tip for use with the standard Forusewit thesandard
Yoltage Cord L1000 Yeoltage Cord L1000
[N (generlly canpatible wit ME pen screws)
/—m’/ T p— PQA-HMIEW PRO 0624-50
Purchase e q.uanmy andcobr Use Model 9524-20 POA-HIVMEW PRO
approprate for (version 2.00 a kter) with 3 PC © analyze
Reduce voltage cords for easy wining (Eamplz P - SJW M 4adama$) | thecht cdlecedby!he Ps1SE.
1 Bund ed accessoies
7 . ~
/
Uo & Cord L1000 AC ADAPTER Z1002
, 3pproK. 3meach: Power aupply for fie P31
1 each red, vellow, blue, 100Y AC to 2400 AC
POWER QUALITY ANALYZER PW3198 and gray plus 4 black;
CARRYINGCASE  CARRYING CASE undled acoassories) saligatrclips:1 each red,
C10t1 1002 SD MEMORY CARD 2GBZ4001, vellow, Hue, and gy plus
Softcase Hardcase YOLTAGE CORD L1000, AC ADAPTER Z1002 4 black
450N 34900x 2100mm 413 598Ny 26500 m BATTERY PACK Z1003, Ingtruction manual
(177'Wx 13 B Hx 83'T) (163" Wx 234'Hx 104'D) ement quide, , LSB cable oz il
| 3aka{120ce) g [2010z) J 5
: | POWER QUALITY ANALYZER \
. PW3198-90 = A
1] (Setwith PQA HIVIEW PRO 9624 50 SD MEMORY CARD 2GB BATT ERY PACK Z1003
and bundled acoessaries) Z4001 Ni-WH, 72 Viagoamah)
IMPORTANT IMPORTANT
GPS BOX PWI005 Use Model PQA-HVIEW PRO 9624-50 Use only the 5D Card
To synchronize the P31 96 dack, (wversion 200 orlated with a PC t0 analyze Z4001 sold by HIOKI.
Accesscry: Connectiqn cableset | the data co llected by the PU2198.

@Combination example: For three-phase 4-wire circuits containing leak current

PW2198-90 + 9661 x 3 + 9675 + PWa001 + C1001
POWER QUALITY ANALYZER ~ CLAMP ON SENSOR (5004) CLAMP ON LEAK SENSOR WIRING ADAPTER CARRYING CASE

PA3198 sot wit
PQAHVIEW PRO 9624-50

Mow Compamy mamer amd Produce mamer img o ohix loy o kT or reginwead coadamanky o war iowT compamier.

HIOKI (Shanghai) Sales & Trading Co., Ltd. :
H I O K I TEL +&86-21 63310090 FA}(+66-21&91%83 DISTRIBUTED BY
hti diwvan.hicki.co / E mail: info@hickd comen

Beijing Office : TEL +86-10-84413761
HIOKI E. E. CORFPORATION FAX 4861084413753 / E-mail: mbtg@hokl com.en
Guangzhou Office : TEL +86-20-383
Headquarters : FaX +35-203830e&7 9/ E-mal: mbgz@hoklcomnn
&1 Kotzumi, Ueda, Nacano, 3354192, Japan  Shenzhen Office : TEL +86756-23003367
TEL +81-268-28-0962 FAX +81-258-28-0868 FAX +86-755-83059160 / E-mail:infos7&hicki comen
htp:wws ticki cojp/E-mal: oscan@hick cajp HIOK| INDIA PRIVATE LIMITED :
TEL +91-731-8645051 FAX +91 7314000083
E-rrai: info@hicki in

HIOKI USA CORPORATION : HIOKI SINGAPOREFTE. LTD. :
TR +1-609-409-H09 FAX+1-609-408-H08 TEL +65-6534-7577 FAX 465 65347477
htp kiusa comn/ E-ml: hoki€hiokiuzsa com E-m:i:info@hiddcomsg
Al vfarmation comrectas of Sep. 5, 2012, ATl pecificatiore are aahjct to change withot rotice. PUEIRES-29E  Privded i Japan
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Figure 7 | TC1 End Flicker measurements
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Figure 9 | TC1 End Voltage measurements
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Figure 10 | TC1 Start Frequency measurements
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Figure 11 | TC1 End Frequency measurements
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Figure 12 | TC1 Start U-THD measurements
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Figure 14 | TC1 Start Harmonics
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Figure 15 | TC1 End Harmonics
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FEEDER TC2 FLICKER, VOLTAGE, FREQUENCY AND HARMONICS

APPENDIX B.2.
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Figure 16 | TC2 Start Flicker measurements
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Figure 17 | TC2 End Flicker measurements
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Figure 19 | TC2 End Voltage measurements
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Figure 22 | TC2 Start U-THD measurements
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Figure 23 | TC2 End U-THD measurements
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Figure 24 | TC2 Start Harmonics
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Figure 25 | TC2 End Harmonics
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FEEDER TC3 FLICKER, VOLTAGE, FREQUENCY AND HARMONICS

