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Warning notices

In this document warning notices are used, which you have to observe to ensure personal safety and to prevent
damage to property. Depending on the degree of danger the following symbols are used:

If the warning notice is not followed death or severe personal injury
will result.

If the warning notice is not followed damage to property or severe
personal injury may result.

Q If the warning notice is not followed the device may be damaged or
D may not fulfill the expected functionality.

Qualified personnel

The product described in this document may be handled by personnel only, which is qualified for the respective
task. Qualified personnel have the training and experience to identify risks and potential hazards when working
with the product. Qualified personnel are also able to understand and follow the given safety and warning
notices.

Intended use

The product described in this document may be used only for the application specified. The maximum electrical
supply data and ambient conditions specified in the technical data section must be adhered. For the perfect and
safe operation of the device proper transport and storage as well as professional assembly, installation,
handling and maintenance are required.

Disclaimer of liability

The content of this document has been reviewed to ensure correctness. Nevertheless, it may contain errors or
inconsistencies and we cannot guarantee completeness and correctness. This is especially true for different
language versions of this document. This document is regularly reviewed and updated. Necessary corrections
will be included in subsequent version and are available via our webpage https://www.camillebauer.com.

Feedback
If you detect errors in this document or if there is necessary information missing, please inform us via e-mail to:
customer-support@camillebauer.com
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1.1

1.2

1.3

Introduction

Purpose of this document
This document describes the universal measurement device for heavy-current quantities LINAX PQ5000.
It is intended to be used by:

¢ Installation personnel and commissioning engineers

e Service and maintenance personnel

e Planners

Scope

This handbook is valid for all hardware variants of the PQ5000 rack version. Some of the functions

described in this document are available only, if the necessary optional components are included in the
device.

Required knowledge
A general knowledge in the field of electrical engineering is required. For assembly and installation of the
device knowledge of applicable national safety regulations and installation standard is required.

Scope of supply
e Measurement device

¢ Quick installation and set-up guide

e Battery pack (optional, for devices with UPS only)

Further documents
This document is accessible via device website (menu Service | Device information | Download
manual). Further documents are available via our homepage https://www.camillebauer.com.
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2. Safety notes

Device may only be disposed in a professional manner!

The installation and commissioning should only be carried out by trained personnel.
Check the following points before commissioning:

— that the maximum values for all the connections are not exceeded, see "Technical data"
section,

— that the connection wires are not damaged, and that they are not live during wiring,
— that the power flow direction and the phase rotation are correct.

The instrument must be taken out of service if safe operation is no longer possible (e.g. visible
damage). In this case, all the connections must be switched off. The instrument must be
returned to the factory or to an authorized service dealer.

It is forbidden to open the housing and to make modifications to the instrument. The instrument
is not equipped with an integrated circuit breaker. During installation check that a labeled switch
is installed and that it can easily be reached by the operators.

Unauthorized repair or alteration of the unit invalidates the warranty.

3. Device overview

3.1 Brief description
The devices of the LINAX PQ series are comprehensive instruments for the universal measurement and
monitoring in power systems. They provide a wide range of functions, which may be extended using
optional components. The nameplate on the device gives further details about the present version. A
connection to the process environment may be established by means of communication interfaces, via
digital I/0’s, analog outputs or relays. The parameterization of the device is possible directly at the device
or via web browser.

The LINAX PQ5000 is an independently certified measurement devices of class A according to IEC
61000-4-30 Ed. 3. It provides reliable and comparable information for regulatory authorities, negotiations
with energy suppliers or internal quality control.

Continuous monitoring analyses breakdowns immediately and eliminates their causes in a sustainable
manner. In addition, long-term acquisition permits the early recognition of changes in order to improve
supply security and thus system availability.

The flexible approach without any software excels both in autarchy and flexible software integration
options. It is based on standardized interfaces, generates compliance reports directly via the device
website and excels with a comprehensive cyber security concept.
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3.2 Device overview

Voltage inputs

Input channels current

Function class acc. [EC 61000-4-30
Device type acc. IEC 62586-1

PQ COMPLIANCE MONITORING
Power frequency

Voltage / current variations
Unbalance voltage / current
THDS of voltages

Harmonics voltage / current
Flicker Pst / Plt

Mains signalling voltages
Interharmonics voltage / current

PQ EVENT RECORDING
Voltage dip

Voltage interruption

Voltage swell

Rapid voltage changes (RVC)
Homapalar voltage (unbalance)
Current swell

Frequency anomaly

Ripple control sequences
State change of digital inputs

MEASUREMENT UNCERTAINTY
Voltage, current

Active, reactive, apparent power
Active energy (IEC 62053-22)

COMMUNICATION

Ethernet: Modbus/TCP, Webserver, NTP
|EC 61850

RS485: Modbus/RTU

Extension modules (optional)

POWER SUPPLY

Consumption

DESIGN
Colour display
Dimensions
Montage

PM 1002618 000 01

PQ5000R-2... PQ5000R-3...

5
4(B5A0r3Y)
Class A
PQI-A FI1

+0,1%
+0,2%
Class 0.2

(Standard)
(Option)
{Option)

4 analog outputs, 12 digital inputs,

1 relay

100-230V AC/DC

<40 VA

TFT 3,56” (320x240px)
482,6 x 132,6 x 270,1 mm
Installation in 19 rack

Device handbook LINAX PQ5000-RACK

205
2x4(BAor3Y)
Class A
PQI-A FI1

+0,1%
+0,2%
Class 0.2

(Standard)

(Option)

2 x 4 analog outputs, 2 x 12 digital inputs,
2 x relay

100-230V AC/DC

<60 VA

2 x TFT 3,5 (320x240px)
482,6 x 132,6 x 270,1 mm
Installation in 19 rack
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3.2 Available measurement data

MEASURED VALUE GROUP APPLICATION

INSTANTANEOUS VALUES

< U I, IMS, P, Q, S, PF, LF, QF ... » Transparent monitoring of present system state

- Angle between voltage phasors » Fault detection, connection check, sense of rotation check
« Min/max of instantaneous values with time stamp » Determination of grid variable variance with time reference

EXTENDED REACTIVE POWER ANALYSIS
- Total reactive power, fundamental frequency, harmonics » Reactive power compensation

- cost, tand of fundamental frequency with min values in all quadrants » Verification of specified power factor

HARMONICS ANALYSIS (ACCORDING TO IEC 61000-4-7)

+ Total harmonics content THD UA and TDD | » Evaluation of the thermic load of equipment

- Individual harmonics / interharmonics U/ » Analysis of system perturbation and consumer structure
IMBALANCE ANALYSIS

- Symmetrical components (positive, negative, zero sequence system) » Equipment overload protection

- Imbalance (derived from symmetrical components) » Failure/earth fault detection

« Deviation from U/l mean value

ENERGY BALANCE ANALYSIS

« Meter for acquisition/supply of active/reactive energy, high/low-rate
tariff, meter with selectable base variable

- Power mean values active/reactive power, demand and supply, freely
definable mean values (e.g. phase power, voltage, current and much

» Preparation of (internal) energy billing

» Determination of energy consumption versus time (load profile) for
energy management or energy efficiency verification

more)
- Mean value trends » Energy consumption trend analysis for load management
OPERATING HOURS
- 3 operating hour counters with programmable running condition » Monitoring of service and maintenance intervals

- Operating hours of the device

The device provides measurements in the following subcategories:

a)

b)

c)

d)
e)

f)

)]

Instantaneous values: Present TRMS values and associated min/max values

Energy: Power mean-values with trend and history as well as energy meters. Mean-value
progressions (load profiles) and periodic meter readings are also available.

Harmonics: Total harmonic distortion THD/TDD, individual harmonics and their maximum values,
phase angle of the harmonics

Phasor diagram: Overview of all current and voltage phasors and phase sequence check
Waveform of current and voltage inputs

Events: State list of monitored alarms, chronological lists of PQ events and self-defined alarms /
events as well as operator events.

PQ statistic: Data of the statistical power quality analysis with the possibility to create reports (PQ-
Easy Report).
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4. Mechanical mounting

Q Please ensure that the operating temperature limits are not exceeded when determining the
D place of mounting (place of measurement).

By installing, the device becomes part of an electrical power installation that must be

It is the task of this installation to ensure that dangerous connections of the device cannot
be touched during operation and that the spread of flames, heat and smoke from the interior
is prevented. This may be done by providing an enclosure (e.g. case, cabinet) or using a
room accessible to qualified personal only and compliant with local fire safety standards.

designed, operated and maintained in accordance with country-specific regulations so that
the installation is safe and provides prevention against fire and explosion as far as possible.
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5. Electrical connections

Ensure under all circumstances that the leads are free of potential
when connecting them!

5.1 General safety notes

Q

D Please observe that the data on the type plate must be adhered to!

The national provisions have to be observed in the installation and material selection of electric lines,
e.g. in Germany VDE 0100 “Erection of power installations with nominal voltages up to 1000 V*!

d Voltage Inputs Current Inputs Ethernet
Ant Main o
@ @ Ant Aux ® O
u LZL!PE N tnd tel tel tm ®
Homapolar: e con [ 3V 50/60Hz IEC 61850 EC 61850
AN\ wovinsssavi sosonz-soovscarn A\ 0 5as060Hz- 300V /GATIN = =
[ )
-
A
@ U Ce A A Digital Inputs X x
Aux Power 40 VA Digital Output [ 2a:130vDC [ Analog Outputs +0 + 20 mA
[O] ‘wmm  100+230VACS060Hz/DE 250VAC/DC (] 1104220V DC [ Modbus/ATU
b
@ ® SO00000000C000C02 & 10¢ @
FTob —- 123485678 9m0m102- Blzg“i @

Backplane, single rack, with I/O extension, antenna connectors for 3G/4G router and IEC61850 interface

d" &) Voltage 2 &) Curent2 @) Ethernet —&) (@) voitage 1 ~&) Current 1 ]
Ant Aux h
O q°
uLzuPEM tnl tel tel twl uuLaPIErII tul tel tel tw
Homopolar: u cau [ 3V 50/60Hz Homopolar: L4 - COM [ 3V 50/60Hz
Amuwtmuummu 600V / CAT Il A [) 5A 50/60Hz - 300V / CAT I ' A 400VLN /693 VLL 50/60Hz - 600V / CAT I A [7] 5. 50/60Hz - 300V / CAT I
(|
‘ ACE
O g -
Aux Power 60 VA
1004 230V AC 50/60Hz / DC
i)
e @ @
¥ b @ @

Backplane, double rack, without I/O extension and antenna connectors for 3G/4G router

Symbol | Meaning

Device may only be disposed of in a professional manner!

m]l P

Double insulation, device of protection class 2

CE conformity mark. The device fulfills the requirements of the applicable EU
directives.

M
m

Caution! General hazard point. Read the operating instructions.

Warning, hazard of electrical shock.

Measurement category CAT llI

5>

Earth connector
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5.2 Possible cross sections and tightening torques
Inputs L1, L2, L3, PE(L4), N(COM), I1, 12,13, IN

Single wire

e 1x0.2+4.0mm? or 2x0.2+25mm?
1x24 AWG + 11 AWG or 2 x 24 AWG + 14 AWG

Multiwire with end splices

1x0.2+4.0mm?2 or 2x0.2+2.5mm?2
1x24 AWG + 11 AWG or 2 x 24 AWG + 14 AWG

Tightening torque

0.5+ 0.6 Nm
e 442 +5.31 Ibf in

Aux Power, 1/O's, Modbus

Single wire

1x0.2+25mm2 or 2x0.2+ 1.0mm?2
1x24 AWG...14 AWG or 2 x 23 AWG...17 AWG

Multiwire with end splices

1x0.25+2.5mm?2 or 2x0.2 +1.5mm?2
1x23 AWG + 14 AWG or 2x 20 AWG + 16 AWG

Tightening torque

0.5+ 0.6 Nm
e 442 +5.31 Ibf in

5.3 Power supply

5.4

PM 1002618 000 01

!

Connect the earth terminal to protection earth before connecting the supply voltage.

> [>

A marked and easily accessible current limiting switch in accordance with IEC 60947-2
has to be arranged in the vicinity of the device for turning off the power supply. Fusing
should be 10 Amps or less and must be rated for the available voltage and fault
current.

nputs

All voltage measurement inputs must originate at circuit breakers or fuses rated 5 Amps
or less. This does not apply to the neutral connector. You have to provide a method for

manually removing power from the device, such as a clearly labeled circuit breaker or a
fused disconnect switch in accordance with IEC 60947-2 or IEC 60947-3.

When using voltage transformers you have to ensure that their secondary
connections never will be short-circuited.

