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1. General Information

The HVPD Mi n iarfl PMsensors have been designed for use only

connections of power cables.

connection of sensors or accessories.

Under no circumstances _ should the HVPD Mini E Monitor or PD
sensors be connected to the high voltage terminals of plant under test.

on the earthed, outer surfaces of metal -clad equipment and the earth/n eutral

The HVPD MiniE Monitor safety earth
HVPD Mini E Monitor and the substat.i

1.1 Safety Precautions

c
on

Before using the HYPDMi ni E M3emsors and Accessories in the substation or switchyard it is
important that the user reads and understands the instruction manual and takes into account the

following general safety information :

The user should obey the plant owner's safety rules at all times.

= =4

accessories be connected to th e high voltage terminals of plant under test.
Do not use the equipment if it is damaged.
Inspect and test all ground leads and signal cables for continuity.

Ensure all cabling is made in a tidy fashion and does not pose a trip hazard.

E R N

site tests to ensure that the site results have been correctly recorded.

1.2 Environmental Protection Announcement

This product contains general electronic components that may be environmentally
harmful if improperly disposed . Please use correct disposal methods in accordance
with local regulations.

1.3 Abbreviations

BNC Bayonet Neill-Concelman connector (RF cable termination)
FTDI Future Technology Devices International

FTP File Transfer Protocol

GPRS General Packet Radio Service (cellular communication)
HFCT High Frequency Current Transformer

HV High Voltage

LCD Liquid-Crystal Display

MV Medium Voltage

PC Personal Computer

PD Partial Discharge

RMU Ring Main Unit (also occasionally known as padmounts)
TEV Transient Earth Voltage

USB Universal Serial Bus

WAN Wide Area Network (the Internet)
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2. Standard Scope of Supply

HVYPDMi ni E Monit or

2x HFCT 100/50 Sensors

2X CC-SG1 TEV Sensors

4x 10 m BNC Cables

1 dB Antenna with 3 m Cable

HVPD Mini Reader® Software for
Microsoft ©® Windows ©

USB A-B Cable

AC/DC Power Supply

5 m Protective Earth Cable

Optional Accessories

Wall-Mounti ng Plate

3 dB Antenna with 5 m Cable

2x HFCT 140/100 Sensors

2x HFCT 220/150 Sensors

2x HFCT 75/35 Sensors - Permanent
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Hardware Details

Detection Frequency Range

100 kHz - 50 MHz (Ultra-wideband)

HFCT Input Channels 2

TEV Input Channels 2
Input connection type BNC
Input connection internal impedance 50 VY
Data Acquisition

Data Capture Method Continuous
Trigger Source Automatic
Acquisition Period 160 ms
Logging Interval 30 min

Maximum Data Storage

2 MB (1 year storage)

Data Management

Manual/remote memory reset after 1 year

Onboard Interface

LED Indicators

Power, Alarm, 7 Level Peak PD Indicators

per Channel
Display Type Backlit Monochrome LCD
Display Size (Diagonal) 56

Display Resolution

240 x 128 pixels

Display Menu Control

Up/down push buttons

Connectivity

Data Access Onboard LCD Display/Upload to FTP Server
via GPRS/Local Download via USB.

USB 1.1 1

GPRS Antenna (SMA) 1

Enclosure Details

Dimensions (H x W x D)

180 x 280 x 100 mm

Weight 3.76 kg
Enclosure Material Die-Cast Aluminium
Finish Polyester Powder Coated

Operating Env ironment

Temperature Range

-20040 °C

Relative Humidity < 90% (non condensing)
Power & Earthing

Supply Voltage 12v DC
Supply Current 2A

Power Supply Connection Type 3 way XLR
Protective Earth Cable Connection Type M6 Lug

Power Supply (UK/EU)

V, 220-240 V AC 50/60 Hz
Vout 12V DC
Dimensions (H x W x D) 65 x 125 x 90 mm
AC/DC Power Supply Weight 1.26 kg
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4. HVPD Mini E Monitor Introduction
Switchgear
/ under Test

[,'m—n] (Hveo!

Cables '
under Test \

L

T |

Figure 1: HVPD MiniE Monitor in Substation

The HVPD MiniE Monitor is a 4 channel on-line partial
discharge monitor for medium voltage (3.3 kV to 45 kV)
cables and metal-clad switchgear. The system is
designed for on-line partial discharge monitoring of in -
service equipment without an outage for installation or
operation. lItis a portable, stand-alone device suitable for
both temporary and permanent installation. The primary
application is for paper (PILC, PICAS), XLPE and EPR
power cables and metal-clad air and solid insulated
switchgear.

The HYPDMiniE Mo nis designed for use with non-

<6 300
12 600
17 1,100
25 2,600
30 5,500
35 8,500
>40 >12,000

What is Partial Discharge and why
test for it?

Partial Discharge activity is localised
electrical breakdown between two
electrodes that does not completely
bridge the gap between them. PD
activity is indication of incipient faults in
the insulation and is widely regarded
as one of the best indicators of the
deterioration of medium and high
voltage insulation.

invasive PD sensors (HFCT and TEV)that are attached to the earthing of live MV cables and
switchgear to detect the electromagnetic radiation from PD sites. PD signals are measured by
the sensors and processed by the HYPD MiniE Mo n i tembeddsed hardware. The system
utilises synchronous capture of signals from the two HFCT channels and two TEV channels
for signal precedence measurement that allow localisation of PD signals to cable feeders or

switchgear panels.

An instantaneous display of the peak PD level is given for each channel on the seven level LED
arrays. The LCD display shows the peak level and precedence for the past second and 24 hour
period. The logged data is stored locally on the inbuilt flash memory for local downloaded to a PC
with USB or regular upload data to a remote FTP serverwith the inbuilt GPRS modem. Data can be
viewed on a PC with the HVPD MiniReader® software for Microsoft® Windows®.
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5. HYPDMi ni E M6 Key Features Summary

9 Continuous 24/7 monitoring of PD activity in MV metal -clad switchgear & cable feeders.

1 Installation and monitoring without outage.

1 Precedence detection for both cable PD (HFCT) and local PD (TEV) signals to show6é wh i ¢ h
pul se ¢ amedetérinineghe éablafeeder or switchgear panel that is the source.

9 Four input channels: Two HFCT channels for cable PD measurement and two TEV channels

for local PD (cable terminations, switchgear) detection.

Suitable for installation at primary substation or secondary substations/ring main units

Detects load varying and intermittent PD activity.

Compact and portable enclosure with a carry handles for permanent or temporary installation.

PD spot-test function to quickly find circuits with cable/local PD activity using PD level LEDs.

Measures and logs PD magnitude (pico coulombs on HFCT, dB on TEV) and PD count

(number of pulses) to provide a measure of the cumulative PD activity in each me asurement

period.

Stores up to 12 months of 4-channel PD monitoring data on local flash memory.

Data upload to HVPD remote server via GPRS

Remote access to data via FTP download/web interface.

Alternative local user download via USB for conditions where G PRS upload is not possible.

= =4 =8 -8 A

=A =4 =4 A

6. Product Description

USB Interface GPRS Antenna
Port Connection

DC Input

TEV-1 PD

Level LEDs

Menu Scroll

Keys

HFCT-1 PD
TEV-2PD Level LEDs

Level LEDs
Power
System Alarm HECT-2 PD
Level LEDs

TEV Sensor
Inputs
HFCT Inputs

Figure 2: HVPD MiniE Monitor Connections

6.1 Hardware

The HVPD MiniE system consists of the main unit, two HFCT PD sensors and two TEV PD sensors.
The unit has four BNC ports for attachment of two HFCT and two TEV PD sensors using the supplied
BNC cables. The unit is DC powered with a supplied AC-DC adapter. For safety the HVPD MiniE
Monitor is to be connected to the substation earth using the supplied protective earth cabl e.
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A USB port is on the unit for connection of a PC for test data set-up and data download using the
MiniReader software.

The unit has an inbuilt monochrome LCD display for viewing of current and past 24 hour test results.

Remote data access can be established using the inbuilt GPRS modem. With this data is uploaded to
an FTP server where it can be downloaded or viewed with a web interface.

6.2 Software

The HVPD MiniReader® software is used for at-site configuration ofthe HYPDMi ni E Moni t or t ¢
local data download over USB, remote data download over FTP and data analysis and reporting. The

software can be installed on Microsoft Windows © 2000, XP, Vista and Windows 7.