APPENDIX B.3.
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Figure 26 | TC3 Start Flicker measurements
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Figure 27 | TC3 End Flicker measurements
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Figure 32 | TC3 Start U-THD measurements
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Figure 33 | TC3 End U-THD measurements
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FEEDER TC4 FLICKER, VOLTAGE, FREQUENCY AND HARMONICS
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Figure 36 | TC4 Start Flicker measurements
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Figure 37 | TC4 End Flicker measurements
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Figure 39 | TC4 End Voltage measurements
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Figure 40 | TC4 Start Frequency measurements
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Figure 41 | TC4 End Frequency measurements
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Figure 44 | TC4 Start Harmonics
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Figure 48 | STS1 Start Voltage measurements
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Figure 49 | STS1 End Voltage measurements
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Figure 54 | STS1 Start Harmonics
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Figure 56 | STS2 Start Flicker measurements
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Figure 58 | STS2 Start Voltage measurements
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Figure 59 | STS2 End Voltage measurements
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Figure 40 | STS2 Start Frequency measurements
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Figure 61 | STS2 End Frequency measurements
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Figure 63 | STS2 End U-THD measurements
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Figure 64 | STS2 Start Harmonics
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Figure 65 | STS2 End Harmonics
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FEEDER STS4 FLICKER, VOLTAGE, FREQUENCY AND HARMONICS

APPENDIX B.7.
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Figure 66 | STS4 Start Flicker measurements

0
™
L
y—
@)
N
L
-
()
(®)
O
oL,

W_APDO06918




;
<

ENGINEERING

o - O0ETT TZ0Z /90,8 - 3 O0-TT TZ0Z/30/8 = 3 | DO'ET TZ0Z/90/8
E E E A
3 ¥ = o 3 o
00°9 TZ0Z/90/8 m 00°9 T20Z,/90/8 1, 00'9 T202/90/8
= % =
£ 1 £
- %, 0020 TEOZ/90/8 - z 000 TZ0Z/90/8 a 4 | 00'0 TZDZ/90/8
m : | m .m. .m _w
43 x -~ o =1 <4
3 e 7 g o '
G - =% = k a ot
_ ~= | OUSTTZ02/90/L _ ) 0081 1202/90/L _ T} | 08T TZ02/90/L
_ = _ L |
B £ ovzrraoy/soe N oozt zoz/s0/L - J | oo:zn Tzoz/s0fe
£ N C ! & H
L 009 1202/90/1 | o0°e T20Z/90/L M 00'9 120E/90/¢
p3 3 J;
b v g e B
& 2 000 TZ0Z/90/t d < 00°0 TZ0Z/90/¢ & < | 000 T202/90/L
- S 3 .".H
E 1 T
£ oot rzoz/%0/9 § oost 1z0z/90/9 { | 00'8T TZ0Z/90/9
= 3 3
= O0ETT TZ0Z/90/9 & DOEET T20%/90/9 & | 00121 TZ0Z/90/9
o~ . ..x. L j b ...
yra o0ee TZ0Z/90/9 w 00a TZ0Z/90/9 T 009 TZOZ 909
3 | 3
= 000 TZ0Z/90/9 I ooo 1Z0T/e0/9 w,.u 00:0 TZ0T/90/9
L e I~
2 w 3
“ur ] ..._ﬁ
" OCET TZ0E/90/5 L ooEt T20E/90/5 <F. | DO'RT TZOZ/90/S
1. x 1A
f”u. DOZT TZ0E/90/5 = DOCET TZ0E/90/5 | DET TTOL 90/
3 i 3
3 < m
- 000 T202/90/5 4 oo TZ0T/90/S + | 009 1z02/90/S
- 8 = | T ¢
w} 7 (w} J W )
_ - b = [ Ih“..
o - 000 TZ0Z/90/5 i v.ﬂ 000 T20Z,/90/5 x L. 000 TZ0T/90/5
5] — = : I
= i w Z W
8] - [ ! [&]
w Jf 00°8T TZ0Z 90/t L g 00-3T TZ0Z/90/¥ w Y DO'RT TZ0Z/90/v
i " .}
I & 1
= { i
J= OTT TZ0Z 90/ B 4 120z/90/v | S, | DOVET TZOZ/o0/v
3 3 wl
Fia 009 TZ0Z/90fY % o009 Tzoz/e0/v T | oo:s Tzoz/a0/w
= 000 170290/ T D00 TTOZ 90/t | o0 TZ0Ef90/v
; ] )
I“....IMI l..u_. ._.W.
|..J... 00°8T TZ0Z/90/E E  poeT TZ0T/90/E ..,,w_ O0'8T TZOZ/90/E
-3 - |%
S ...w ..,w_
—r I
£ o0:eT 120z e0/s < DOCZT TZOZ/90/E & 00iET 1202 90/E
=1 5 73
= 3
4 1 3
= 009 TZOZ/90/€ Lm D09 170Z/90/c .J“.., 003 TZ0E/90/€
>
£ g 3
F 3
S 00D TT0Z/90/f¢ ,ﬁ, O0°0 TZ0T/90/€ L 000 TZ0Z/90/8
E ]
i g +
£ 4
= 00°8T TZ0Z/30/T m D0:8T TZ0T/90/t mw 00°8T TTOT/90/T
= m". .m
=5 3
= 0021 TZ07,/00,7 w D0-TT TZOE 90/T ._”_.; 00ET TZOZ/90/7
- g N
2 D0°9 TZ0Z/90/T w. D9 TE0Z/90/% L 00i9 TZ0E/90/T
£ ! J
H |
1 | L
£ ovot2oz/e0/z _” D00 TZ0Z/90/2 { | oo 1202/90/2
...”.. ) [ il
Bt 3 »
..T O0°8T T202/90/T _m O0:8T T20%/90/T L.h DOCBT TZOT 9041
= p =
= ¥ e
4 D0:ZT TZ0Z/90/T DO'ZE T202/90/T | oozt tzoz/eo/t
& 8 8 8§ 8 8 8 SEEEE8E888¢8¢8 SS8E88888¢8¢88
2= 8 8 8 8 8 8 28888888838 2888888888
N &8 8 8 § A 8 mEZsNS®E=T NGO REINEBBT NS
i a4 5 &8 o6 o o R R-E-R-R-R-N- - - N-E-N-