No fuse may be connected upstream of the current measurement inputs!

When using current-to-current transformers (e.g. x/5 A) their secondary connectors
must be short-circuited during installation and before removing the device. Never open
the secondary circuit under load.

> B> P

Devices with 3V 50/60Hz current inputs

e The current sensors including the conductor isolation must guarantee in total a
reinforced or double insulation between the mains circuit connected on the primary
side and the measuring inputs of the device.

e The connections | of the current inputs are internally connected. If the 3V current
sensors has to be earthed the common connection should be used for that.

Device handbook LINAX PQ5000-RACK 11/100




Further hints
e The connection of the inputs depends on the configured system (connection type).

¢ In the connection diagrams on the next pages conventional current-to-current CTs (x/5 A) are used. If
the device is equipped with 3V current inputs, the connection of the CTs has to be performed in the
same way but using current-to-voltage sensors.

¢ In the connection diagrams on the next pages conventional voltage transformers are used. If a
voltage transformer with extra windings for measuring the homopolar voltage is applied, connections
should be as shown below.

L1 L2 L3

5A
(UL listed)

@) ©)
% 3

L1 L2 L3 PE N
[
Homopolar: L4 - COM

A 400 VLN /693 VLL 50/60Hz - 600V / CAT Il

homopolar voltage” must be set to ,Yes® in the settings of the measurement. This

t In order for the homopolar voltage Usc to be measured, the item ,Measure
item is only available for 3-wire system types.
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Single-phase AC mains

L1

With current transformers

E If current In does not need to be measured,
the corresponding transformer can be
omitted.

PE

If voltage Une does not need to be
measured, connection of PE can be

WL lsteey [] omitted.

Direct current measurement

| If only currents up to 7.5 A need to be

HMIH &l measured no current transformers are
required, but restrictions apply:

=k e

J—]
L2 13 PE tnd tel tiel tnl A Maximum permissible rated voltage
Homopolar: L4 - COM [1 3V 50/60Hz 300V to ground!
A 400 VLN /693V LL 50/60Hz - 600V / CAT Il A 5 A 50/60Hz - 300V / CAT Il
P1 P2
L1 —
|S1 52
| P1 P2
N —-—
PE ; ' -
| |S1 S2
u V, v u | |
- J [ I
| I
u v v u ¥
~ - == o I i With current and voltage transformer

(Ulelﬁted) []
If current In or voltage Une does not need to

be measured, the corresponding

@ transformers can be omitted.
|
|

I |
L1 L2 L3 PE N tind tied til tind
I
Homopolar: L4 - COM [] 3V 50/60Hz
& 400V LN /693 VLL 50/60Hz - 600V / CAT Il & {@ 5A50/60Hz - 300V / CAT Il
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Three wire system, balanced load, current measurement via L1

P1 P2
L1 —
- '§1g32 f
L3 t

|

|

|

|

. With current transformer

sl 110 If only currents up to 7.5 A need to be
o measured no current transformer is required,
but restrictions apply:

@ Maximum permissible rated voltage

[ 300V to ground (520V ph-ph)!
(RS E

I
11 L2 L3 PE N tiny terel til tinl
Il
Homopolar: L4 - COM [J 3V 50/60Hz
& 400 VLN /693 VLL 50/60Hz - 600V / CAT Il A 5A 50/60Hz - 300V / CAT Il
P1 P2
L1
Lz |51 [S2 f
L3
!
!
u u u |
|
x ¥x ¥x 7 _+_

5A [
(UL listed)

With current and voltage transformers

1)
I=n
F%ﬁ

I
11 L2 L3 PE N tiny trel til tind
I
Homopolar: L4 - COM [] 3V 50/60Hz
A 400 VLN / 693V LL 50/60Hz - 600V / CAT Il A @ 5A50/60Hz - 300V / CAT I

In case of current measurement via L2 or L3 connect the device
according to the following table:

Terminals T | L1 L2 L3
Current meas. via L2 12(S1) 12(S2) L2 L3 L1
Current meas. via L3 13(S1) 13(S2) L3 L1 L2

(O By rotating the voltage connections the
measurements U12, U23 and U31 will be
assigned interchanged!
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Three wire system, unbalanced load

P1 P2
L1 .
L2 = P1 P2 b 4
is i51 s2 ! Pi P2

| ls_1‘ 52 _F

| | 1§ s2

I | I

L !

H-fe|-
(uJ:ma) ] []

[E [

Lt L2 L3 PE N
[
Homopolar: L4 - COM
A 400V LN /693 VLL 50/60Hz - 600V / CAT lll

tind tel tel tnl
] 3V 50/60Hz
@ 5A50/60Hz - 300V / CAT Il

L1

L3

5A
(UL listed)

Lt L2 L3 PE N
11
Homopolar: L4 - COM
A 400 VLN /693 VLL 50/60Hz - 600V / CAT lll

PM 1002618 000 01

tnd tel tiel tn
[ 3V 50/60Hz
/@ 5A50/60Hz - 300V / CAT lll
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With current transformers

If only currents up to 7.5 A need to be
measured no current transformers are
required, but restrictions apply:

Maximum permissible rated voltage
300V to ground (520V ph-ph)!

With current and 3 single-pole
isolated voltage transformers
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Three wire system, unbalanced load, Aron connection

L1 P1 P2
L2 ] 3
;51 52 P1 P2
L3 —
| F
| |§ s2
[ [
[ [
F=f=r=-d With current transformers
on ] [] If only currents up to 7.5 A need to be
EREe measured no current transformers are

required, but restrictions apply:

Maximum permissible rated voltage
300V to ground (520V ph-ph)!

1 12 13 PE N tnl twrel til timn]
(|
Homopolar: L4 - COM [J 3V 50/60Hz
A 400V LN /693 VLL 50/60Hz - 500V / CAT I A i@ 5A 50/60Hz - 300V / CAT IIl
L1 P1 P2
F 3
t: _ 81 s2 P1 P2 [

! _—

l

| |sJ 52
|

i

5A
(UL listed)

With current and 3 single-pole
isolated voltage transformers

1 12 13 PE N tnd tred til tn
[
Homopolar: L4 - COM [] 3v50/60Hz
A 400 VLN /693 VLL 50/60Hz - 600V / GAT IIl A @ 5A50/60Hz - 300V / CAT Ill
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Four wire system, unbalanced load
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With current transformers
If voltage Une does not need to be
measured, connection of PE can be omitted.

If current In does not need to be measured,
the corresponding transformer can be
omitted.

Direct current measurement

If only currents up to 7.5 A need to be
measured no current transformers are
required, but restrictions apply:

Maximum permissible rated voltage
300V to ground (520V ph-ph)!

With current and voltage transformer

If current In does not need to be measured,
the corresponding transformer can be
omitted.
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Split-phase ("two phase system"), unbalanced load
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With current transformers

If voltage Une does not need to be
measured, connection of PE can be omitted.
If current In does not need to be measured,
the corresponding transformer can be
omitted.

Direct current measurement

If only currents up to 7.5 A need to be
measured no current transformers are
required, but restrictions apply:

Maximum permissible rated voltage
300V to ground (600V ph-ph)!

With current and voltage transformer

In systems without a primary neutral
conductor a voltage transformer with a
secondary center tap can also be used.
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5.5 Digital inputs
Usage of the (optional) digital inputs
» Triggering power quality recordings
» Trigger and release signal for monitoring functions
» Operating feedback of loads for operating time counters
P Registration of external state transitions

Passive inputs (external power supply with 24 +~ 130V DC required)
Q
D The power supply shall not exceed 130 V DC !

A\

Digital Inputs
(] 24+130vDC
[] 110+220VDC

1234 567 8 9101112 -

5.6 Digital output f
The (optional) relay output can be used with a voltage up to -

250V AC/DC Digital Output

' 250VAC/DC

Usage as digital output
» Status of internal system warnings/alarms
» Pending over/under voltage/current event

5.7 Analog outputs

Analog Outputs +0 <+ 20 mA
(] Modbus / RTU

@12 34 -
[JA B X

Connection to an analog input card of a PLC or a control system

The device is an isolated measurement device. The module outputs are galvanically connected, but the
modules isolated from each other. To reduce the influence of disturbances shielded a twisted-pair cables
should be used. The shield should be connected to earth on both opposite ends. If there are potential
differences between the ends of the cable the shield should be earthed on one side only to prevent from
equalizing currents.

Under all circumstances consider as well appropriate remarks in the instruction manual of the system to
connect.
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5.8 Modbus interface RS485

Via the optional Modbus interface measurement data may be provided for a superior system. However,
the Modbus interface cannot be used for device parameterization.

. 433/+45V0
| ol RS485 Bus
| Rs| |
i T Rx/Tx+,A /\
| I
ril |
y Rx/Tx-,B
= i \J
j GND _i_
MASTER 1)
1234 - 01234 -
oA B X oA B X
1) One ground connection only. Rt: Termination resistors: 120 Q each  Rs: Bus supply resistors,
This is possibly made within the for long cables (> approx. 10 m) 390 Q each
master (PC).

The signal wires (A, B) have to be twisted. GND (X) can be connected via a wire or via the cable shield. In
disturbed environments shielded cables must be used. Supply resistors (Rs) have to be present in bus
master (PC) interface. Stubs should be avoided when connecting the devices. A pure line network is ideal.
You may connect up to 32 Modbus devices to the bus.

S A proper operation requires that all devices
connected to the bus have equal
Baud rate communication settings (baud rate,

transmission format) and unique device
addresses. Use the appropriate menu in the
Stop bits settings of communication.

Parity

: If a Modbus/RTU interface is present but not
Device address . . . .

required, communication may be disabled for
security reasons.

The bus system is operated half duplex and may be extended to a maximum length of 1200 m without
repeater.

5.9 Uninterruptible power supply (UPS)

The battery pack for the optional uninterruptible power supply is supplied separately. Please note that

compared to the storage temperature range of the base unit the storage temperature range of the battery
pack is restricted.

Ensure that devices with uninterruptible power supply are used in an environment in accordance with the
specification. The battery pack may not be recharged if the device is used outside this operating
temperature range.

Due to aging the capacity of the battery decreases. To ensure a successful operation of the device during
power interruptions the battery needs to be replaced every 3 up to 5 years.

Potential for Fire or Burning. Do not disassemble, crush, heat or burn the
removed battery pack.

Replace battery pack with a battery pack of the same type only. Use of another
battery may present a risk of fire or explosion.
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5.10 GPS time synchronization

GPS
The device may be equipped with a connector for connecting a GPS receiver as a very
u g accurate time synchronization source for the measurement device. The GPS receiver is
000 used as outdoor antenna to process data from multiple GPS satellites simultaneously.

GPS receiver

Only use the receiver Garmin GPS 16x-LVS (article
no. 181131), offered as an accessory. This device
is preconfigured by us and provides the required
time information (sentences) without further
configuration effort.

e Protection: IPx7 (waterproof)
e Operating temperature: -30...80°C

e Storage temperature: -40...80°C

e 1Hz pulse accuracy:  1us

e Connector: RJ45

Choosing a mounting location

For a correct operation the GPS receiver requires data from at least 3 satellites at the same time.
Therefore, position the receiver so that the clearest possible view of the sky and horizon in all direction is
obtained. This can be on the roof of a building, at best without reception being restricted by other
buildings or obstacles. Avoid mounting the receiver next to large areas of conductible material, as this
may cause poor signal reception. It should be also not closer than 1 meter away from any other antenna.

A If lightning protection is required, this must be provided by the user.

_—

Mounting the GPS receiver 165 inches [42 mrm]
e The GPS receiver Garmin GPS 16x-LVS J

can be flush mounted by means of 3 M4 ‘ =

SCrews. 120 Degrees = ‘ e M4 Thread

e 120° distribution over a circle of 71.6mm

3.58 inches [91 mm]

e Thread length max. 8mm. Using longer
screws may damage the GPS receiver.

2 44 inches [62 mm] —

Connecting the GPS receiver

device such as a router or switch. These devices could be damaged.