Please contact HVPD for FTP user account details and remote access options

I\

-47/\ %

use GPRS

\g Internet

Figure 3: Communi cation Options betweenthe HYPD Mi ni E Moni tor and the User 6

The key features are as follows:

Configuring input data relevant to the test.

Downloading of the logged data locally over USB

Downloading of the logged data remotely from FTP server.

Display of PD trending graphs showing recorded PD levels and number of pulse/events count
in each PD band level

=A =4 =4 A

1 Display of the PD pulse precedence
T Display of the édcumul atived PD Activity (magnit
1 Generation of reports in Microsoft Word .doc format
1 Generation of recorded data to an ASCII file for import into Microsoft Excel or charting
software.
HVPD MiniReader © Software System Requirements
Recommended Specification
Operating System Windows® 2000/XP/Vista/Windows 7
CPU Pentium or equivalent
RAM 512 MB
Disk Space 1 GB (for HYPDMiniE Mo ndata o
file storage)

9/60
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6.3 HFCT and TEV PD Level and Count Banding

The PD levels are recorded and displayed on the LEDs and LCD display in 7 PD level bands. The
bands are colour coded in a traffic light system, based on the severity of the PD. The PD bands are
in pico-Coulombs (pC) for the HFCT sensors and decibels (dB) for the TEV sensors. These bands
correspond to the 7 segment PD level LED on the onboard user interf ace. For each of the 8 PD level
bands, the numbers of PD pulses (count) that occur in that band are stored in 15 count bands.

<6
12
17
25
30

1
2
3
4
5
. 35
>40

300
600
1,100
2,600
5,500
8,500
>12,000
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13
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15

none
19010
11 650
51 8 250
251 6 1000
1001 8 2000
2001 ¢ 3000
3001 9 4000
4001 6 5000
5001 & 6000
6001 & 7000
7001 6 8000
8001 0 9000
9001 6 10000
10001 6 12000
Memory Empty
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7. Procedure

On-site

On-site/Office

étop/Resuts < Set-up

Figure 4: Flowchart of the site evaluation, installation and set

Site Suitability

(

Identify Cables/Plant to be tested: Voltage level, cable
type, plant type

v

Check mains AC Supply Availability

v

Check GPRS signal strength

v

Check if switching is required to install sensors.

Check Cable/Switchgear Suitability for PD Sensors. Ly

Arrange Switching If
Required

v

Installation

(

Connect Protective Earth Cable to HYPD-Mini and

Substation Earth

v

Attach PD Sensors to Cable Terminations/Switchgear
and connect signal cables to HVPD-Mini

v

Connect GPRS Antenna Cable to HVPD-Mini and
Mount Antenna

Connect Power Supply to HVPD-Mini and Mains AC
Supply, Data Collection will Start Automatically

v

Test GPRS Connection and Reposition Antenna if
Required

v

Connect HVPD-Mini to PC with USB Cable and Run
MiniReader software

v

Enter Test Details: Company, Substation, Staff,
Circuits, Cable Types, Plant Types, Voltage

Download Data via USB Stop Test

or FTP

v

View Results

v

Generate Reports

discharge monitoring session on medium voltage cables a

11/60
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8. Installation Overview

8.1 General Site Suitability and Precautions

9 Ensure local mains AC power is available at the correct voltage for the power supply
provided with the HYPD MiniE Mo ni t or a rpdwertcébke is poarieates to a socket
with a protective earth .

1 Check GPRS network coverage. The GPRS signal strength can be viewed on the
HVPD MiniE Monitor LCD display - see page 18. Signal strength of at least 5 is required.

1 Ensure the installation is safe . Cables for the PD sensors, power supply and GPRS antenna
should not become a trip hazard.

= =4

The protective earth cable MUST be connected to the local substation earth .
Ensure that the feeders installed are on-line or will be on-line in the near future.

8.2 Installation Diagram

TEV1 TEV 2 GPRS Antenna
/ Matched \

/ / length
cables ‘

Protective | —7——_ |

Earth Cable | L \
L L5 :

Y AW Y S
/ K Matched
. - length
HFCT 2 cables
HFCT 1

|

Figure 5: HVPD Mini E Monitor Installation Diagram

8.3 Sensor Connection Notes

1 The HFCTs should be installed with the arrows pointing in the opposite direction to the
substation earth bar where the cable earth is terminated.

1 Only use the supplied BNC cables. Matched length cables must be used .

1 TEV Sensors should be placed with a separation 1 metre or less.

8.4 Installation Procedure

1.
2.

3.

©oNo v

Mount HVPD MiniE Monitor and power supply on wall bracket or suitable position.
Connect protective earthing cable to the HVPD MiniE Monitor AND to substation
ground.

Connect HFCT sensors to cable earth straps in the opposite direction with respect to
earth, see Figure 8. Cable terminations MUST be suitable, see section 18.

Connect TEV sensors on the surface of the metal-clad switchge ar, close to
vents/gaskets wherever possible, with a separation of 1 metre or less between them,
see section 8.13. Switchgear MUST be suitable, see section 18.

Connect GPRS antenna.

Stow all cables and power-up unit.

Test GPRS connection, see section 8.14.

Connect HVPD MiniE Monitor to PC and run HVPD MiniReader® software, see section 17.

12/60
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It is recommended to carry out an on-line spot-test prior to commissioning an HYPDMiniE Monitor
using an advanced on-line PD diagnostic device such as the HVPD LongshotE unit. This allows the
pre-qualification of the origin of local PD signals and the noise at site.

8.5 Placement in Substation
The HYPDMi ni E Moni t or sdna flat sdrfade er orptthe mati@ndl wall -mount plate. The

HVPDMi ni E Moni tor should not be placed directly bes
devices in the substation.
All BNC signal cables, power supply cables, GPRS antenna cable and protective earth cable should
be securely tidied as so they do not become a trip hazard.
8.6 Installation at Open Points on the Network
The HFCT precedence detection will not function correctly if HFCT s are attached to cable feeder that
are open circuit. This is the case when the HYPDMi n Mdnitor is installed at a ring main units or
secondary substation with only two feeders and one of the feeders is an open-point.
Monitoring of PD activity is still possible with the HFCT sensors attach ed to the closed -circuit feeder,
providing there is still significant substation impedance seen by the closed circuit cable feeder ; this is
generally achieved if a distribution transformer is attached. It should be noted that when there is no
other feeders attached the sub station impedance will be much higher and thus the PD current
magnitudes measured by the HFCT sensors will be less. If the distribution transformer is also
disconnected then detection of any PD signal with HFCT sensors may not be possible.
TEV PDactivity and precedence should still function correctly in the case where circuits are open. A
high precedence count in the direction of the closed circuit feeder is expected.
8.7 Measurement of PD in Distribution Transformers and Other Cables at Substation with
HFCT Sensors

With the normal installation with the HFCT sensor placed in opposite polarity with respect to the earth
connection, the HFCT precedence detection will work only for pulses propagating through the
substation from one of the cable feeders. PD pulses must be the same polarity on both HFCT sensors
for the precedence detection to operate. In the normal HFCT installation configuration, PDs from
other sources such as the distribution transformer or other cable feeders on the busbar will have
opposite polarity pulses on the two HFCTSs, and thus will not be preced ence-detected. The PD
activity measurements will however still function for these PD sites.

Polarity of HFCT Signals for Different PD Inception Points

PD Inception Point HFCT 1 Polarity | HFCT 2 Polarity

HFCT 1 Cable Feeder + +

HFCT 2 Cable Feeder + +

Other Cable Feeder or + o}

Distribution
Transformer/switchgear
+ = Same Polarity, d = Opposite Polarity

8.8 Installation Period
The HYPDMi ni E Moni tor i s desi gpagaldistharge noritaringt Thée o | ong t

minimum recommended installation and monitorin g session duration is 24 hours. Installations for
periods of at least one week are recommended. Longer -term and permanent installation allows for
rising PD levels over longer periods of time to be detected.

13/60
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8.9 Protective Earth

The protective earth cable has an M6 Lug (pictured below) for connection tothe HYPD Mi ni E Mo ni t
and a crocodile clip connector attachment to the substation earth.

M6 Lug \

.~

I
/ ~
®

Poweringupthe HYPDMini E Moni t or is achieved
power cable to the DC input.