Figure 67 | STS4 End Flicker measurements
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Figure 76 | STSé Start Flicker measurements
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Figure 77 | STS6 End Flicker measurements
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Figure 79 | STS6 End Voltage measurements
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Figure 82 | STSé Start U-THD measurements
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Figure 84 | STSé Start Harmonics
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Figure 93 | STSé End Harmonics
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APPENDIX C.  ELEC. FAULT LOGS (2020/2021 FY)

Event | Notification Date Outage Affected System Circuit- Effect on operations
Number Duration Generation/Fdr/Distribution | Voltage Breaker/Fuse Total
(1SAP) (mins) Description kv that cleared the Consumers
fault affected
455 430018054 | 6/05/2021 258 North Newman Giles Ave 11 Town REC Loss of power to portion of North 217
31/48A Giles Ave | Newman- mostly services in Giles
Ave
(T7,T94,T20,T19,T4,PS129,T3,T42
& T2 adding up to 217 customers)
452 23/04/2021 289 Whole of South Town Sub 11 Generation Town Backout 793
Failure
451 23/04/2021 289 Whole of Town Sub 11 Generation Town Blackout 1712
Failure
450 429871353 | 20/04/2021 82 Newman Airport Feeder 11 Rec 34/47 Loss of supply to part of East
Newman and Airport line
449 429700850 | 31/03/2021 0.5 STS1 and STS2 11 STS1 & STS2 Momentary loss of supply to STS1
and STS2 town feeder.
446 429534146 | 12/03/2021 261 Town T81 11 Town DOF Single source use transformer T81 2
35/14/3 to Kurra recreation area
442 429244065 | 7/02/2021 33 Portion of East Newman 11 Town Fdr TC2 Portion of east Newman 349
439 434623745 | 30/01/2021 240 North Newman Region 0.415 PS38 - Pillar 134 Loss of supply to 18 residential 18
Feeder services North Newman region.
438 429125215 | 24/01/2021 102 North Newman Region 11 TC3 - RMUO1 Loss of supply to residential & 550
feeder commercial establishments at
North Newman region - Minbalub
Cresent.
432 428836004 | 19/12/2020 24 TC4 & Recloser 34/37 11 REC 34/37 Loss of power to parts of East
Feeder Newman, Gun Club
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431 428818541 | 16/12/2020 1417 Town Sub Fdr TC4 11 REC 34/64 Loss of Supply to Gun Club,
REC34/64 Airport Corner B Pump Station, Newman
Airport, Capricorn Roadhouse
426 428565142 | 26/11/2020 99 Town Recloser 31/48A Gile 11 Town Recloser Loss of supply to approximately 40
Ave 31/48A Gile Ave - homes.
Earth Fault
421 19/10/2020 90 T14 Loads 11 DOF feeding T14 | Loss of supply to approximately 14 20
homes and the Newman police
station.
419 428075629 | 10/10/2020 80 Town Sub TC1 11 Town Fdr TC1 Loss of power to portion of Town - 400
East and South Newman
414 WO 3/09/2020 149 10 Residential Units in 0.415 Pillar Fed fromt Lost 415V supply to 10 customers
434429615 Newman Town T48
410 427223216 | 4/07/2020 482 PS121, PS120 and T6 11 RMU9000-PS111 Loss of supply to Newman 3

cb
RMU9000-
31/46/4 cb

Season's Hotel and YMCA
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