ﬁ Never connect the RJ45 socket of the connecting cable directly to a network

The GPS receiver is plugged directly into the GPS connector. The connection cable has a length of 5 m. It
may be extended using an RJ45 coupling and an Ethernet cable. The connection cable should not be laid
in parallel to live conductors. Twisting or sharp kinking of the cable should be avoided.
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Commissioning
¢ In the settings menu change time synchronization to ,NTP server / GPS*
o Check the time synchronization status

> Service > Device information > Device state

Min/max values reset Device version LNTEFTACES = -mm oo oo oo oo
1) eth8
MAC: 06:12:34:1A:86:85

Meter contents set/reset Device license State: Up
Link: Yes

: : Speed: 186Mb/s

Oerating hours pevice state IP address: 192.168.62.142  [static]
Broadcast addr.: 192.168.63.255 [static]

Device information Subnet mask: 255.255.248.8 [static]
Gateway addr.: 192.168.56.4 [static]

FaCTOW reset Name Servers --—-—--—-—-—=———--cmmmmmmmem e -
DNS server 1: 192.168.56.55 [static]

Firmware update

THME  SOUREES) —m= e e e o

oo Source 1: peol.ntp.org
C tion Test:
ommunication [ests Source 2: Local clock
Source 3: GPS

Device reboot

Time Synchrenisatien ---------—---—-------—-—-—-
synchronised to GPS at stratum 1

time correct teo within 1 ms

polling server every 16 s

HEL IS s=s=es=ssossssssossssossssosssoos

Number of satellites: 84
GPS quality: Differential fix

e The time synchronization can be restarted by switching the time synchronization off and on again.

e Time synchronization via GPS and NTP server may work in parallel. If both synchronization sources
are available, the system uses the more accurate time source, which is normally GPS.

When connecting a GPS receiver for the first time or when it has been out of
D operation for a long time, it may take up to 1 hour for finding enough satellites for
GPS receiver operation and thus for a reliable time synchronization.

5.11 IRIG-B time synchronization

’/ 2 ‘ The device max be equipped with a BNC connector for connecting the signal of an IRIG-B
a* time server. The input supports IRIG-B004, unmodulated on TTL level.
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6. Commissioning

Before commissioning you have to check if the connection data of the device match the

data of the plant (see nameplate).
If so, you can start to put the device into operation by switching on the power supply and

the measurement inputs.

6.1 Parametrization of the device functionality
A full parameterization of all functions of the device is possible directly at the device or via web browser.
This assumes that user has the required access rights.

For security reasons, the security features “Users and Permissions” (RBAC) and “Web security” (HTTPS)
are activated in the factory settings. So, before the device webpage can be displayed using https, you
have to install a root certificate, which is provided via our homepage. Once the certificate is downloaded
to the local computer the certificate can be installed manually. Just double-click on the file, and install the
certificate as a trusted root certification authority.

See: Configuration (7.5)

6.2 Installation check
The correct connection of the current and voltage inputs can be checked in two ways.

a) Sense of rotation check: Using the sequence of the current and voltage phasors the sense of
rotation is determined and compared to the configured one. The phase rotation indicator is arranged
in the menu “Phasor diagram”.

Test requirement: Magnitude of all connected voltages at least 5% of nominal, magnitude of all
connected currents at least 0.2% of nominal.

%

13.12.2019 16:22

Phase Sequence

Possible results

("—:} Correct sense of rotation
! A ' Wrong sense of rotation

Current f Missing phase or magnitude too
small
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b) Phasor verification: The phasor diagram shows a technical visualization of the current and voltage
phasors, using a counter-clockwise rotation, independent of the real sense of rotation.

Q The diagram is always built basing on the voltage of
the reference channel (direction 3 o’clock)

Correct installation (expectation)

8597 8508 8536 A * Voltage sequence in clock-wise order

22 217 200 - L1 > L2->L3(0°~> -120° > 120°)

09z 0529 0330 e e Current sequence in clock-wise order
L1>12->1L3

« Similar angle between voltage and current phasors in all
phases (approx. -20°)

50V/div  20A/div

230.58 230.63 23053 v What’s wrong?
oce e 12002 : e Voltage sequence: L1 > .2 > L3
Be — a8 4 o Current sequence: L1> L3 > L2; Current L2 is out of the

expected sequence
e Angle U-I: Angle between U, and I, is approx. 180°
wrong

Required correction
Reversing the polarity of current I,

50Vv/div  20A/div

O [

230.59 230.49 230.70 v

What’s wrong?

000 12004 1999 : ¢ Voltage sequence: L1-> L3 - L2; L3 and L2 seems to be
8557 e6.02 a8 A interchanged

s S H : e Current sequence: L1 > > L3

ooz B ores i e Angle U-I: Angles between U, / I and Uis / I3 do not

correspond to the expectations

Required correction
Exchanging the connections of the voltages L2 and L3

50V/div  20A/div

’ ?
I I | Vhat's wrong?

2058 23049 23068 v e Voltage sequence: L1-> L3 - L2; L3 and L2 seems to be
0.00 120.04 -119.99 g exchanged
8s7 go0s gsee A e Current sequence: L1-> L3 - L2; Current L2 is out of the

-22.9 -81.6 -140.0

expected sequence
e Angle U-I: Angles between U, / I, and U3 / I 5 do not
correspond to the expectations

0.921 0.145 0.766 PF

Required correction
Exchanging the connections of the voltages L2 and L3 and
50V/div. 20A/div reversing the polarity of the current input I,

EENEN | What's wrong?

230.45 230.48 230.58 v

o Voltage sequence: L1 > .2 > L3

— o o a e Current sequence: L3 > L1 >

ass0 2416 400 - e Angle U-I: The U-I angles do not correspond to the
07% 0784 0766 PF eXpeCtatiOn, but are similar

0.00 120,02 119.98

Required correction

Cyclical exchange of the voltage connections: L1->L3,
L2->L1, L3=>L2. As an alternative the sequence of all
50v/div. 20A/div currents may be changed as well (more effort required).
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6.3 Ethernet installation

6.3.1 Settings

Before devices can be connected to an existing Ethernet network, you have to ensure that they will
not disturb the normal network service. The rule is:

None of the devices to connect is allowed to have the same IPv4/6 address
than another device already installed.

The device supports both IPv4 and IPv6 communication. IPv4 communication is activated by default; IPv6
can be activated additionally via configuration.
IPv4 communication

Depending on the device version, there may be multiple involved network devices with different default
IPv4 addresses.

PM 1002618 000 01

Interface | Application Default IPv4 Settings via menu

Standard 1 | Configuration Device 1 192.168.1.101 Settings | Communication | Ethernet

Standard 2 | Configuration Device 2 192.168.1.102 Settings | Communication | Ethernet
(double rack only)

IEC 61850 | IEC61850 communication 192.168.1.111 Settings | IEC61850 | Ethernet

IPv6é communication

Depending on the device version, there may be multiple involved network devices with different default
IPv6 addresses, once the IPv6 communication is activated.

Interface | Application Default IPv6 Settings via menu

Standard 1 | Configuration Device 1 fd2d:bb44:97f1:3976::1 | Settings | Communication | Ethernet

Standard 2 | Configuration Device 2 fd2d:bb44:97f1:3976::2 | Settings | Communication | Ethernet
(double rack only)

IEC 61850 | IEC61850 communication fd2d:bb44:97f1:3976::B | Settings | IEC61850 | Ethernet

Network settings (Communication | Ethernet)

The following settings have to be arranged with the network administrator:

¢ IPv4/6: IP address

Must be unique, i.e. may be assigned in the network only once

e IPv4: Subnet mask

Defines how many devices are directly addressable in the IPv4 network. This
setting is equal for all the devices. Examples

¢ |IPv4/6: Gateway address

Is used to resolve addresses during communication between different networks. It
should contain a valid address within the directly addressable network

¢ IPv4/6: DNS-Server x

Is used to resolve a domain name into an address, if e.g. a name (pool.ntp.org) is
used for the NTP server. Further information

¢ |IPv6: Prefix length

Is comparable to the subnet mask in IPv4 networks; it is the number of the leftmost
bits of the site prefix which need to be identical for direct communication.

¢ Hostname

Individual designation for each device. Via the hostname the device can be
uniquely identified in the network. Therefore for each device a unique name should
be assigned.

e NTP-Server x

NTP servers are used as base for time synchronization

Device handbook LINAX PQ5000-RACK
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IPv4: Mode

IPv4: IP address

Subnet mask

IPv4: Gateway address

IPv4: DNS server 1

IPv4: DNS server 2

IPv6: Mode

IPv6: IP address

IPv6: Prefix length

IPv6: Gateway address

IPv6: DNS server 1

IPv6: DNS server 2

Host name

Clock synchronization

NTP server 1

NTP server 2

192.168.62.25

255.255.248.0

192.168.56.5

192.168.56.55

192.168.56.155

Static

fd2d:bb44:9711:3976::3

fd2d:bb44:9711:3976:5:1

PQS000Exxxxx

NTP server / GPS

-

pocl.ntp.org

IP address 192.168.62.103

Subnet mask 255.255.248.0
Gateway address 192.168.56.5
DNS server 1 192.168.56.55
DNS server 2 192.168.56.155
Host name PQ5000-IEC61850-RR
NTP server

Clock synchronization

NTP server 1 pool.ntp.org

NTP server 2

Network settings of Standard Ethernet interface Network settings of IEC61850 interface

IPv4: Subnet mask
For a direct communication between device and PC both devices need to be in the same network when
the subnet mask is applied:

Example 1

decimal

binary

IP address

192.168. 1.101

11000000 10101000 00000001 01100101

Subnet mask

255.255.255.224

11111111 11111111 11111111 11100000

variable range

XXXXX

First address

192.168. 1. 96

11000000 10101000 00000001 01100000

Last address

192.168. 1.127

11000000 10101000 00000001 01111111

» The device 192.168.1.101 can access directly the devices 192.168.1.96 ... 192.168.1.127
Example 2 decimal binary
|P address 192.168. 57. 64 11000000 10101000 00111001 01000000

Subnet mask

255.255.252. O

11111111 11111111 11111100 00000000

variable range

XX XXXXXXXX

192.168. 56. O 11000000 10101000 00111000 00000000
Last address 192.168. 59.255 11000000 10101000 00111011 11111111
» The device 192.168.57.64 can access directly the devices 192.168.56.0 ... 192.168.59.255

First address
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IPv4: Mode >> DHCP

If a DHCP server is available, alternatively to the static mode ,DHCP“ or ,DHCP, addresses only“ can be
selected. The device then gets all necessary information from the DHCP server. The difference between
the two modes is that for “DHCP” also the DNS server address is obtained.

The settings obtained from the DHCP server can be retrieved locally via the service menu.

Main menu 2202.2016_11:08

A

Service

R 22.02.2016 12:21
@ Harmonics

. i 2202.2016 1223
Phasor diagra

Meter contents st ; ) @
Device version 28.02.2018 09:49
. Operating hours s
l/» Service P J Device license

Settings ‘ De nformatic Dev ate
v Factory reset

—
v

o) Depending on the settings of the DHCP server the provided IPv4 address can change on
D each reboot of the device. Thus, it's recommended to use the DHCP mode during
commissioning only.

Time synchronization via NTP protocol

For the time synchronization of devices via Ethernet NTP (Network Time Protocol) is the standard.
Corresponding time servers are used in computer networks, but are also available for free via Internet.
Using NTP it's possible to hold all devices on a common time base.

Two different NTP servers may be defined. If the first server is not available the second server is used for
trying to synchronize the time.

If a public NTP server is used, e.g. “pool.ntp.org”, a name resolution is required. This normally happens
via a DNS server. So, the IP address of the DNS server must be set in the communication settings of the
Ethernet interface to make a communication with the NTP server, and thus time synchronization, possible.
Your network administrator can provide you the necessary information.

The time synchronization of the Standard interface can be performed via a GPS receiver or an |IRIG-B
time server as well.

TCP ports

The TCP communication is done via so-called ports. The number of the used port allows determining the
type of communication. As a standard Modbus/TCP communication is performed via TCP port 502, NTP
uses port 123. However, the port for the Modbus/TCP communication may be modified. You may provide
a unique port to each of the devices, e.g. 503, 504, 505 etc., for an easier analysis of the communication
traffic. Independent of these setting a communication via port 502 is always supported. The device allows
at least 5 connections to different clients at the same time.
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6.4

Firewall

Due to security reasons nowadays each network is protected by means of a firewall. When configuring the
firewall you have to decide which communication is desired and which have to be blocked. The TCP port
502 for the Modbus/TCP communication normally is considered to be unsafe and is often disabled. This
may lead to a situation where no communication between networks (e.g. via Internet) is possible.

6.3.2 Connection of the standard interface

The standard Ethernet interface is available via both a RJ45 connector on the front and on the back of the
device.

= Interface: RJ45 socket, Ethernet 100BaseTX
* Mode: 10/100 MBit/s, full / half duplex, Auto-negotiation
= Protocols: http, https, Modbus/TCP, NTP

6.3.3 Connection of the IEC61850 interface

The two ports (RJ45) of the IEC61850 interface are available via back of the device. Both ports are
equivalent and internally connected via a switch.