8.10 Power Connection

DC Input

Mains power is provided to the HVYPDMin i E M oviaiart ACIDC
transformer connected to a mains supply and DC input on the top of the
unit (pictured right). The HYPDMi ni E Mshould alveays be
connected to a mains wall outlet that has a protective earth.

14/60



HVPD Mini Mo ni t odPE0400RT®01-DMa n u a |

8.11 PD Sensors
Two types of PD sensor are used with the HYPDMi ni E Moni t or :

1. The High Frequency Current Transformer (HFCT, see Figure 6) for attachment at power
cable terminations and detection cable PD and local PD in the cable terminations and local
plant/switchgear.

2. The Transient Earth Voltage sensor (TEV, see Figure 7) for attachment to metal-clad

switchgear and detection of local PD in the in the cable terminations and local
plant/switchgear.

The sensors should be connected to the HYPD Mi n Mdnitor using the supplied BNC cables only.
An example of installation is shown below in Figure 8.

Figure 6: HVPD HFCT 100/50 High Frequency Figure 7: HVPD CC-SG1 Transient Earth Voltage
Current Transformer (TEV) Sensor

]
)
"

Figure 8: Simple Installatio n Diagram: HFCT polarity h ighlighted and TEV sensors placed beside vents on
switchgear with a separation 1  metre or less .

15/60
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8.12 HFCT Sensors Connection

It must be ensured that the cable terminations are suitable for HFCT installation, see Figure 9. HFCT
sensors can be attached to single phase or three phase cables.

In order to detect PD signals from MV power cables with HFCT sensors there are two earthing
prerequisites which have to be met, as follows:

1. There must be independent access
the switchgear/transformers.
2. There must be an insulated gland between the cable earth and switchgear earth.

to either the earth -straps or cores of the cables at

To measure the PD signals it is hecessary to intercept the currents either in the conductor a lone (i, ),
or the earth strap / earth drain wire alone (i.). If the HFCTs are installed so that both the conductor and
screen pass through the middle of the colil, then the PD signals cancel each other out and no out put
is obtained from the HFCT.

Cable Termination Options

PD earth current =i PD conductor current=1i i,

— Option Option A — Option —

2 3

1
i* Option
eull aul
= }T .

[
/i/v — .

Option
1

OK
(insulated gland)

OK
(insulated gland)

OK
(insulated gland)

No Signal
(plumbed gland)

Figure 9: Cable Termination Options

for HFCT Attachment

In order to attach the PD sensors it may necessary to switch the
circuit out in order to access the cable terminations. Ensure that
the cables/plant is in-service/on-line or will be on-line in the near
future.

The HFCT sensors should be attached to individual cable earth
connections as opposed to common earth cables that are used
to connect the sheaths of several cables to ground.

The two HFCT sensors s hould be installed with the arrow s
pointing in opposite direction towards the  earth in the

substation where the earth sheath is terminated, see Figure
10. One should point TOWARDS earth, and one AWAY from the earth

Figure 10: HFCT Polarity Arrow

Photographs of suitable and unsuitable cable terminations are shown in Section 15.

16/60
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8.13 TEVSensors Connection

In order to perform on-line PD tests using TEV sensors on MV or HV switchgear, there are two pre-
requisites which have to be met, as follows:

1. The switchgear must NOT have a double skin metal enclosure.
2. There must be vents/openings in metal enclosure for electromagnetic signals to emerge
on outer surfaces of switchgear housing.

The TEV sensors should be attached to the metal-clad switchgear close |

to vents or gaskets on the metal-clad housing, wherever possible.
=S

The two TEV sensors should be placed on the same plane, either

vertically or horizontally spaced with a separation of 1 metre or less. = | 1 metre
However for solid or oil-insulated switchgear, this separation must be or less
reduced, due to the attenuation of signals within the compound [ =

insulation. This is to ensure correct function of the HVYPD MiniE lL_ﬁ_,,,,A - L_\:_ﬁ|
precedence detection which compares the arrival times of PD pulse on D N ol T 3

the two sensors and indicates the sensor closer to the PD source.

Precedence measurements are only given for PD sources of 25 mV magnitude (Yellow 2) and above,
removing unwanted background noise.

8.14 GPRS Signal Strength and FTP Server Connection Test
The HVPD MiniE monitor main page on the LCD screen shows the signal strength of the GPRS
connection as a number.

99: unknown/no signal strength [ERen

00: lowest signal
31: highest signal 09 GPRS23  Mer

A signal strength of at least 5 is required. A high-gain 3 dB antenna is available as an optional

accessory for cases where the network signal is weak.
5

GPRS-FTP Server Connection test:

1. Press and Hold the two menu buttons for 30 seconds untill message
OGPRS WAITO6 is displayed.

2. After around 10 seconds the mdgsage

3. After 2 minutes if successful the m
PASSO

4. If unsuccessful one of the following messages should are displayed:

O0GPRS UFLTOG

COPPOPP

GPRS-FTP Server Test Status Messages -

GPRS UPLD Uploading to Server

GPRS UPOK Upload Successful

GPRS TEST FTP Connection Test Started
GPRS PASS FTP Connection Test Passed
GPRS FLT1 Failed Test (Upload)

GPRS FLT2 Failed Test (Download)
GPRS FLT3 Failed Test (File Mismatch)
GPRS UFLT Upload Failed

Please contact HVPD for details of SIM card requirements and setup of FTP Server access

17/60
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9. Onboard User Interface

The HYPDMi ni E Moni tor onboard user- i
coded PD Level LED arrays for the TEV1, TEV2, CT1 and CT2 channels
and a 56 monochrome LCD displ ay.

1
2
The 7-level LED arrays provide an instant measure (six times per i
second) of PD level-band in the cables and plant to which the sensors 5
are attached. The LCD display is scrollable using the menu buttons to
give instantaneous display for the PD level band and precedence and .
24 hour logs of the PD level bands and precedence.

TEV 1PD

LCD
Display

<6
12
17
25
30
35
>40

300
600
1,100
2,600
5,500
8,500
>12,000

Level www.hvpd.co.uk
LEDs HECT 1
. 7 PD Level
Amplitude (dB) Amplitude (nC)
TEV1 TEV2 HFCT 1 HFCT 2 L E DS
2520 3539 1133 1133
Band 4 Band 6 Band 3 Band 3
Menu Buttons e
2 Leads 1 2 Leads 1 o
Synch Synch 526
12:39 13-03-09 GPRS 23  Memory 4%
HVPD Mini Monitor™ HFCT 2
TEV 2 CT1 PD Level
TEV 2 v A 4 LEDs
PD Level
LEDs
Input
9.1 LCD Display Main Page
Amplitude (dB) Amplitude (nC)
TEV 1 TEV 2 HFCT 1 HFCT 2
TEV1&?2 HFCT1&2
amplitude Band 4 Band 6 Band 3 Band 3 and amplitude
band (bottom) band (bottom)
TEV Precedence HFCT Precedence
Tleads 2 0 Tleads 2 1574
TEV1&2 2 Leads 1 1005 2 Leads 1 0 HFCT1&2
Precedence Synch 2450 Synch 526 Precedence
12:39 13-03-09 || GPRS 23 | [Memory 4% |
I I I
Time and Date GPRS Signal Onboard Memory
Strength/Test Usage

Connection

TEV/HECT1 & 2 PD Level and amplitude band

Maximum level of PD recorded (PD level) and amplitude band occurring in 160ms measurement

period

TEV/HECT 1 & 2 Precedence
Precedence detection for pulses captured over previous second.

GPRS Signal Strength/Test Connection Status

GPRS signal strength displayed as a number between 00 and 31 or messages related to the

GPRS/FTP connection test.
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9.2 LCD Display Sequence of Screens

The onboard LCD display screens can be scrolled using the up/down menu buttons.

Number Screen Descr iption
Amplitude (dB) Amplitude (nC) Main display
TEV 1 TEV2 HFCT 1 HFCT 2 This provides a
Sl e el i o O summary of the most
1 e s Band 4 Band & Sand3 Band3 recent PD measurement
v | TEV Precedence HFCT Precedence made and also shows
I N 1 leads 2 0 1 leads 2 1574 the precedence
e i S S i i 2 Leads 1 1005 2 Leads 1 0 P
Synch 2450 Synch 526 measurements.
12:39 13-03-09 GPRS 23 Memory 4%

2 o Bd 24 HOURLOG Channel
| i TEV 1 TEV 1and TEV 2 24

hour logs: Screens 2

Start

and 3
TEV peak PD level vs

13-04-08

= time for previous 24
13-03-09

2 ; hours period.