= Interface: RJ45 sockets, Ethernet 100BaseTX
* Mode: 10/100 MBit/s, full / half duplex, auto-negotiation
= Protocols: IEC61850, NTP

6.3.4 MAC addresses

For uniquely identifying Ethernet connections in a network, a unique MAC address is assigned to each
connection. Compared to the IP address, which may be modified by the user at any time, the MAC
address is static. The corresponding MAC addresses are given on the nameplate and may be displayed
also via Service | Device information | Device state or IEC61850 status respectively.

Communication tests

Via the service menu on the device website you may check if the selected network structure is valid. The
device must be able to reach the DNS server via gateway. The DNS server then allows resolving the URL
of the NTP server to an IP address. The Standard Ethernet interface serves as interface for the
communication tests.

¢ Ping: Connection test to any network device (initial: gateway address)
o DNS: Test, if the name resolution via DNS works (initial: URL of NTP server)
o NTP: Test, if the selected NTP-Server is in fact a time server (stratum x)

e SFTP: Test, if access to SFTP server works. A test file will be copied to the base directory of the

server.
IPv4: Ping 192.168.56.5 Testing NTP ‘pool.ntp.org’
server 176.18.99.208, stratum 2, offset -0.8608689, delay
IPv6: Ping fd2d:bb44:971:3976:5:1 6.03264
server 162.159.200.123, stratum 3, offset 6.868516, delay
DNS 192.168.56.55 ¥ 6.83139
server 84.16.67.12, stratum 1, offset -0.060664, delay
8.83568
NTP pool.ntp.org server 5.148.175.134, stratum 2, offset -8.808183, delay
8.83174

23 Apr 14:29:86 ntpdate[5257]: adjust time server

SFTP server tenserv.camillebauer.intra | 22
84.16.67.12 offset -0.000664 sec

data

sfipuser

NTP server test
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6.5 3G/4G Router
The optional 3G/4G router provides access to device data via the mobile communication network.

Type: RUT240, LTE CAT4 Industrial Cellular Router
Manufacturer: Teltonika

Instructions available via: https://wiki.teltonika.lt/view/RUT240 Manual
Default IP address for configuration: 192.168.1.1

SIM card

The router is delivered without SIM card. To insert a SIM card, you have to open the top cover of the rack
housing by removing the 6 fixing screws first.

Ensure that all leads already connected to the device are free of potential
/ f \ before opening the cover!

The router is mounted on the left side wall (seen from the back).

1. Push the SIM holder button with the SIM needle
2. Pull out the SIM holder

3. Insert your SIM card into the SIM holder

4. Slide the SIM holder back into the router

6.6 IEC 61850 interface
The features of the optional IEC61850 interface are described in a separate document:

>> [EC61850 interface SINEAX AMx000/DM5000, LINAX PQx000, CENTRAX CUx000

This document is available via: https://www.camillebauer.com/

6.7 Simulation of analog / digital outputs
To check if subsequent circuits will work properly with output values provided by the device, using the
service menu Simulation analog or digital outputs may be simulated. This is done by either entering
analog output values or selecting a discrete state for the digital output.

Simulation is possible via webpage and as well via the local display.

> Service > Simulation > Analog outputs

Simulation Digital outputs

Turn on simulation

Min/max values reset Analog outputs
Analog output 1.1

Meter contents set/reset
Analog output 1.2

Logger values reset

Analog output 1.3

Operating hours
Analog output 1.4

Device information

Simulation of analog outputs via device webpage
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6.8 Security system

There are several security mechanism implemented in the device which can be activated to provide a
comprehensive access protection to all device data.

>

The role-based access control (RBAC) system allows restricting the access to measured data,
configuration settings and service functions to the rights granted to the present user. For access via
website or local display this is done by reducing the available menus and / or providing only read
access rights to specific services. For accessing data via external applications an API (Application
Programming Interface) key is required, which needs to be implemented as a special user.

HTTPS provides encrypted communication using TLS (Transport Layer Security)
Via client whitelist access to the device can be restricted to specific clients with definable IP
addresses

Communication blocking: Communication services, such as Modbus/RTU, Modbus/TCP or
SYSLOG are blocked by default and must be actively enabled via configuration. This way
unauthorized access may be prevented and possible intruding points eliminated.

Audit log: The device stores all security related messages in a separate list accessible via the
service menu. The content of this list can also be transferred to a central log-server using the
SYSLOG protocol for security auditing.

If the device is equipped with a display, restrictions defined in the security system also take effect when
operating the device via the local display. It is also possible to restrict users to local access only.

6.8.1 RBAC management
Each access to device data via website, local display or external software applications can be
comprehensively protected using the role-based access control (RBAC) system. This way, access to
measured value information, the change of configuration parameters or the resetting / deletion of
measurement data can be individually adapted to the role of the active user.

Note: All settings of the security system are stored in the device in encrypted form only; login credentials
are never transmitted in plain text.

A maximum of 8 users is supported

>

3 pre-defined standard users
e admin: A user with administrator rights (Default setting password: ,CBM_1234")

e localgui: The standard user for the local display. Its permissions determine what can be displayed or
changed via the built-in display without a user having to log in.

e anonymous: The standard user for access via device website. Its permissions determine what can
be displayed or changed via the website without a user having to log in.
Up to 5 definable users or API keys

Users or APl keys may be created by each user with write access to the settings of the security
system. In any case, each user with a web login can change the password of its own account.

Application programming interface (API) keys are used to allow applications to access device data via
REST interface (communication via http/https protocol). Such keys are timely unlimited and have
either read-only permissions, all permissions or all permissions except security.

The pre-defined administrator or any other user with full access rights to the settings of the security
system can:

e Change its own credentials (user name and/or password)
e Change the credentials (user name and/or password) of any other user

e Freely define the permissions of the standard users localgui and anonymous; both users are
standard users without login credentials

e Create new users up to a maximum of 5

¢ Restrict users to local operation only (no login via website)
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Adding users / APl keys
In addition to the 3 predefined users a maximum of 5 users or APl keys may be created. To do so, use
“Add user / APl key” and select the type of user to be created.

x
Add user/ AP| key

Create user
Create API key

Cancel

Users: During password definition the requirements for a secure password are checked and the result is
displayed. Each new user can be created based on the permission template of an already existing user,
but all of these permissions may be changed later.

Create user
User name [ operatord
Password | o o]

Re-enter passwort [

Permission template [ admin

When defining / changing passwords the following restrictions must be considered:
- Password length 8 up to 32 characters

O

- At least three different types of characters must be used (uppercase, lowercase, numbers,
special characters)

CAUTION: If login credentials (user name and / or password) of users with
Q  write access to the security system are changed, this information must be
D kept safe. For security reasons resetting the RBAC system can only be done
at the factory, no backdoor is implemented.

API key: Along with the key name you have to define the permissions to be granted to the application
using the key via REST interface. The resulting access rights cannot be changed afterwards.

Create API key
Key name PLC_Access
Permission template Read-only permission
Read-only permissions
A&ll permissions except security
Save Back &ll permissions
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Once the API key is created it can be displayed using a8 “Show API key”

x
API key

%,l’tﬂci[)i.]l“zﬂﬂilslnﬂ!’:wlﬁlk XVCJQ.ﬁ{iJdeQiDiIDMjIﬂISImI‘dCImﬁO
DY30Cwic3ViljoiWwOFQSY1 |c3NUb21lbilsinR4bil6liMy0SJ9.HTEWTU7
Ilﬂn‘ll.l_wFlemI{Sém]SAﬂ 1a0NjK-ID4JA

Ok

When the application wants to communicate via REST interface with the device, it has to provide the API

key and the session token via the cookie field in the request header, e.g.:
Cookie:
AccessToken=eyJhbGci0iJIUZIINIIsINRScCIETkpXVCI9.eylhdWQiOiIxYjgd4IliwiaWFOL joxNTc5MTU40Tc4LCIzdWIiol

Jhbm9ueWlvdXMiLCI@eGAi0iIxOTIuMTY4L jUALFEXNCIO. Lil juJlcs2bZAmYH1vdMXTALr87gxUX-3kZ4ctz6jdMc;
sessionToken={5d1cad47c-8d38-4a08-85d5-feftbd941faz20}

Further information is provided in the document “http interface SINEAX PQx000”

Assignment of user rights

The assignment of the user rights granted for operation is done via the menu Settings | Security system |
Users and permissions:

Users and Permissions

Add user/ AP key

(@)
(@)
(#)

[API|Access Token |E

ancnymous
operator]
operator2
operator3

Local account (no weblogin)

4]

0O

Instantaneous values
8] Energy
m Harmonics

Measurements or settings can be
displayed

o

@
@

Measurements or settings cannot
be displayed

0o (o|o
0o (o|o
@ 0O

[
@

@
@
@
@

8

Settings can be changed

e
@
@
@

¥

Settings cannot be changed

@
@
o

@
@
00 0|b0|b0|0|0|o|0|o|0|o|o|a|o

® 0
® O

@

Field not selectable

O O
@] @]
@] S| 0O
@] S| 0
@] S| 0O
0880688
@] S| 0O
@] S| 0O
@] @]

Reset values

®
®

Reset/Update device

S
X
®
N}
®
®

E:
L

Change a user’s login credentials

Audit Log

o

8 0
®

® O
8 @
® @

Use 10 simulation

B Settings

Basic device settings

@
o
@

80
8 0
® |
=
=
=

Measurement

S
X
®
®
®
®

Communication

S
X
®
®
®
®

Security system

S|
[\ ]
®
S
®
®
O

Overview of the access rights of each possible user
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PM 1002618 000 01

6.8.2 User log in/ out via website

a) If “anonymous” has no granted permissions

Via website Remarks
‘ CAMILLE BAUER
1) Enter user name and password
2) Press <ENTER> or select “Login”
l‘ - l If successful, depending on the permissions of the user
[ ] logged in, the appropriate website is displayed
a ......... .|

b) If “anonymous” has granted permissions

Via website Remarks
« [0
AN
1) Click on the symbol D
|l T | 2) Enter user name and password. On first login use the
default settings admin / CBM_1234.
| [+ p— | | 3) Press <ENTER> or select “Login”
If successful, depending on the permissions of the user
logged in, the appropriate website is displayed

c) If another user is already logged in

Via website Remarks
 a
A
‘ O ‘ Log out the current user by selecting “Logout”
Logout
[N
A 1) Click on the symbol D
2) Enter user name and password
.‘ admin “ s
3) Press <ENTER> or select “Login
| B e L | If successful, depending on the permissions of the user
logged in, the appropriate website is displayed
ogin

Device handbook LINAX PQ5000-RACK 33/100




6.8.3 User log in/ out via local display

a) If “localgui” has no granted permissions

Locally Remarks

No information is displayed on the screen.
Press <ESC> to enter the login screen.

1
2
3
4

Press <OK> to enter the user name
Proceed to password using
Press <OK> to enter the password
Proceed to Login and press <OK>

~— — ~— ~—

If successful, depending on the permissions of the user
logged in, the appropriate menu is displayed.

b) If localgui has granted permissions

Locally Remarks

Repeatedly press <ESC> until the login screen is displayed.

1
2
3
4

) Press <OK> to enter the user name

) Proceed to password using

) Press <OK> to enter the password

) Proceed to Login and press <OK>

If successful, depending on the permissions of the user
logged in, the appropriate menu is displayed

c) If another user is already logged in

Locally Remarks

Repeatedly press <ESC> until the login screen is displayed.
Log out the current user by selecting “Logout”

Depending on the permissions of localgui either a menu or
the lock symbol is displayed

Repeatedly press <ESC> until the login screen is displayed.

1
2
3

Login 4

Press <OK> to enter the user name
Proceed to password using
Press <OK> to enter the password
Proceed to Login and press <OK>

~— — ~— ~—

If successful, depending on the permissions of the user
logged in, the appropriate menu is displayed.
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6.8.4 Whitelisting clients

Whitelist
It is possible to define a list of IPv4 and/or IPv6

addresses of up to 10 clients allowed to have
Client 2 192168587 access to the device. All other clients will be
blocked. Enable the whitelist via the Settings of
the Security system in the item Whitelist.

Client 1 192.168.583

Client 3 192.168.59.3

Client 4 192.168.62.5

If a DHCP server is used in the system,
clients may get different IP addresses
on each startup, losing this way access
to the device.

Client 5

Client 6

Client 7

O

If a device is no longer accessible you
can reset its IP address (LAN),
deactivating the whitelist at the same
time.

Client 8

Client 9

Client 10

6.8.5 Secure communication using https

The https communication is activated by default. This protocol provides encrypted communication using
TLS (Transport Layer Security). Such as bidirectional encryption of communications between a client and
server protects against eavesdropping and tampering of the communication, by creating a secure channel
over an insecure network.

Before HTTPS communication can be used a root certificate needs to be installed. The user can either
use a Camille Bauer certificate (default setting) or its own customer certificate. This may be changed
when defining the Settings of the Security system.

with Camille Bauer certifica v

disabled
with Camille Bauer certificate |
with customer certificate

Camille Bauer certificate
The Camille Bauer Metrawatt root certificate is provided via https://camillebauer.com/pg5000r-en). It
needs to be installed before the browser is started.

Once the certificate is downloaded to the local computer the certificate can be installed manually. Just
double-click on the file. Install certificate, then select Place all certificates in the following store,
Browse and select Trusted Root Certification Authorities. Finish the Import Wizard.

Certificate =
General | petails | Certification Path Certificate Import Wizard =
Certificate Store
@a Certificate Information Certificate stores are system areas where certificates are kept.

This CA Root certificate is not trusted. To enable trust,

A“’tthoa" rt,{'.';c:{;i“te P LT e \Windows can automatically select a certificate store, or you can specify a location for

the certificate.
() Automatically select the certificate store based on the type of certificate
(@) Place all certificates in the following store

Certificate store:

Tssued to: Camile Bauer Metranatt AG Internal Root CA
Issued by: Camile Bauer Metrawatt AG Internal Root CA
Select Certificate Store =5
valid from 07. 09, 2018 to 04 09, 2028
Select the certificate store you want to use.
: - Learn more about certificate stores | Personal ‘
Install Certificate..,| | Jssuerstatement | || M| i Bl Trust=d Root Certification Authorities El
Learn more about certificates ~({|  e _| Enterprise Trust i
— _| Intermediate Certification Authorities
----- | Active Directory User Object
..... Triietad Dublishare i
< 1 ] v
[7] Show physical stores

The imported certificate is valid for all devices of the PQ, AM, DM and CU series.
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https://en.wikipedia.org/wiki/Eavesdropping
https://en.wikipedia.org/wiki/Tamper-evident#Tampering
https://camillebauer.com/pq5000r-en

Agree to install the certificate if the below security warning appears:

™

Security Warning

You are about to install a certificate from a certification autherity (CA)
I_\ claiming to represent:

Camille Bauer Metrawatt AG Internal Root CA

Windows cannot validate that the certificate is actually from "Camille
Bauer Metrawatt AG Internal Root CA", You should confirm its erigin by
contacting "Camille Bauer Metrawatt AG Internal Root CA". The
following number will assist you in this process:

Thumbprint (shal): 8C4CB128 845D23E5F 53EDISFT DITFADTF ETB2E9EG

Warning:

If you install this root certificate, Windows will automatically trust any
certificate issued by this CA. Installing a certificate with an unconfirmed
thumbprint is a security risk. If you click "Yes" you acknowledge this
risk,

Do you want to install this certificate?

Customer certificate
You may also use a customer server certificate with a private key, but for that you first need to change the
Settings of the Security system in the item Web Security.

HTTPS with customer certificate v

Upload customer server certificate

Private Key B

You may use https communication also by ignoring any browser warning and establishing an
D unsecure connection to the device. However, for security reasons you should not work like
that in the intended network environment.

6.8.6 Audit log (SYSLOG)
Security related events, such as ...

¢ a computer establishing a connection to the device
e a user logged in /out

o a failed login attempt

¢ each changing of the device configuration

o the view of the security log by a user

e etc.

are logged in a security log accessible via the service menu.
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(I<| < 2 | 3 | 4 | > |+5>>) Results per page lzs v]

e

Example of a security log: The severity of each message is shown in a color code, which may also serve as filter
criteria.

Each entry into this list may, if activated, also be transferred to a central log-server using the SYSLOG
protocol for security auditing. This transfer may be performed based on UDP, TCP or TLS. The settings of
the Syslog server are available via Settings | Communication | Syslog server:

Syslog protocol

Host

Port
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7. Operating the device

7.1 Operating elements

CAMILLE BAUER

0dd harmonics U

L1 THD 0.0% M L2 THD 0.0% L3 THD 0.

2.5%|
2.0%)|
1.5%)
1.0%|
0.5%)

3 7 11 15 19 23 27 31 35 39 43 47

The operation of the device is performed by means of 6 keys:
> 4 keys for navigation (<4, A, 7, I>) and for the selection of values
» OK for selection or confirmation
» ESC for menu display, terminate or cancel

The function of the operating keys changes in some measurement displays, during parameterization and
in service functions.

7.2 Selecting the information to display

PAMILLE BAUER

Hm menu

| G Energy

| l1,.| Harmonics

Waveform

LINAX[

Information selection is performed via menu. Menu items may contain further sub-menus.

Displaying the menu

Press ESC. Each time the key is pressed a change to a higher menu level is performed, if present.
Displaying information

The menu item chosen using 4,7 can be selected using OK. Repeat the procedure in possible submenus
until the required information is displayed.

Return to measurement display
After 2 min. without interaction the menu is automatically closed and the last active measurement display
is shown.
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7.3 Measurement displays and used symbols

For displaying measurement information the device uses both numerical and numerical-graphical

measurement displays.

Examples Measurement information

aw

22.05.2019 10:42

0.0000 kw

3.586 kvar

3.587 kva

0.000

4 measured quantities

0dd harmonics | awr

22.05.2019 10:39

L1 TDD 60.1% ™ L2 TDD 62.4% L3 TDD 64.5%
100%
80%

60%

40%

20%

3 7 11 15 19 23 27 31 35 39 43 47
Further examples

Graphical measurement display

Incoming / outgoing / inductive / capacitive

The device provides information for all four quadrants. Quadrants
are normally identified using the roman numbers |, I, lll and 1V, as
shown in the adjacent graphic. Depending on whether the system
is viewed from the producer or consumer side, the interpretation
of the quadrants is changing: The energy built from the active
power in the quadrants 1+1V can either been seen as delivered or
consumed active energy.

By avoiding terms like incoming / outgoing energy and inductive or
capacitive load when displaying data, an independent
interpretation of the 4-quadrant information becomes possible.
Instead the quadrant numbers |, Il, Il or IV, a combination of them
or an appropriate graphical representation is used. You can select
your own point of view by selecting the reference arrow system
(load or generator) in the settings of the measurement.

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK

39/100

IV



Used symbols

For defining a measurement uniquely, a short description (e.g. Uin) and a unit (e.g. V) are often not
sufficient. Some measurements need further information, which is given by one of the following symbols
or a combination of these symbols:

_I.ll_ Mean-value 2HT Meter (high tariff)

]lf Mean-value trend LT Meter (low tariff)

t Bimetal function (current) A Maximum value

Q Energy quadrants [+IV A 4 Minimum value

G Energy quadrants I+l TRMS  True root-mean-square value

@ Energy quadrants [+l RMS EZZZZZi?alsgl:iraGr:wiEE: (ceég’.[ent only)
-@ Energy quadrants IlI+IV (H1) Fundamental component only
LILILIV Quadrants (] Average (of RMS values)

Examples

1418 19.10.2015

P , 0.00 kWh-‘ ‘P VW e | VY 1.1533 mw ‘
—_— ( 14118 19.10.2015 = -,
S 14377 [l P 11813 11804 ww |
—_— 1418 19.10.2015
0.00 v [ P 5" 12008 (P, . o 1.2093ww |
7 68 v | ‘0 1 u‘m.la ::.w.zms 0.2197 mvar | V 0.2307 wvar ‘
Meters with tariff and quadrant User mean values: Last values User mean values: Trend
information

7.4 Resetting measurement data

¢ Minimum and maximum values may be reset during operation. The reset may be performed in
groups using the service menu.

Group | Values to be reset
1 Min/max values of voltages, currents and frequency
2 Min/max values of Power quantities (P,Q,Q(H1),D,S); min. load factors
3 Min/max values of power mean-values, bimetal slave pointers and free selectable mean-values
4 Maximum values of harmonic analysis: THD U/I, TDD I, individual harmonics U/I
5 All imbalance maximum values of voltage and current

o Meter contents may be individually set or reset during operation using the service menu

* Recorded logger data can be individually reset via the service menu “Logger values reset”. This
makes sense whenever the configuration of the quantities to record has been changed.
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7.5 Configuration
7.5.1 Local configuration at the device
With the exception of the security system a full parameterization of the device can be performed via the
menu “Settings”.

Modifications will not take effect before the user accepts the query “Store configuration changes” when
leaving the settings menu. Changings in the “Country and clock” menu have immediate effect (e.g. a
different operating language is used), but nevertheless must be stored.

Country and clock: display language, date format, time zone, clock synchronization, time/date

Display: Refresh rate, brightness, screen saver

Communication: Settings of the communication interfaces Ethernet and Modbus/RTU. In addition,
a SFTP server may be defined, to push user definable data files to.

Measurement: System type, sense of rotation, nominal values of U / | / f, sampling, reference arrow

system etc.

Hints

= U/ I transformer: The primary to secondary ratio is used only for converting the measured secondary to
primary values, so e.g. 100/ 5 is equivalent to 20 / 1. The values do not have any influence on the display
format of the measurements.

= Nominal voltage: Is used as the 100% reference for monitoring power quality events and corresponds to the
declared input voltage Uqin in accordance with IEC 61000-4-30

= Nominal current: Rated current the system is designed for

= Max demand load current: Reference for scaling the harmonic content TDD of the currents

= Max short circuit current: Is used is used for calculating the limits for current harmonics and TDD when testing
IEEE 519 compliance

= Maximum primary values U/I: These values are used only for fixing the display format of the measurements.
This way the resolution of the displayed values can be optimized, because there is no dependency to
installed transformers.

= Synchronous sampling: yes=sampling is adjusted to the measured system frequency to have a constant
number of samplings per cycle; no=constant sampling based on the selected system frequency

= Reference channel: The measurement of the system frequency is done via the selected voltage or current
input

= Voltage neutral-earth / neutral current: These quantities may be measured or calculated. Of course, if
“measured” is selected the appropriate terminals must be connected.

Power quality: Definition of parameters for monitoring the PQ events voltage dip, voltage
interruption, voltage swell, rapid voltage changes and mains signalling voltage. User-specific limits
for the evaluation of the PQ statistic can also be set.

Mean-values | standard quantities: Interval time and synchronization source for the predefined
power mean values

Mean-values | user defined quantities: Up to 12 quantities (10 pre-defined, 2 selectable) for
determining their mean-values and selection of their common interval and synchronization source

Bimetal current: Selection of the response time for determining bimetal currents
Meters | Standard meters: Tariff switching ON/OFF, meter resolution

Meters | User defined meters: Base quantities (Px,Qx,Q(H1)x,Sx,Ix), Tariff switching ON/OFF,
meter resolution

Meters | Meter logger: Selection of the reading interval
Limit values: Selection of up to 12 quantities to monitor, limit values for ON/OFF, event text ")
Digital inputs: Debounce time (minimum pulse width) and polarity of the optional digital inputs

Monitoring functions: Definition of up to 8 monitoring functions with up to three inputs each, delay
times for ON / OFF and event text "

Summary alarm: Selection of the monitoring functions to be used for triggering the summary alarm
and selection of a possible source for resetting
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e Operating hours: Selection of the running condition for up to 3 operating hour counters
o Digital output: Definition of the state source for the optional digital output
e Analog outputs: Type of output, source, transfer characteristic, upper/lower range limit
e Security system: Definition of the security system (RBAC, https, whitelist)

e Device tag: Definition of different texts ") mainly used for report generation, such as device tag,
document title, device location and others.

o Data export scheduler: Via website you can setup tasks to be performed regularly. Each time such
a task is running, it creates a data file to be transferred to a SFTP server and/or to be stored locally
on the device. Via local configuration tasks can be enabled or disabled only.

) In user-defined event and description texts all Unicode characters (UTF8) are allowed with the
exception of the following:

ASCII control characters (0x00 - Ox1F)
The quotation mark ™ (0x22)

The character & (0x26)

The apostrophe ' (0x27)

The asterisk * (0x2A)

The slash / (0x2F)

The colon : (Ox3A)

The «less than» character < (0x3C)
The «bigger than» character > (Ox3E)
The question mark ? (0x3F)

The backslash \ (0x5C)

The vertical line | (0x7C)

At the device itself only «<normal» characters of the ASCII character set can be input. Entering
language specific character or texts is possible via the website of the device only.
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7.5.2 Configuration via web browser

‘0 e It's recommended to use either Google Chrome or Firefox as browser.
J.(",'—\)

Internet Explorer works with limitations only (partly missing texts, firmware update not possible)

e

As soon as the root certificate is installed you can start the browser and display the device website using:
e IPv4 communication: https://IPv4_addr, e.g. https://192.168.1.101
¢ [IPv6 communication: https://[IPv6_addr], e.g. https://[ fd2d:bb44:971:3976::1]

This request works only if device and PC are in the same network segment. Depending on the device
version, there may be multiple network devices with different default IP addresses.