4 . Bd 24 HOURLOG Channel
: m - ! 25 CT 1 and CT 2 24 hour

Start logs: Screens 4 and 5
\/ ) HFCT peak PD level vs
End time for previous 24
L 130309 hours period.

Ul
i

HFCT and TEV PD
Precedence: Screens 6

6 :.: I ; 152 24 HOUR LOG Channel and 7
T, s eV Precedence
o o = measurements for the
\/ o | S TEV and HFCT sensors

for previous 24 hour

ted o period. Pulses above the

, 13-03-09 T

i 2V e X axis indicate sensor 1
7 : e w e E leads sensor 2. Pulses

below the X axis indicate
sensor 2 leads sensor 1.

YR E
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10. MiniReader© Software : Test Data Configuration and PD Data Viewing

The HYPDMi ni E Monitor requires configuration

tested, to be entered via HVPD MiniReader® software on a Windows PC.

Important: Recording will take place without setting -up via HVPD MiniReader® software; however this

data cannot later be interpreted correctly without circuit details.

Configuration before monitoring is vital.

dat a

10.1 HVPD MiniReader © Software Installation

1. Insert the installation CD or USB memory stick provided with the unit
2. Double click on the installer file: MiniReaderSetup.msi in the CD/USB
memory stick root directory.

155

MiniRead erSetup.msi

10.2 HVPDMIniE Mo n Driver installation

USB drivers must be installed to connect a PC to HYPD MiniE Mo n unitsoThis should be done

AFTER installation of HVPD MiniReader®:

1. Connect HVPD MiniE Monitor to a PC with the provided USB cable and power-up the

HVPD MiniE Monitor.

Laptop HVPD Mini™ Monitor

2. Browse to the HVPD MiniReader® install directory (usually C: \Program
Files\HVPD\MiniReader)
Double click on the executable file: CDM2.04.16.exe

STEP 1: Connectthe HYPDMi ni E Moni t or to the PC

HVPD Mini™ Monitor

20/60
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STEP 2: Power up the HYPD Mi n Mdhitor by connecting the power lead.

STEP 3: Run the HVPD MiniReadef® application.

A

HVPD MiniReader

STEP4:Go to the 6Tool sd tab on the Main Menu Tool bar

File Device Help |
-
-

Setup and Start

A~ Mini Monitor control and
File Edit View [ Tools| Help

Main | Amplitude,C CommsPage nergy C
FTPClientEngine

Device Number Serial Humber Device Description

g Advanced Conms
—_ @ Nomal
g [ ut ] ©advanced
1)
=,

STEP 5: If the USB connection is OK, then there will be an entry in the device list. Click on this device
and then click open, to open the USB/Serial link.

Device Number I Serial Number l Device Description
Device 1 FTE43J50 MM232R USB MODULE

STEP6: To check the USB/ Seri al connection is working,
the data in the memo part of the page. If the time is correc t, then all the communications are working.
Should this be a fresh install you may need to cli
date needs to be set before recording starts.

STEP7:Cl ose down the ©6CommsPage derudaoolivaranGaickbno 6 Repor t
0bData I nput Formdé. The data input form will be dis

File Edit | View | Tools Help

Main Data Input Form knce | Energy Distrib

Peak Signal Amplitude

e & =
Ll

& (level)

S
L
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STEP 8: Ensure that all the fields are completed on this page. It is important this table is concise

and accurate, as the HVPD Mi
sensorsbo

ni E Monitor

b a sian of recardsd sigmals enthp r et at

STEP9:Af t er
6Save

STEP 10: Got o
6Setup

and

and

‘.

Device Number Serial Number Device Description

Advanced Comms

Ouit

@ Normal

() Advanced

22/60

type and | ocation. Errors here may | ead
T — = = | = [
File Copy Chan Data
Chan 1 Overall Measurement Data
§ Company or Customer Staff Names
G Em Channel Description
~ Location Alt User Description
@ TEV 1 Sensar type Phase
= Plant Type -
. Working Voltage Attached cable type ‘
=I@rd - «  User Report
_ CT Transf Impedance ~ Measurement Multiplier n
=I@rd 220 1.00
erial number or other description
Point of Attachement
Channel Data —
Cable Length (Where appropriate) ;
0.00
Chan Description Funct Sensor Plant Type Volts Cable TransF Imp Me »
o Off 4.20
1 Off 4.30 |E|
2 Off 4.20 -
3 Off 4.20 -
4| n 3
completing, go to 6Filed on the main me
Exit 6to save all settings before exit
Edit View Tools Help
Open Precedence I Energy Distribu
Save i
litude
Download<< FTP
Download<< USE
Export »» ASCI data
Preview= >Report
Exit
|
0 T
the 6Tool sé6 tab on the Main Menu Tool bar
Startd to begin monitoring.
Device Help

t

n
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The user will be prompted with the following warning message.
Please ensure that any monitoring data currently stored onthe HYPD Mi ni E Moni t or has b
downloaded and saved. Any existing data stored will be overwritten!

Warning I-i_bJ

This action will destroy all the information on the minimonitor. Is this OK?

V. [\

Cancel |

1

The final message displayed to the user confirms thatthe HYPDMi ni E Moni tor is conf
monitoring.

10.3 Download HVPD Mini E Monitor Files to PC with USB
STEP 1: Connectthe HYPDMi ni E Moni tor to a PC or | aptop using

HVPD-Mini™ Monitor Laptop

ﬁ\é
’ USB

STEP 2: Go to File 8 Download<<USB in the HVPD MiniReader® software.

| - Mini Menitor control and displa oot St e =
Edit View Tools Help
=

Open Energy Dit

Save i
litude

Download<< FTP
Download<< USB
Export >> ASCI data

Preview> > Report

Duvice Himben Sl Nure Dvics Desraiption

Exit Bare1 Frususo W23 S MOBALE

N

i
i
i

e

e

0

STEP 3: Click on the entry on the device click then click open to initiate the USB/Serial link. If no
device is present close the HVPD MiniReader® software, power down the HVPD MiniE Monitor and
return to Step 1.

Device Number I Serial Number l Device Description
Device 1 FTE43J50 MM232R USB MODULE
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STEP 4: Click on download data button, this may take a few seconds depending on the amount of
data.

1 020 Daphi e 0D e S ==
[ Selline ]
[ Setp and 5t ]
E v
[ [ a ] Advanced
STEP 5: Closedown t he 6 CommsPaged window. Click on

The page will refresh and the new data will now be plotted.

24/60

oUpdat



HVPD Mini Mo ni t odPE0400RT®01-DMa n u a |

10.4 HVPD MiniReader © User Interface

HVPD MiniReader® software has a tabbed interface with six tabs for showing the diffe rent graphs.
The tabs are labelled as follows: Main, Amplitude/Count, PDActivity, Precedence and Energy
Distribution. The Main tab has an overall summary of the Amplitude/Count, PDActivity and
Precedence graphs.

The display on all tabs has four main areas:

1. Graphs: Display of PD results over time

2. Summary Results:  Summary readings of the PD levels and precedence for all sensors

3. Graph Control: Cursors to adjust the timescale period of the graphs

4. Control Panel: User control to turn channels on/off and dis play results above PD count

band thresholds
Graphs can be zoomed using the cursors at the bottom of the page. Large views of all the graphs

and additional graphs can be obtained by clicking on the page tabs. The following colour scheme is
used to identify the channels throughout the HVPD MiniReader® software.

Brown:TEV1 Pink: TEV2 Blue:CT1 Green:CT2

HVPD MiniReader © Main Tab

File Edit View Tools Help

_Main__amplitude Counts | hactivity L erecedence | Fnergy Nistribution Carulgtive PD Activity (Average)
ZT'E 1: 0.11 m¥fcyde
Cumlative PD Activity
. ransformer 1
= TEV 2 : 0.43 mV feyde
<
= o St Chatherines Rd Housing
= =5
i)
2 3 g HFCT1 : 451 pCJecyde
= b o
2 Fo Transformer 1
=X El
E F :: E HFCT2 : 5047 pCfcyde
| o0& St Catherines Rd
= el e 0 Precedence Distribution in Percentage
3 0 1 2 3 4 5 [ TEV HRCT
Time (Weeks) Time (Weeks)
1lead 2 13.95 % 68,98 %
Precedence Counts Counts 82.56 % 5.20 %
12 000 2lead 1
350 '
200 £ 10,000 Synch 3% 2582 %
=
w 250 S 8000
€ 200 5 5000 Control Panel
o — i
O 150 z
100 E 4,000 Channel Control Counts level control
0 = 2,000 | W ) Level 0
0 0 T T T T T T 3 Dilevel1
0 1 2 3 4 5 (1 0 1 2 3 4 5 ] @ Level 2
Time (Weeks) Time (Weeks) CT1 - ) LEVE
el -:-Leve|3
) Level 4
Cursor 1 Position Cursor 2 Position Return to Full data Precedence Control @) Leyel5 N
e [ » [¥] 1leads 2 Olevels
D level 7
- 2Leads 1 s
Start Time End Time Mumber of time points
15/07/2009 11:30:00 01/09/2009 10:30:00 Time points between cursors= 2303 Update Graphs Synch Above Threshald
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10.5 Opening HVPD Mini E Monitor Files (.mmf, .dat)

HVPD-MIiniE Mo n data filgs already downloaded to disk can be opened using the File -Open menu
item. The compatible file formats are .dat and .mmf. Files stored on the PC can be opened using the
File-Open menu item, or downloaded from the HVPD-Mini over USB or from the FTP server.

10.6 Amplitude/Count Graph

1 The signal amplitude graph displays the peak signal amplitude measured by each channel
during the 30 minute logging time. This is simply the largest single measurement recorded.

1 The counts graph will display the actual number of counts recorded for a particular a mplitude
band during the 30 minute logging time.

1 It should be noted that there will not be more than 12000 counts in any 30 minutes logging
period.

1 There are eight amplitude bands 0-7; these bands can be individually shown by using the
counts level control. The user also has the ability to show counts above a particular amplitude
band by wusing the 6 Abpolacated dthhe lrotomofithe Gourtshcentrak
panel.

File Edit View Teols Help

Main | Amplitude/Counts |F‘Dactivity | Precedence I Energy Dist’ibuﬁon| Cumulative PD Activity[Average)
TEV1 - 0.11 mV/fcyde

I

‘ Il

Signal Amplitude
| I‘II w I'III||“ |I||
‘III ‘I I |

Transformer 1
TEV 2 0.43 mV/fcyde
St Chatherines Rd Housing

HFCT1 : 451 pCfoyde
Transformer 1

HFCT2 : 5047 pCjoyde
St Catherines Rd

Amplitude (level)
3 L (4] [+7] -

-

=

=} - ~ © - v @ Precedence Distribution in Percentage

Time (Weeks) Tev HFCT
1lead 2 13.95 % 58,98 %
Counts
12,000 ™ T T . . T 2lead 1 52,56 %% 5.20 %
10,000 Synch 348% 25.82 %
£,000
6,000 L, Control Panel
4,000 4
! Channel Control Counts level control
2,000 V| TEV1 Level O
0 T T T T T T 4] TEVZ2 Level 1
Time (Weeks) 7| cTi - L=rz
v cr2 mmm Level 3
Signal Amplitude Cursor Control Level 4
Cursor1 Position Cursor 2 Position Return to Full data Precedence Control @) | ayel §
P il < b V| 1leads 2 Level &
Expand 7] 2Leads 1 et
Start Time End Time Mumber of time points
15/07/2009 11:30:00 01/08/2009 10:30:00 Time points between cursors= 2303 Update Graphs V| Synch | Above Threshald
User Tip

Left-clicking and dragging a rectangle on any of
the graphs will expand the defined section.
Holding the right mouse -button with the pointer
over the graphs allows panning of the section.
To return to full view, simply left-click and drag a
box to the right of the mouse pointer.
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10.7 PD Activity Graph

1 The cumulative PD activity graphs plot the cumulative activity over time for each channel.

9 Each channel can be toggled on/off separately by using the channel control check -boxes
within the control panel. This allows the user to see detail, more clearly, that may be hard to
see when looking at all four plots over laid.

1 The average cumulative PD activity is also displayed for each channel. These are located in
the upper part of the control panel. This average cumulative activity is calculated between the
start & end times shown in the lower left corner of the disp lay.

File Edit View Teols Help

| Main | Amplitude/Counts | PDactivity |Precedence I Energy Dist’ibuﬁon| Cumulative PD Activity(Average)

Curmlative PD Activity(TEV) TEV1 : 0. 11 m¥feyde
T T Transformer 1

£n
.

TEV 2 0.43 mV/fcyde
St Chatherines Rd Housing

.
.

[}
L

HFCT1 : 451 pCfoyde
Transformer 1

=
L

TEY PD Activity (m'icycle)

HFCT2 : 5047 pCjoyde
T St Catherines Rd
— (] [an] = w w

Time (Weeks) Precedence Distribution in Percentage

=

TEW HFCT
Cumlative PD Activity (CT) 1lead 2 13.95 % 58,98 %
7,000 :
okl
I Ilead 1 82,56 % 5.20 %
g Synch 3,49 9, 25.82 %
Control Panel

1 i Channel Control Counts level control

DI . ; TEV1 ) Level 0

T T T T T T -

= - o o - w o TEV2 @) Level 1

Time (Weeks) = ) Level 2

T2 . ) Level 3

Signal Amplitude Cursor Control ) Level 4

Cursor 1 Position Cursor 2 Position Return to Full data Precedence Control @) |eyel 5
= ~ = [¥] 1leads 2 Olevels
O level 7 I

. deatss Do
Start Time End Time Mumber of time points

15/07/2009 11:30:00 01/09/2009 10:30:00 Time points between cursors= 2303 Update Graphs Synch Above Threshold
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10.8 Precedence Graph

1 The precedence plots display the number of precedence counts made during the 30 minute

logging period. This may vary from just a few counts to tens of thousands dependant on the
location and environment.

1 Along with the precedence count plots there are pie -charts for both TEV & HFCT sensors.

1 These pie-charts show how the precedence measurements break -down: lleads2 / 2leadsl /
Synch.

1 The pie-charts allow the user to see at a glance the overall precedence direction indication if
any.

File Edit View Tools Help

[ Main | Amplitude/Counts | PDactivity | Precedence | Energy Distribution Cumulative PD Activity(Average)

At .
Precedence Counts TEVL : 0.11mV/cyde
! Transformer 1

TEV 2 : 0.43 mv fcyde
St Chatherines Rd Housing

HFCT1 : 451 pCfcyde
100 L SO o ........... L — eef Transformer 1
=0 |- -]l - : - 0Lk - il HFCT2 : 5047 pCjcyde
o LN 00 IO T G DAy o TR AU _ Peley
iy I - - . o o St Catherines Rd
Time (Weeks) Precedence Distribution in Percentage
TEV HFCT
TEW Precedence types HFCT Precedence types
& 188 1lead2 B 25,516 1lead2 lleadz 1395% £8.98 %
B 994 Zlead1 B 1,931 2lzad
B 42 Synch B 9538 Synch dleady B256% 5.20 %
Synch 3.4 o 25,82 %

Control Panel

Channel Contral Counts level contral
TEVI B ©level0
IM' TEV2 B Olevell
cTi ommm Olevelz |
T2 . Dilevel3 |
Signal Amplitude Cursor Contral @ Level 4 |
Cursor 1 Position Cursor 2 Position Precedence Control @) |eyel5 I
|.- i v e [ 1leads 2 Olevels
: e G | Ceer
Start Time End Time Mumber of time points

15/07/2009 11:30:00 01/09/2009 10:30:00 Time points between cursors= 2303 Update Graphs Synch Above Threshald
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10.9 Energy Distribution Graph

1 The energy distribution plots are a relative frequency display for amplitude bands 0 -7 for each
channel.

1 During each 30 minute logging period a maximum of 12000 measurements are made, these
being made up of counts from band 0 through to band 7 in varying numbers.

1 The energy distribution plots show the measured relative frequency of a particular energy
band during the monitoring period.

1 The energy distribution plots allow the user at a glance to quantify the proportional energy
make-up of the PD activity measured.