Device website using Google Chrome
= (m] x
A ps/192.168.1.101/webgui x +

« C @ 192.168.1.101/webgui/indexhtmi# o a ¢« B Q :

A camLLE BAUER [] B 05022020 034
> Instantaneous values

ovever | mone | s | covervage | amomnrn | roverivn

UIN 0000kV U2N | 0.000kv

¥

FE

00011 kA

[__[roon_Jamewd [swmn [l A —
Sys 0.00 0.00 0.00 1.000

0.000 0.000 Um | 0.000 kv

L 0.00 0.00 0.00 1.000 0.000 0.000

L2 0.00 0.00 0.00 1.000 0.000 0.000

L3 0.00 0.00 0.00 1.000 0.000 0.000

# 192.168.1.101/webgui/indexhtml# | The locker symbol shows that a secure connection is established

There are three information here:

e The SD-card is present and stores data
. ¢ A network connection is established
¢ No user with credentials has logged in so far. Information granted to the

default user ‘anonymous’ is displayed.

addition, it is possible to setup the security system and the Data export scheduler and to enter
user-defined event or description texts in UTF8 format.

E Via WEB-GUI you can make the same settings as via the local GUI using the Settings menu. In

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK 43/100



In addition, it is possible to setup the and to setup the. Possibly modifications needs to be saved in the
device, before all parameters have been set. In such a case the following message appears:

Store configuration changes?

Yes No Cancel

If this request is not confirmed, unsaved modifications of the present device configuration may get lost.

Loading / saving configuration files

The user can save the present device configuration on a storage media and reload it from there. The
storage or load procedure varies depending on the used browser.

Q  The settings of the security system are not part of the configuration file. There is no
possibility to transfer security settings from one device to another.

(= | Loading a configuration file from a storage media

The configuration data of the selected file will be directly loaded into the device. The
values in the WEB-GUI will be updated accordingly. Normally devices differ in the
settings of network and Modbus parameters and device name. Thus when loading the
file you can choose, whether the appropriate settings of the device should be retained or
overwritten by the values in the file to be uploaded.

You are going to overwrite the device
configuration!

Do you really want to upload & new configuration?

Device tag ovenwrite

Ethermet ovenwrite

RS-485 Modbus/RTU ovEerwTite
Upload Cancel

Storing the current parameter settings of the WEB-GUI into the device

Saving the device configuration to a storage media

Attention: Modifications in the WEB-GUI, which haven’t been stored in the device, will
not be written to the storage media.

R E
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7.6 PQ monitoring
Power quality monitoring provides both a statistical evaluation, allowing an assessment of compliance
with standards (e.g. EN 50160) or supply contracts, as well as records of events in the grid (e.g. power
voltage dip). This facilitates the analysis of causes and effects. Conformity reports may also be created
directly via the website of the device.

7.6.1 PQevents

The device monitors all voltage events in accordance with IEC 61000-4-30. The default values of the
trigger thresholds correspond to the common values of the EN 50160 for a public low-voltage distribution
system, but can be changed by the user to individual needs.

In addition to the requirements of IEC 61000-4-30 the device can monitor current swells, voltage
unbalance and frequency anomalies.

Monitored events Threshold Hysteresis | Reference value

Voltage dip 90% 2%

Voltage interruption 10% 2%

Voltage swell 110% 2% Nominal voltage

Rapid voltage change 6% 50% )

Homopolar voltage 50% 2%

Current swell 120% 2% Nominal current

Frequency anomaly lower: 99% 0.5% Nominal frequency
upper: 101%

Digital input events 2 Any state change

) Related to the respective threshold

2 For device versions with digital inputs, the states of these inputs during the event are displayed along with the
values of voltages and currents. State changes of digital inputs can also trigger an event recording

The device does not verify the user-defined event parameters. If these values are not plausible,
Q  events may be not recognized correctly or misclassified. In particular, the trigger threshold for
D RVC events should not be greater than half of the difference of the threshold values of voltage
swell and voltage dip.

Recordings

If any of the above events occurs, the device records both the half-cycle RMS values and the samples of
all voltage and current channels. The event recording times can be configured using the menu Settings |
Power quality | Event recording:

Possible recording times

RMS(1/2): Pretrigger recording <1.0s
RMS(1/2): Event recording (max.) 180.000 <180.0s
Samples: Pretrigger recording <1.0s

Samples: Event recording <5.0s

Note: The event recording time “RMS(1/2): After triggering” is a maximum recording time. It is reduced to the real
event duration + 1s, if the event duration is shorter than the configured time.

Recorded PQ events can be visualized either via the local display or the webpage of the device.
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Mains signalling voltage

The device monitors mains signalling voltages, which are transmitted in the supply system for load control
purposes, and records them as events. Typically these are ripple control signals. The user can define the
frequency of the signalling voltage, the threshold and hysteresis (related to the nominal voltage) as well
as the recording duration in multiples of the measurement interval of 10/12 cycles. The recording duration
must not exceed 120s. The ripple control frequency is typically below 3 kHz and can be requested from

the local energy provider.
Reference channel
Ripple control frequency
Trigger threshold

Trigger hysteresis

Rec. duration (10/12 cycles)
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7.6.2 PQ statistic

Power quality (PQ) is assessed by a comparison between the PQ parameters measured by the device
and the limits of a contract agreed upon. The assessment period is usually at least one week to take into
account possible variations between weekdays and weekends.

Via its website the device can perform an assessment of the measured PQ parameters in accordance
with the following standards:

o EN 50160 (2010), low voltage, interconnected systems

o EN 50160 (2010), low voltage, island systems

o EN 50160 (2010), medium voltage, interconnected systems

e EN 50160 (2010), medium voltage, island systems

o EN 50160 (2010), high voltage, interconnected systems

o EN 50160 (2010), high voltage, island systems

e |EC 61000-2-2 (2002), public low voltage systems

e |EC 61000-2-4 (2002), industrial and non-public systems up to 35 kV, class 1
e |EC 61000-2-4 (2002), industrial and non-public systems up to 35 kV, class 2
e |EC 61000-2-4 (2002), industrial and non-public systems up to 35 kV, class 3
e |EC 61000-2-12 (2003), public medium voltage systems

e GB/T

e |EEE 519

e User specific limit sets

The assessment of the PQ statistic is shown in the chapter Data recording | PQ statistic, including the
creation of conformity reports.

Recorded PQ parameter groups

Measurement Averaging time Applied limits
Power frequency 10s
Volt tud 10mi The applied limits and time conditions of the

oftage magnitude min. preset standards can be seen via the device
Flicker Pst 10 min. website.
Flicker Pyt 2h They can be displayed via the following menu:
Mains signalling voltage 3s Settings
Supply voltage unbalance 10 min. | Power Quality
THDS of voltages 10 min. | Custom threshold limits

| (Standard)
Voltage harmonics 10 min.
Voltage interharmonics 10 min. E Within the same menu user data sets with
- - specific limits and evaluation criteria can be
Current magnitude 10 min. defined
Current unbalance 10 min. m
X - User specific data sets can also be deleted

Current harmonics 10 min. again
Current interharmonics 10 min.
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7.6.3 Provision of PQ data

The device can create PQ related data, such as PQ events or PQ statistic, using the standard format
PQDIF (Power Quality Data Interchange Format). The automatic or event-driven generation of such files
can be defined via the Data export scheduler in the Settings menu. By default, daily PQDIF will be created
periodically after midnight for the past day and provided in a hierarchical time structure (year, month, day)

for download.

PQDIF files may also be generated manually via web interface. This may be done either for the present
day (including data since midnight) or contiguous, selectable time ranges of up to 7 days. The file(s) is
added in the time structure of the end day. Days with existing files are marked with a red dot.

> Service > Local data storage > Generate PQDIF

Simulation Generate PQDIF

Min/max values reset Download data We Th

4
Meter contents set/reset

11
Logger values reset
18

Operating hours
25
Device information
Local data storage

Factory reset

Audit Log

Firmware update

Communication Tests

Device reboot

= P(Q data generation done

March ~ 2021

Fr

5

12

19

26

= Found 10 events on Wed Mar 24 2021

= Event 'Voltage dip' at 2021-03-24T13:45:23.549+01:00
= Event 'Voltage dip' at 2021-03-24713:48:16.953+01:00
= Event 'Voltage dip' at 2021-03-24T13:48:53.748+01:00
= Event 'Voltage dip' at 2021-03-24713:50:05.536+01:00
= Event 'Voltage dip' at 2021-03-24T13:51:05.008+01:00
= Event 'Voltage dip' at 2021-03-24T13:51:44.569+01:00
= Event 'Voltage dip' at 2021-03-24713:54:33.099+01:00
= Event 'Voltage dip' at 2021-03-24T14:01:54.240+01:00
= Event 'Voltage dip' at 2021-03-24714:07:14.922+01:00
= Event 'Voltage dip' at 2021-03-24T14:08:48.014+01:00
= PQ data stored in file 'PQ1000-1216324003_20210324.pqd'

Generate PQDIF

If for the selected time range PQDIF files are already stored in the device the below warning will be

displayed.

Replace existing PQ data? X

Yes Mo

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK

48/100



7.7 Alarming
The device supports an alarming concept independent of power quality events. Depending on the user
requirements, simple or more advanced monitoring tasks may be realized. The most important objects are
limit values on base quantities, monitoring functions and the summary alarm.

7.7.1 Limit values on base quantities

Limit value 1

2016:06-20 17:52 Using limit values either the exceeding of a given

value (upper limit) or the fall below a given value
(lower limit) is monitored.

Limits values are defined by means of two

LImiioe N parameters: Limit for ON / OFF. The hysteresis

il B corresponds to the difference between these two
values.

Event text Low voltage UTN Both state transitions OFF—ON and ON—OFF can
be recorded as event or alarm in the appropriate

List entry lists.

v

Upper limit: Limit for ON = Limit for OFF

» The limit value becomes active (1) as soon as
the limit for ON state is exceeded. It remains
active until the associated measured quantity
falls below the limit for OFF state again.

Limit for ON

Limit_f(lr E)F_F_ _

» The limit value is inactive (0) if either the limit for
ON is not yet reached or if, following the
activation of the limit value, the associated

Limit state 0 measured quantity falls below the limit for OFF

state again.

Lower limit: Limit for ON < Limit for OFF

» The limit value becomes active (1) as soon as
the associated measured quantity falls below the
limit for ON state. It remains active until the
associated measured quantity exceeds the limit
for OFF state again.

Limit for ON

Limit for OFF

» The limit value is inactive (0) if either the

1 associated measured quantity is higher than the
limit for ON state or if, following the activation of
the limit value, it exceeds the limit for OFF state
again.

Limit state 0

Q If the limit for ON state and the limit for OFF state are configured to the same value,
D the limit value will be treated as an upper limit value without hysteresis.

Limit value states can:
... be used as logic input for a monitoring function
... be recorded as event or alarm in the appropriate lists on each state transition
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7.7.2 Monitoring functions

By means of monitoring functions the user can define an extended condition monitoring, e.g. for triggering
an over-current alarm, if one of the phase currents exceeds a certain limit value.

The states of all monitoring functions
...will be shown in the alarm list (“Events” via main menu)

...build the summary alarm state

Monitoring function 1 2015-10-19 11-08

Limit state 1
Limit state 2

Limit state 3

DIRECT

- o
e e

Logic inputs
Up to three states of limit values, logic inputs or other monitoring functions. Unused inputs will
automatically be initialized in a way that they do not influence the output.

Logic function

For the logical combination of the inputs the function AND, NAND, OR, NOR, DIRECT and INVERT are
available. These logical functions are described in Appendix C.

Delay time on
The time a condition must be present until it is forwarded

Delay time off
Time to be waited until a condition, which is no longer present, will be released again

Description
This text will be used for visualization in the alarm list

List entry
e Alarm / event. Each state transition will be recorded in the appropriate list

e none: No recording of state transitions

Possible follow-up actions
o Visualization of the present state in the alarms overview
e Combining the states of all monitoring functions to create a summary alarm

e Recording of state transitions as alarm or event in the appropriate lists
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7.7.3 Summary alarm

The summary alarm combines the states of all monitoring functions MFx to a superior alarm-state of the
overall unit. For each monitoring function you may select if it is used for building the summary alarm state.
If at least one of the used functions is in the alarm state, the summary alarm is also in the alarm state.