File Edit View Tools Help

[Main | Amplitude/Counts | PDactivity | Precedence | Energy Distribution | Cumulative PD Activity(Average)
L o TEV1 : 0,11 mV/fcycle
Energy Density in Time (TEV1) Energy Densrty in Time (TEV2)
1uu—T“m 10 ”I '||' i ”I . | ”|| ||| | | Transformer 1
20 ] 2 ‘ TEV 2 @ 0.43 mV/fcyde
& & | | | | St Chatherines Rd Housing
& 60 g e I | 1 | | L arousng
5 5 J ’ HFCT1 : 451 pCfeyde
- | I
g 40 g ” l b II|I I| Transformer 1
o o | ——
20 20 1 | HFCT2 : 5047 pCjoyde
St Catherines Rd
0 T T T T T T 0t
o 1 z 3 4 5 6 0 1 2 3 4 5 5 Precedence Distribution in Percentage
Time (Weeks) Time (Weeks) TEV HFCT
Energy Density in Time (HFCT1) Energy Density in Time (HFCT2) llead2 1395% £8.58 %
9lead 1 B82.56 %% 5.20 %
= ® Synch 3.45 % 25.82 %
i i}
o o
] ]
E E Control Panel
[ ]
o o Channel Control Counts level control
TEVI B ) LlevelD
T T T F ol Cilevel 1
0 1 2 3 4 5 [ = & Loved
Time (Weeks) Time (Weeks) CTi EE | (|©teve2 —
cT? () Level 3
Signal Amplitude Cursor Control ) Level 4
Cursor 1 Position Cursor 2 Position Return to Full data Precedence Control @) |evel s
| ‘ D » |4 D b 1leads 2 DO levels
Dlevel 7 M
. dleas e
Start Time End Time Mumber of time points
15/07/2009 11:30:00 01/09/200% 10:30:00 Time points between cursors= 2303 Update Graphs Synch Above Threshold
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10.10 Download HVPD Mini E Monitor Files to PC from FTP Server

In order to connect to the FTP server, the HYPDMIniE Mo n mustdave a compatible SIM card fitted.
The user needs alogin username and password for the HVPD FTPserver. Please contact HVPD for
remote access options.

Ensure that the HVPD MiniE Monitor GPRS connection was tested successfully, see Section 8.14.

FTP Server Laptop

Internet

STEP 1: Go to File 8 Download<<FTP

A~ Mini Monitor conth
Edit View Tools Help
Open Precedence | Energy Dis

Save

MNitude
Download<< FTP
Download< < USB
Export » > ASCI data

Preview:> >Report
Exit

N

T
0

STEP 2: Click Connect. Once a connection to the HVPD FTP Server has been established .The list
view will display all the files and folders located in the user directory.

PEECHRRS St

File ConfigPage

Index Type File Mame Modified Date

b

4
Download File To:  C:

Connect ] [ Download ]

STEPS3: The user can select and download data files to their local PC. The default download location

is root of the C: drive, this can be changed by browsing to an appropriate download location.

When a download location has been selected by the user, they may then select a particular data file

to downl oad by selecting the tdbgehcenthkethrgetad
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Browse For Folder (] B A~ FormFTP ‘ =] (E)
Select a directory Eile  ConfigPage
dified Date 2 Index Type  File Name Modified Date A
=
tescache R /06/2009 08:30... |= 1 File 07975209954.cmd 04/06/2009 08:30... |=
Resont es /07/2009 09:41... | 2 File 07975209954.dat 01/07/2009 09:41... (o
SehiCachie /07/2009 09:59... 3 File 89441000301073927594.cmd 17/07/2009 09:53...
Sul /08/2009 11:00... 4 File 83441000301073927594.dat 27/08/2009 11:00...
o /07/2009 09:06... 5 File 89441000301073927594.html 16/07/2009 09:06...

: Secu_"ty 3 /07/2009 12:20.... 6 File 89441000301073931869.cmd 15/07/2009 12:20...
ServiceProfiles /07/2009 09:59... 7 File 89441000301073931877.cmd 17/07/2009 09:59...

J servicing /08/2009 11:01... ~ 8 File 89441000301073931877.dat 27/08/2009 11:01... ~
Setup L | <[ i »
ShellN =

Mo 0 = ‘ 1073932098.dat e 1515 516 126817 Aug 27 10:53 89441000301073932099.dat ~
SoftwareDistribution 073932099.html B 1515 516 126 Jul 15 10:01 89441000301073332099. html
Speech w 1515 516 25 Jun 30 15:55 test.and

= — Directory loaded
system | Finished download =
Browse Download Fie To: C:\minimonitor
[ Connect ] [ Download ] Connect ] [ Download }

STEP 4: The FTP screen may be closed once all required files have been downloaded. The
information will be automatically displayed on screen, check this is the case by referring to the circuit
names in thei 6€umMD Activityd section.

Button Description /Function

Browse Select the directory for downloaded files to be saved in.
Connect Connect to FTP server.

Disconnect Disconnect from FTP server.

10.11 Change FTP server settings

STEP 1: The Users FTP dient username & password fields can be entered in the FTPConfig page

A 1 )| FormFTPConfg [EEEai ]
| Fome S [
File | ConfigPage = 2= |

—I‘ FTP Client details ' Modifie

FTP Client Server Configuration

FTP Server Name:  ssmmini.co.uk
Username:  Companyname
Password; =~ FEEeRREE

Port; 53536

STEP 2: File 8 Save Settings and Exit on the FTPConfig page. The parameters within this page will
write into the FTP.txtfile in the directory of & GProgram Files\HVPD\MiniReadenF TP . t x t
A e

A FormFTPCon

Load

SaveSetting and Exit
No Save and Exit
IEnt Server Lonnguraton

FTP Server Mame: m

Username:  Username
Password:  Password

Port: 55538

SIMNp:  Unknown
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11. Maintenance

If operated in an environment as outlined in the specification, the system should remain calibrated
during use.

All BNC cables should be tested routinely by injecting known signals and measuring with an
oscilloscope. A good test signal is a 100 ns 100 mV pulse with a rise time <10 ns. The continuity of
the protective earth cable should be tested using a multi meter.

11.1 Switching Off and Disconnecting When Not in Use

The HYPDMi ni E Mmashbeenaesigned to be continuously running for extended periods of
time. It is recommended to switch the unit off whenever it is not in use by disconnecting the DC
power cable.

The HYPDMi ni E Mmwotectite@arth cable should remain connected when PD senso rs are
attached even if the unit is powered down.

Care should be taken when stowing all accessory cables. The BNC cables should not be twisted or
kinked when they are coiled after use.

11.2 Packing and Transport

The HYPDMiniE Mo nlias sorugged construction and carry handle for transportation between
sites. Accessories should be transported a padded case or bag . For return or unsupervised shipping
the HYPD-MiniE Mo nand aceessories should be transported in the original packaging.

11.3 Sensitivity Check

The operation of the HYPD MiniE Mo n PDtneasurement circuits can be checked using the
HVPD MiniE Monitor pulse generator and 20 dB attenuator attachments. The settings in the below
table show the levels that should be measured for correct operation.

CT Channels

Level Charge (pC) Attenuator Amplitude Setting Pulse width Setting

Green 300 20 dB 30 mV 500 ns
Yellowl 600 20 dB 30 mV 1us
Yellow2 1100 20 dB 100 mV 500 ns
Orangel 2600 20 dB 300 mV 500 ns
Orange?2 5500 20 dB 300 mV 1lus

Red1 8500 20 dB 100 mV 5us

Red?2 12000 20 dB 300 mV 2 us

TEV Channels

Level Amplitude (dB) Attenuator Amplitude Setting Pulse width Setting
Green 6 20 dB 30 mV 100 ns
Yellowl 12 100 ns
Yellow2 17 20 dB 100 mV 100 ns
Orangel 25 0dB 30 mV 100 ns
Orange?2 30 100 ns
Redl 35 0dB 100 mV 100 ns
Red?2 40 0dB 300 mV 100 ns
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12. How it Works : Cable PD Measurement

12.1 Cable PD Measurement with HFCT Sensors

When a PD occurs in a cable there will be a high frequency
electrical impulse that propagates away from th e PD site in
both directions down the cable. At the cable terminations it
is possible to measure these pulses with High Frequency
Current Transformers (HFCT), provided the terminations are
suitable:

1. There must be independent access to either the
earth -straps or cores of the cables at the cable
termination

2. There must be an insulated gland between the
cable earth and switchgear earth.

Figure 11: HVPD HFCT 100/50 Hig h
Frequency Current Transformer

If these conditions are not met it may be possible to install permanent sensors inside of the cable
box or switchgear, please contact HVYPD Ltd for further information.