MF1
MF2
MF3

MF4 :
MF5 ————— 2 1 — >S5
MF6 ———— > (( 4 ))
——P R

Alarming on display

MF7
MF8

Acknowledgment

Alarm display (« 4 )
The symbol arranged in the status bar signals if there are active alarms or not.

Acknowledgment: By acknowledging the summary alarm, the user confirms that he has recognized that
an alarm state is present. The acknowledgment is done automatically as soon as the user selects the
alarm list to be displayed locally or via web browser or if the alarm state no longer exists. By
acknowledging only the flashing of the alarm symbol stops, the symbol itself remains statically displayed
until none of the monitoring functions is in the alarm state.

Alarm state display (via menu Events | Alarms)

Alarms A% a

11.02.2020 11:21

Voltage sag (¢ 4 )

This display serves to identify the source of the
Overcurrent phase 2 summary alarm.

Frequency low

Imbalance high

v
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7.8 Data recordings

The device stores long-term recordings of measurement progressions, events and PQ statistics. Some of

these recordings provide predefined contents; some is based on user-defined contents.

In addition, file-based information may be periodically created using the data export scheduler. This data

may be saved internally and / or send securely to a SFTP server.

In general, recordings are done in endless mode. The oldest data will be deleted, as soon as the

associated memory is used for more than 80%.

o Periodic meter readings, predefined (4) and user-
specific (12) quantities

Energy

Group Data type Request
e Mean-values versus time, predefined (5) and user-
o e Mean value
. specific (12) quantities
Periodic data logger

Meter logger

In form of a logbook with time information:

e Event list: Every state transition of monitoring
Events functions or limit values, classified as event

o Alarm list: Every state transition of monitoring
functions or limit values, classified as alarm

Event and alarm
list

The occurrence of PQ events will be registered in the
PQ event list. By selecting the entries for voltage
events:

PQ events « the course of the RMS values of all U/I
o the wave shape of all U/I
during the disturbance will be displayed

PQ events and
Mains Signalling

owonis’ | + Securly log (SYSLOG)

Log of the
security system

For a selectable weekly interval, the evaluation of the
PQ statistic is displayed, depending on the selected
standard.

PQ statistic In addition, daily trends of the monitored PQ variables
can be displayed.

By means of PQ-Easy Report, conformity reports can be
created directly via website.

7.8.1 Periodic data

Configuration of the periodic data recording
Via the settings menu the user can individually configure:

¢ The averaging interval of the standard mean-values P(I+IV), P(lI+Il), Q(I1+I1), Q (IlI+IV), S

e The averaging interval of up to 12 user-defined mean-values

¢ The reading interval of standard meters P(1+1V), P(lI+IIl), Q(I+11), Q (Il1+1V)

e The reading interval of up to 12 user-defined meters

The recording of all mean-values and meters is started automatically on device start. The recording of the

mean-values is done when the appropriate averaging interval expires.
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Displaying the chronology of the mean values

The chronology of the mean values is available via the menu Energy and is divided in two groups:

¢ Pre-defined power mean values

e User-defined mean values

> Energy > Mean value logger

Mean-values
Mean value logger

Bimetal current

Selection of the mean values group

> Mean value logger

Log. P (+IV) Log. P (1IN Log. Q (Il+V)

£ 3 D

> s Today

=13062016 =14062016
P mean (1+1V) [kW]

Meter contents Mean value logger

Meter logger User mean logger

100 kW

> Mean value logger

Log. P (V) Log P (il

£ 3 D

<> 1462016 Today

=13.06.2016 =14.06.2016
P mean (1+1v) [kw]

100 KW}
810 K9 +56.7 ko +176.2 k|
2.8 ke, +58.4 0, 1328 o

The selection of the mean-value quantity to
display can be performed via choosing the
corresponding register. Three different kind of
displays are supported:

e Daily profile: Hourly mean-values will be
shown, independently of the real averaging
time

o Weekly profile

¢ Table: Listing of all acquired mean-values in
the sequence of the real averaging interval

The graphical representation allows comparing
directly the values of the previous day or week.

By selecting the bars you may read the
associated values:

e Mean-value
e Min. RMS value within the interval

e Max. RMS value within the interval

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK 53/100



> Mean value logger > Mean value logger

Log P (V) Log. P (V)

(e e
<> g Tk <> [z T

06062016 12062016 = 6-19.062016 #06.06 12062016 = 13.06.2016 - 19.06.2016
P mean (141V) [k P mean (1) (kW]

Weekly display Weekly display: Reading

> Mean value logger

409 K0 144
516 184 150 700

Log. P (V) Log. P (k1)

(e T 2 [ ] 4 [wo) et B
O NN T

1 14062016143300000 TaES KW s 004z K
2 18062016,143200000 9365 kW e 2597
310620061431 00000 8642 KW Tea 0469
4 1a06201614:000000 BOTT KW e wese kw
5 14062016142900000 B2 KW mo ma
6 14062016,142800000 808G KW B net
T OM062006142700000 8196 KW o 10847 kw0
8 18062016,142600000 BOSE kW 05w w25t ww
9 14062016.142500000 BBE KW LI e

Mean values in table format

Displaying the chronology of meter contents

The chronology of meters is available via the menu Energy and is divided in two groups:
¢ Pre-defined meters
¢ User-defined meters

From the difference of two successive meter readings the energy consumption for the dedicated time
range can be determined.

> Energy > Meter logger

Meter contents Std. meter log.

Meter logger

User meter log.

Mean-values

Mean value logger

Bimetal current

Selection of the meter logger group
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> Std. meter log

Log. TP(I+1V) Log. TR(Il+IiT) Log. 3Q(1+11) Log. 3Q(III+IV)

(-Previous| 1 | 2 | 3 | 4 | 5 |Nextx) Results per page |25

I I e I X
1 kWh

15.06.2016, 14:00:00.000 0 3327680 kwh
15.06.2016, 13:00:00.000 kwh 3320310 kwh
15.06.2016, 12:00:00.000 kWh 3313740 kwWh
15.06.2016, 11:00:00.000 kWh 3306910 kWh
15.06.2016, 10:00:00.000 kwh 32996 kWh
15.06.2016, 09:00:00.000 kWh 3291970 kwh
15.06.2016, 08:00:00.000 kWh 3284990 kwh
15.06.2016, 07:00:00.000 kwh 32784  kwh
15.06.2016, 06:00:00.000 kWh 3273530 kwh

15.06.2016, 05:00-:00.000 kwh 3271910 kwh

11 1506 2016 04-00-00 OND 0 kwh 3768710 kwh

Meter content readings in table form

Displaying data locally

The selection works in the same way as with the WEB-GUI. There are the following differences:
¢ The individual measured quantities are arranged in a display matrix and can be selected via navigation.
e The number of displayable meter readings is limited to 25

e The time range of the mean values is limited to the present day or the present week. There is no
possibility for navigation.

Manual data export as CSV file

Download data x
Time domain
July g 2020 Via B in the display of the mean values or meter
Mo T T logger the time range of the data to export can be

: selected. A CSV (Comma separated value) file will be

generated. This can be imported as a text file to Excel,
with comma as a separator.

L]

The same file contains data for all quantities of the
respective group.

Download Cancel

7.8.2 Events
Configuration of events

e For all monitoring functions and limit values for which state transitions need to be recorded, the
parameter “list entry” must be set to either events or alarms.

¢ Threshold values for PQ events can be adapted via the menu Settings | Power Quality

Displaying of event entries

Event lists are a kind of logbook. The occurrence of monitored events is recorded in the appropriate list
with the time of its occurrence. There are the following lists:

e Alarm and event list
¢ PQ events (see 7.8.4)
e Security log (via service menu)
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> Events

PQ events

Alarms

Event and alarm list

> Event and alarm list

Event list Alarm list

[I<| < |1| 2 | 3 | 4 | 5 | > |+5>>] Results per page

e | = | = | e
1

25.11.2019, 18:30:36,097

2 25.11.2019, 18:16:27,154
3 25.11.2019, 18:16:03,609
4 25.11.2019, 17:46:56,066
] 21.11.2019, 14:15:16,453
6 21.11.2019, 14:15:09,055
7 2111 2010 1407-AN 310

Example of an event list

Displaying data locally

The selection works in principle in the same way as with the WEB-GUI.

¢ The number of displayable events is limited to 25

7.8.3 PQevents
Configuration of the events to record
See 7.6

Display of PQ event recordings (locally)

UTN high
UTN high
UTN high
UTN high
UTN high
UTN high

1IN hinh

)

There is the following difference:

Recorded events are available in the form of a logbook, mains signalling events are stored in a separated
list. Each detected event is entered into the PQ event list with the time of its occurrence, the remaining
voltage and the duration of the event. By selecting a list entry, the graphical display of the measured
values during this event is entered. The following presentations are available:

¢ Half cycle RMS curves of all voltages, all currents, all voltages and currents

e Wave shapes of all voltages, all currents, all voltages and currents

¢ State changes of digital inputs (for device versions with optional digital inputs only)
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21.11.2019, U3: Voltage dip
11:15:28,044 180.30V 12.229s

21.11.2019, U3: Voltage dip
11:08:09,142  180.34V 5113s

?1'11 2019 U2: Voltaae dio

ESC

W U3N W U3N
mu2 muz3 mu3al
um
3001 2017 163415261612 30,01 2017 16:3418.261612

0 0EIS 16 2505 3340 4175 5010 5845 6680 107 64140 71780 71580 64440 107.300 150160

] : ]
Samples
01.02.2017 1620 01.02.2017_16:21

i3 N i3 mIN

30,01 2017 163415261612 30.01.2017 1634 15.261612

0 DS 16T 2505 3340 4175 5010 SRS 6680 107 64140 71780 71580 64440 107300 150160

mu2 |u23 mu3l

um
30,01 2017 163415261612

[

]

0 DEIS 167 2505 3340 4175 5010 5845 6680

Display matrix on the local display

Restriction of the quantities to display on the local display

The user can adapt the displayed information to its needs. Once the graphic is displayed, the setting
window for the selection of the quantities to be displayed is entered by pressing <OK>.

Voltage display Current display Mixed display

Display of PQ events (WEB-GUI)
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As with the local GUI, recorded events are available in the form of a logbook. Events may be filtered by
event type and event date.

By selecting a list entry, the graphical display of the measured values during this event is entered.

[ 20.06.2021 — 20.07.2021 | Latest events

Filer 8
Voltage swell | Voltage dip Rapid volage change Frequency anomaly

Digital input on Digital input off

(S ==

20.07.2021 Residual voltage: 120.007 V
09:50:42,952 Depth: 109.993 V

250.356 Vottage dip uz,u3

16.07.2021 Residual voltage: 0.0351982V
092838570 1.640 Voltage dip U1, u2,u3 Depth: 226,965 v

16.07.2021 . Residual voltage: 159.69 V
00:24:11238 wi BRI i Depth: 70,3095 V

1407 2021 S B - Resicual voltane: 39 A505

List of PQ events

s 7 B

Trigger channel: U1 Event type: Voltage dip

Duration [s]: 0.050

B UIN U2N B U3N

280 —

20.07.2020 11.55.26,526135

20.07.2030 11:55:26,526135

126 A= -
A~ e gy Focens | ainssignaling
= T S e

Trigger channel: U1 Event type: Voltage dip  Duration [s}: 0.050

UIN U2N U3N reset zoom
280

268

Graphical display of a PQ event 240

s asescenseess
220 ,_kﬂ!,/r/'
200

—e—y

180

20.07.2020 11:55:26,526135
168

By selecting a time range via left

mouse key, the graphical event
display may be zoomed.

20.07.2020 11:55:26,526135

12 ms 68 ms

Zoomed PQ event
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7.8.4 PQ statistic
From the PQ statistic it is very easy to see whether the limits of the monitored criteria are respected or
not. Each criterion is represented by a bar, which itself may be composed of multiple color components:
I  Requirement fulfilled

Missing data
I Requirement not fulfilled

Example for monitoring voltage variations:

UiN

UzZN

U3N

t 0% 92.5% 95% 97 5% 100%
e Limit to be respected is marked with a red line (95% of the time range)
¢ U1N: Requirement fulfilled, because green bar > 95%
e U2N: Requirement not fulfilled, because green bar < 95%

¢ U3N: Requirement fulfilled, because green bar > 95%

Display of PQ statistic (WEB-GUI)
Selection via the menu PQ statistic

>PQ statistic

oo st et | oy s s
Interharmonics |

<P [09.07.2018 0:00h- 16.07.2018 0:00H | Vesterday Standard [ENS0T60 v

Frequency

The PQ statistic is shown
for a time range of one
week. The end of the time
range can be selected.
The time range always
starts and ends at 00:00h.