The provided HFCT sensor (HFCT 100/50) has a split-core design for easy attachment, see
section 18 for details on termination suitability. The 100/50 HFCTs supplied with the unit are
calibrated and have a reasonably flat transfer impedance (Z,,) over the frequency range of interest
(100 kHz-30 MHz) Z, & 3.8 mV/mA.

Using the transfer
impedance the HVPD Segment Waveform
Mini E Monitor 10 : pulseend
measurement circuit is . i :i dt
able to measure the ﬁ/out
HFCT output voltage and oy AO— | TR pulsestart
deduce the charge 5
content in picocoulombs -5
(pC) with analogue
integrators.

Pulse Start | [ Pulse End

-10

Time uSec

Figure 12: Cable PD Charge Measurement

12.2 Where does PD occur in Power Cables ?

In power cables partial discharge can occur in the insulation between the cable core and metallic
sheath and between phases in the case of belted cables (i.e. cables with a shared metallic sheath for
all three phases as used in some paper cable designs) PD occurs in cable systems at voids in bulk

of the insulation of material interfaces in the cable or joints and terminations. As a result of a PD there
will be a current impulse that will propagate away from the PD site and be detectable at the cable
ends.
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12.3 Phase-Phase PD Detection

In order to detect phase -phase PD activity, in belted cables the HFCT must be installed around the
individual phase cores. Installation at this position is not possible in most cable designs, some stray
phase-phase PD signals for sources near to the cable termination may be detected on the earth strap
(option 1) or with the HFCT around the entire cable with the earth strap brought back through (option
3).

12.4 PD Propagation across Switchgear/RMUs

When a PD reaches a substation or ring main unit
some of the pulse will be transferred into the
adjacent cable feeders and thus also detectable g
with HFCTs on these feeders. The coupling of PD
signals between feeders at two feeder ring main
units is generally very strong due to the equivalent
impedance of the substation being well matched to N Y
that of the cable (almost the same as the only other =HEE =|=E=
component is a distri bution transformer). There will
be a short time delay between pulses measured on

— L
the source and adjacent cables. In order to IL N L y
estaplish which cable feeder a PD is on the HVPD- || -
MiniE monitor uses precedence detection on the --L //

pulses detected with the two HFCT sensors. 4
12.5 Cable PD Precedence Measurement

The precedence of cable PD pulses is determined

by comparing the arrival time of the pulses on the

two HFCT sensors. From this there are three
outcomes:

Figure 13: Cable PD Propagation Across

1leads 2 - The pulse on HFCT 1 arrives before that Switchgear Bus

on HFCT 2 d Source is cable be monitored

by HFCT 1.
2leads 1 - The pulse on HFCT 2 arrives before that on HFCT 10 Source is cable be monitored by
HFCT 2.
SYNC - Pulses start synchronously on both HFCT 1 and HFCT 2 & Source is not clear
Segment Waveform Segment Waveform
200
150 o 150 }l‘,.‘
100 f“'" 100 /Jf‘ B
g 50 i ‘} . g 501 ’ v
2 0 I .o, R i /' \ N
g =50 Fagiiiviis din rfx A ;( it ot g 50 pesmi ey Ay / ‘ "
-100 b ‘ -100 =R iy
-150 s -150 et
-200 :
0 1 2 3 4 5 6 7 8 9 10 1 2 3
Time uSec Time uSec

Figure 14: Cable PD pulse where HFCT 1 (blue) leads HFCT 2 (green)
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13. How it Works: Local PD Measurement

13.1 Local PD Measurement with TEV Sensors

When local PD occurs within the metal-clad switchgear, cable terminations, bushings and other plant
high frequency RF energy (in the frequency range of 4 MHz to 100 MHz) is emitted from the PD site.
When the PD is within metal-

clad switchgear or cable boxes Busbars
the RF radiation will be
induced onto the inner metal
surfaces of the switchgear
housing, this energy will
emerge onto the outer of the
metal-clad housing where

there are gaps, such as at \ PD site

joints, seams, gaskets and Metal-clad
vents. These signals are Vent/gasket f’]w'tc.hgear
known as transient earth TEV ousing
voltages (TEV). Sensors

] Figure 15: Local PD Signals in Metal -clad Switchgear
The signals are generally

oscillatory in shape and can be det ected with TEV
sensors placed onto the outer metal -clad surfaces, close
to the vents or gaskets. The 2x HVPD CGSG1 TEV
sensors supplied with unit (left) are magnetically latched
onto the outside of the metal -clad switchgear housing. In
order to measure any local PD signals the switchgear
must be suitable:

1. The Switchgear must NOT have a double skin
metal enclosure.

2. There must be vents/openings in metal
enclosure for electromagnetic signals to
emerge on outer surfaces of switchgear
housing.

Figure 16: HVPD CC-SG1 Transient Earth

If these conditions are not met it may be possible to Voltage (TEV) Probe

install permanent sensors on the inside of the
switchgear, please contact HVPD Ltd for further
information.

Segment Waveform

The peak of the local PD TEV signals
is measured in decibels (sensor output
voltage referred to 1 mV) by the HVPD
MinilE Mo n.i t or

[e2]
o

19

ui | PD,g = 20log, \E

out

N
S
oiil(

N
o

Volts (mV)
N}
o o

When the signals emerge on the outer
surface from a switchgear panel they will -60
likely also be detected on the

switchgear panels adjacent to the Time uSec

source. As with the HFCT sensors the

HVPD MiniE Monitor captures

pulses synchronous ly on two Figure 17: Local PD Magnitude Meas urement

TEV sensors and calculates the pulse precedence to determine the source.

A
S
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13.2 Local PD Precedence Measurement

The precedence of local PD pulses is determined comparing the arrival time of the pulses on the two
TEV sensors. From this there are three outcomes:

1 leads 2 - The pulse on TEV 1 arrives before that on TEV 28 Source is at switchgear
panel monitored by TEV 1.
2 leads 1 - The pulse on TEV 2 arrives before that on TEV 18 Source is switchgear panel
monitored by TEV 2
SYNC - Pulses start synchronously on both TEV 1 and TEV 2 d Source is not clear.
Segment Waveform
101

Volts (mV)

-
o (63} o o1
L L L

485 49 495 5 505 51 515 52 525
Time uSec

Figure 18: TEV PD pulse where TEV 2 (green) leads T EV 1 (blue)

13.3 Where does PD occur in Metal -clad switchgear?

In metal-clad MV switchgear partial discharge can occur on th e bushings or support insulators, at
bad contacts in the circuit breakers and at poorly aligned circuit breaker contacts. PD can also occur
in the cable box and at the cable terminations or bushings.

Corona and surface discharges are also a common occu rrence in metal-clad switchgear; these
discharges can have a humidity relationship and thus are not always continuously occurring.

In addition other local sources of PD may be detected when testing with TEV sensors, including from
local distribution trans formers.
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14. How it Works: Data Capture and Logging

f The HVPDMiniE Monitor is programmed to measure PD over measurement periods of 30
minutes with a total of 48 monitoring periods over 24 hours.

1 A measurement is made on all 4x channels every 160 ms period (around 6 measurements per
second) over each 30 minute monitoring period, a total of 11,250 measurement samples per
monitoring period.

1T For each channel, the voltage from that kdihannel
and the measured signal is compared with the previous highest reading made during the same
160 ms measurement sampling period, the higher reading being retained.

1 After every 160 ms measurement period is complete, the highest reading obtained during this
period is passed to the LED array drive (which lights up to the relevant LED level). The LCD
di splay is also updated and is the data is save

9 The unit then resets and starts a new, 160 ms measurement period.

1 The peak reading amplitude is then assigned to one of the 8x magnitud e bands,
corresponding to O LED s lit up to 7 LEDs lit, PD Amplitude Bands 0 to 7. The computer drives
the front panel LEDs and the panel LCD to provide an immediate display of PD magnitude.

9 For each channel, there are also 8x PD occurrence counters, one for each of the 8x amplitude
bands. Atthe end of each 160 ms period, when the maximum amplitude band has been
determined, the corresponding amplitude band counter is incremented. At the end of
30 minutes, the counts in each of the occurrence counters are assigned to 1 of 15 frequency
bands and stored in the flash memory. A total of 11,250 measurement samples are made per
30 minute monitoring period.
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15. Connection Diagrams for Multiple and Distributed HYPD -Mi ni E Moni t

Installations

15.1 Connection of Multiple HYPD MiniE Moni t or sE at

Primary Substatio

It is possible to install multiple HVPD MiniE monitors in primary substations to monitor multiple cable

feeders and switchgear panels.

Figure 19: Installation of Multiple Units at Primary Substation

15.2 Connections of HYPD Mi n i

Sections 15 and 21.

Up to

_

E Mo nDistrilbuted RIMUs

Multiple HVPD MiniE Monitors may be installed in a distributed fashion at the primary substation or
ring main units. This is advantageous where the cable circuit is very long and monitoring at the
primary substation only may not provide sufficient sensitivity to PDs several kilometres away. It is
recommended to have a maximum separation of 2 km or three RMUs between HVPD MiniE Monitors.
In addition it is also possible to strategically deploy devices for wi de-area network monitoring, see

fre =5 2kmor 3

) =
_ I .

/‘% &RMUS//

/‘HL

Up to
2km or 3

MUS//

57

Figure 20: Installation of Distributed Units on MV Network
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16. Strategic Deployment on Electricity Distribution Networks

There are three main applications of the HYPD MiniE Monitor for strategic installation of multiple units
on medium voltage electricity networks (3.3 kV- 45 kV):

1. PD monitoring of primary substations
2. PD monitoring of RMUs and secondary substations
3. Wide-area network PD monitoring: a combination of 1 and 2.

Application 1: PD Monitoring at Primary MV Substations - To monitor PD in both the cables
and primary switchgear.

Application 1: The PD Monitoring of cables and switchgear at primary substations. In this case 4x
units have been deployed to monjtor 16x feeder cables. An alternative to this would be to u se the
portable 16-Channel HVPD MultiE Monitor (please refer to HVPD for detailg.

, .
‘4x HvPD M/

I: Monitors \ . | . | ‘ I/. \ \
: I = - Primary 11-33kV I \

SS - 16x Feeders @} E"]

*\JI * * 1 /'/ ..'!

~d
N

N
Z RMU N Range of Detection for Primary HVPD Mini  E Monitors:
Range up to 2.5 km or up to 3x Ring Main Units P

_amm Cable ~. it

Joint T~ e

Figure 21: Application 1 - Primary Sub station Monitoring with 4x HYPD Mi ni E Moni t or s

It can be noted that the effective range of the HYPDMi ni E M oeitiertup to 2.5 ks or 3x Ring
Main Units/Switches out from the primary substation. This is due to attenuation of PD signals through
the network with typically around 20 -30% of attenuation of the PD signals as they pass through a
RMU or switch.
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Application 2: PD Monitoring at Ring Main Units (RMUs), Padmounts and ot her
Secondary Switchgear - To monitor PD activity in both the cables and the
RMU or other secondary switchgear.

It is possible to extend the effective monitoring range out from the primary substation by placing
distributed HVPD MiniE Monitors at suitable RMUs or secondary switches out in the distribution
network..

This application, with 2x HFCT sensors placed either side of a RMU or padmount switch to provide

6 Pr e c ede nc emeBstreneentd, was thaéfirst application envisaged for the unit from

discussions with our UK DNO partners. In this case, the timing between the pulse arrival times on the

2x HFCT sensors is measured by the HYPDMi ni E Moni t or and, if the pul s
arrive together within 10 ns of each other), theyareconsid er ed as being synchronolt
assumption here being that the origin ofnsistheese 6SY
equivalent of 2 m across the bus or earth bar). If the signal on CT1 channel precedes the CT2 signal

by between 10-35 ns (equivalentto2 mto 7 mincopper-wor k) then this is output
precedence measurement, the same being true for a

[ e RN IR

7 /
.~ /
E . - y
. ! p
. HVPD Minié / e
RMU ‘MQ”itOf Extended range from HVPD Mini E Monitor: ol
~. either 2.5 km or 3 RMU s P
—_mmmCable \"\A' /‘./'
Joint Sl \ _—

Figure 22: Application 2 - RMU PD Monitoring with Distributed HYPD Mi ni E Moni t or s
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Application 3: Wide Area Medium Voltage Network PD Monitoring  using multiple
HVPDMi ni E Monitor wunits

The final application for the technology is for when the user requires Wide Area
Medium Voltage Network PD Monitoring using multiple HYPD Mi ni E Mo n Bthipusesani t s
combination of the Applications 1 and 2 above and is shown below in Figure 23.

4»/A \"\
- -
Ve — .
Yz = - \.'
y P . ~. \
) N \
- \
f \ :
. \
l i \ '\.
. {

2 L T"‘
4 y—
1 |

S T WA

l - Primary 11-33kV S¢ s S \ |
! Distributed ) @} @} with 16x Feeders t@) @j 3
i HVPDMi ni E \ )
B Monitors

‘ ’,* ‘\‘1 KB ‘./'I

\
R a
< — —— a
8 RMU . o
.y Combined Range of Detection for Primary and Secondary HVPD
— - Cable = S Mini E PD Monitors: Rangeupto5 km or up to 6x Ring Main Units

Joint e -

Figure 23: Application 3 - Combined, Wide Area P D Monitoring Solution with HYPD Mi ni E Moni t or s
both the Primary Substation and at Distributed RMU
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17. Example s of Recorded Data

17.1 Steady PD Activity

Cumlative PD Activity (CT)
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1 The HFCT Cumulative PD activity charts shown above are examples of real data.

1 As can be seen there is very little variation in the first example of the green trace over the
entire monitoring period, though there is what appears to be a switching event measured
around the 5™ day of week 1. The blue circuit in that example shows a sudden drop in activity
around the 4™ day of week 2, also suggesting a relief of load has perhaps caused PD activity
to cease.

1 The second example is relatively steady, but still shows periods of elevated activity, this is
important to note since over long periods, all circuits are known to experience occasional
variations.

17.2 Intermittent PD Activity

Cumlative PD Activity (CT)

5,000 |
37,000

= oLl

= E
01,000
0
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— N ™ < n
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Cumlative PD Activity (TEV)

TEV PD Activity (mV/cycle)
A 0o

o kB N W

i I«

- o~ o™ < wn
Time (Weeks)

1 The HFCT & TEV cumulative PD activity charts above show an activity pattern which is
sporadic and unpredictable.

1 This highlights the importance of long-term monitoring as experience has shown the late -
evening 6dew pointd to coincide with the highes:¢
hours when spot-tests are performed. The consequences of switching may also be observed,
due to changes of load upon connected feeders.
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17.3 Load-Dependent PD Activity
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1 These HFCT cumulative PD activity charts above are good examples of load-dependant PD
activity.

1 There are peaks & troughs in activity that are coincidental with the periods of high & low load
demands. As with the TEV examples above, this trend indicates higher activity occurs
overnight, day-time measurements would therefore underestimate the cumulative level of PD.

17.4 HFCT Precedence Measurements

Cumlative PD Activity (CT)
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TEV Precedence Measurements

@ Cumlative PD Activity(TEV)
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1 The precedence measurements for the TEV sensors show there is a significant difference in
directional measurements. These indicate that generally, circuit 1 leads 2, although some PD
is detected on the other circuit suggesting two sources of activity.

1 The precedence measurement charts shown above are examples of real data. The TEV

precedence measurements are more evenly mixed, and from this we can infer there to be
more than one source of local PD activity measured at this substation.
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18. Photographs of Cable Terminations Suitable and Unsuitable for HFCT

Attachment

Suitable Cable Terminations

Insulated
/ gland

Insulated

HFCT attached
round cable and
double-looped earth
Option 3

washer \

HFCT
attached to
earth link -
Option 2

Unsuitable Cable Termination s

Termination with
insulated gland, but
with shorting links

"~ /| Insulated
=i glands

No insulated
washer as this is
the sheath
termination point

Lead plumbed: /

no access to core
or earth screen

45/60