Long-term Flicker Pi

PstIN
PstzN
PstaN

t 50.0% 92.5% 95.0% 97.5% 100.0%

In the overview you can
directly select the
standard to be used for
assessment.

Mains Signalling Voltage
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Display of PQ statistic (locally)

Selection via Main menu | PQ statistic
e0%

Main menu
12.12.2019 17:39

T Phasor diagram

| Waveform

Elaky

12.12.2019 17:37

‘ Events

Z Service

The PQ statistic is always displayed for the past
seven days. Another time range cannot be
selected.

The standard to be used for the assessment of the
statistic can be changed by selecting the entry
“Standard”.

Display of PQ statistic details

For the recorded PQ quantities details can be displayed on a daily basis. On the local display this feature
is limited to the past day.

Frequency Daily statistic U Harmonics U Interharmonics U Daily statistic | Harmonics | Interharmonics |

Distribution Voltage Harmonics U1x Interharmonics U1x Current Harmonics 11 Interharmonics 11

Daily statistic Flicker Pst Harmonics U2x Interharmonics U2x Imbalance | Harmonics 12 Interharmonics 12

Flicker Pt Harmonics U3x Interharmonics U3x TDD | Harmonics I3 Interharmonics 13

Imbalance U
THD U
<> (1222018 Yesterday Standard [ EN50160 LV v <> (06052019 Yesterday Standard | EN50160 LV v
= 12022018 @UIN N @UsN
Distribution

Y e D YNV

495 9.6 497 498 499 50 501 50.2 50. 504

Statistical distribution of 10-s frequency values 7 Course of 10-min voltage values
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Creating a conformity report via the device website — PQ-Easy Report

Via &l a conformity report in PDF format can be created.
> PQ statistic

é

PQ-EASY

<P |05.07.20180:00h- 16.07.2018 0:001 | Yesterday Standard | EN50160 v .
[ v
Frequency

G ]

t 99.0% 99.3% 99.5% 99.8% 100.0%

Voltage
UIN
uzN
P
Generate PQ Report .
) ,p 1. Select assessment period: At least 1 week
Please specify a period, a standard and a coverage
2. Select standard for which conformity needs to be
Measuringperiod  [Tpg122019 |- (11322019 ] proven
—Xx Standard [ Enso160 v]
E’:‘ (W v 3. Select content of report (3 levels)
Content i i v .
sz:ent [ :’““ﬁ:‘i:::i"z ] 4. Enter a comment, which needs to be shown on
easure|
- the first page of the report
< 5. Start report generation...
Start Cancel
AcauEsER  EE— 20w
> PQ statistic
Generate PQ Report x | During report generation a progress bar is shown at
Please wait.. the upper side of the screen. The duration of the
report generation depends on the selected content,
Ez © gﬁ::.ew the assessment period and the number of recorded
—— Details PQ events.
Events
Cancel
|
Generate PQ Report x
Report sucoessiuly crested. The generated report can be downloaded.
—X
=% Depending on the browser and its settings, you can either
— choose where to save the file or the report will be saved in
o the default download directory.
ownload Cancel
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Example of a conformity report
a) Overview

o Acunissm 0w A s é

PQ-EASY

b) Details

Y CAMILLE BAUER 7. 5810 Wohiea A CAMILLE BAUER

q
- - - e Acane e
. e e ]
L L = = e Ao suer
- = e =
o o - [T P N ISP A O —
L B P |
c) Events s -

Acunizse
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7.9 Measurement information in file format
Using the data export scheduler taks can be managed to provide measurement information in file form.
Files can be generated periodically or event-driven and stored locally in the device and/or sent to an
SFTP server.

The creation, management and customization of tasks for providing files is done via the settings menu
using the item Data export | Data export scheduler.

7.9.1 Predefined tasks

The data export scheduler contains three predefined tasks for providing measurement data in PQDIF or
CSV file format. For better readability all tasks are activated in the below image, in the factory settings the
task “Periodic PQIS” is deactivated.

Add task

These tasks may be activated, deactivated and changed, but not deleted. Local storage and push to
SFTP server are possible actions to be defined. If a task needs to be modified, this can easily be done by
selecting the appropriate line.

Periodic PQDIF

This task is executed periodically shortly after midnight and saves the file (s) in a hierarchical time
structure (year, month, day). The task can be adjusted by selecting the entry. You can choose whether
the information should be contained in one file or in up to three files (statistics, histograms, events). The
time period can be either one day or seven days, and generation can be daily or weekly. The factory
setting is the daily generation of up to 3 files, each for the previous day.

x

Edit task

Name

File
O e r—"

Creation

daily (last 7 days)

| ok || cancel

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK 63/100



PQ Events
If this task is activated, a PQDIF file with event data is created as soon as a PQ event has ended.
Typically, this file is then sent to an SFTP server.

*®

Edit task

Mame

File format

Creation

active
Action
- ’ push to SFTP server v]

subfolder [ MOB-HC_62.46/PQDIF/Events ]

.l store tempaorarily on local Stor v]

Ok Cancel

Periodic PQIS

If this task is activated, the device periodically creates, at the end of each day, CSV files with all
information about the power quality, possibly occurred events during the day and the determined load
profiles per Current Module. These files can be downloaded compressed in a ZIP file for a selectable time
period. They are structured and formatted in a way that they can be read directly into the PQIS® software
and evaluated there. The following files are generated:

¢ 10 minutes mean-values for PQ assessment

2 hours flicker values for PQ assessment

Mean-values (configurable interval) of power quantities
PQ event list

Data for each PQ event:

- Half-cycle values of voltages and currents

- Waveform (samples) of voltages and currents
Signalling voltage event list

Half-cycle voltages for all signalling voltage events
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7.9.2 Creating periodic file data

In addition to the predefined tasks new tasks can be setup for creating data files with a specific content at
regular intervals. These files may then be stored locally and / or pushed to a SFTP server.

By selecting “Add task” new schedules can be set-up. An example is shown below:

x

Add task

Name The new task “24h_PowerMeans”

| 24n_Powerieans ] will generate daily CSV files

File containing standard mean-values

[Tcsv ~] [ meanvalues v| for the past 24 hours.

Creation The files will be both stored

[ e v] locally and pushed to the

S subfolder PowerMeans of a SFTP
server. The settings of the SFTP

server to be used can be defined

Lelix via Communication | SFTP in the

Settings menu.

Action

The transmission window
- | store on local storage v selected here causes a random
transmission of the file to the

push to SFTP server w s

- [ ] SFTP server within one hour
subfolder [ PowerMeans ] since creation.
Ok Cancel

The task list then shows four active tasks. Predefined tasks are marked gray to highlight that they can be
deactivated but not removed. On the other hand, at any time the newly created task “24h_PowerMeans”
can be fully modified, deactivated or deleted.

Add task

+ store on local
Storage

* push to SFTP
SEerver

daily (last 24
hours)

24_h_PowerMeans [CsV] mean values

Via the settings of the local display only the activation / deactivation of the tasks is supported.

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK 65/100



CSV settings

CSV files are intended for transmitting statistics of mean values. You may adjust the below parameters to
adapt the file format and the content of the created files to your requirements.

Separator Semicolon
Decimal separator Dot

Time format Local time +AB
include min/max values

Scaled to... Nominal values

Digits after decimal point

o The Separator separates the individual entries on a text line for later display in table form.

¢ The Decimal separator defines how numbers or measured values are written to the file. The decimal
separator must correspond to the country-specific number format of the operating system so that the
CSV file can be opened directly in Excel without an import process. Common separators are periods
(123.45) or commas (123.45).

¢ Time format defines the time format to be written. With the “local time + AB” time format, the double
entries between 2 and 3 AM are supplemented with the letters A and B when switching back from
daylight saving time.

¢ Include min/max values defines whether mean values with / without minimum and maximum values
are written to the CSV file.

o Scaled to specifies whether the numerical value is based on the basic unit (e.g. 1087.65W) or on the
units specified according to the nominal values (e.g. 1.0876kW), which are also used in the web
interface.

o Digits after decimal point defines the number of digits after the decimal separator with which the
numbers are written to the file.

7.9.3 Accessing file information via webpage
You can access files stored in the device using the service menu Local data storage | Download data.
Depending on the tasks defined in the data export scheduler the available file structure may be different:

e csv: container for all CSV files to be locally stored
¢ pqdif: container for all PQDIF files to be locally stored
The structure is displayed in a new tab.

> Service > Local data storage > Download data
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All files are stored in a hierarchical time structure (year, month, day). By selecting the desired date and
double-clicking on the appropriate file, it can easily be downloaded.

> Service > Local data storage > Download data

< |claliss

B PQ5000-1197660001_20210211_Events 12.02.2021,01:12:22 222 MB m
B PQ5000-1197660001_20210211_Histograms 12.02.2021, 01:12:59 45.64 kB m
B PQ5000-1197660001_20210211_Statistics 12.02.2021, 01:12:57 953.04 kB m

7.9.4 Download of PQIS files
The files stored in the device can be downloaded and then transferred to the PQIS software.

x

Select time range to download

Survey [ 06.10.2023 10:05:46 - 09.10.2023 08-45:52 v_]

Mean values
PQ events

main signalling events

| Download | | Cancel |

By selecting a measurement campaign, all information for the entire measurement period can be
downloaded to the local computer as a compressed ZIP file. The start and end times are automatically
set, but can be changed. If desired, data files for mains signaling voltage events may be omitted, as they
do not represent a power quality issue.
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7.9.5 Periodical sending to a SFTP Server
If in the data export scheduler the sending to an SFTP server was selected as action, the appropriate files
will be sent periodically to the SFTP server defined in the settings of the communication.

Host tenserv.camillebauer.intra

Port

Username sftpuser

Password

Base directory

Only connect to trusted host

Legacy host key algorithms None

None

SSH-DSS
SSH-RSA, SSH-DSS

For improving security, you may select that the device connects to trusted hosts only. When activating this
setting the host must be present and sends a public key back to the device. If you accept this key the
associated host will be added to the list of trusted servers.

»

If you trust this host, press Yes to add its host
key to a cache

Algorithm:ssh-rsa
SHAZ56:NMMAZ2Ux T akvl JrlijFZ0kofMUNoONYDUNWyeDTKZSM
MD5:b7:d6:c7:9c:37-ab:cT 61 6d:e5:90:57:01:b6:Bf6b

Yes No

In the presently used OpenSSH version legacy algorithms are not enabled by default, as these older
algorithms have been found to be weak. But they can be enabled, if the used SFTP server does only
support these algorithms. In the Communication tests in the service menu various settings can be tested
to find the one supported by the SFTP server.
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7.9.6 Evaluation of the PQDIF files

For the analysis of the data of the PQDIF files a free tool with limited functionality, such as the
PQDiffractor from Electrotek Concepts (http://www.pgview.com/pqdiffractor/; registration required), or any
other software (e.g. Dranview-7) supporting the PQDIF format can be used.

Voltage dip - 2022-07-14 15:43:27.9313
—— — —
RMS AN VOLTS RMS BN VOLTS RMS CN VOLTS

=

240

235

230

225

220

215+

210+

205

| | | | | | | | | | | | | |
I | I I I
-1.0 -0.5 0.0 0.5 1.0

Time (s)

Representation of a voltage dip using PQDiffractor

7.10 Display timeouts
Devices with display are designed for displaying measurements. So, any other procedure will be
terminated after a certain time without user interaction and the last active measurement image will be
shown again.

Menu timeout

A menu timeout takes effect after 2 min. without changing the present menu selection. It doesn’t matter if
the currently displayed menu is the main menu or a sub-menu: The menu is closed and the last active
measurement image is displayed again.

Configuration timeout

After 5 min. without interaction in a parameter selection or during entering a value in the settings menu,
the active configuration step is closed and the associated parameter remains unchanged. The next step
depends on what you have done before:

o If the user did not change configuration parameters before the aborted step, the main menu will be
displayed and the device starts to monitor a possible menu timeout.

o If the user changed configuration parameters before the aborted step, the query “Store configuration
changes?” is shown. If the user does not answer this query within 2 min. this dialogue is closed: The
changed configuration will be stored and activated and then the last active measurement image is
displayed again.

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK 69/100


http://www.pqview.com/pqdiffractor/

8.1

8.2

8.3

8.4

Service, maintenance and disposal

Calibration and new adjustment

Each device is adjusted and checked before delivery. The condition as supplied to the customer is
measured and stored in electronic form.

The uncertainty of measurement devices may be altered during normal operation if, for example, the
specified ambient conditions are not met. If desired, in our factory a calibration can be performed,
including a new adjustment if necessary, to assure the accuracy of the device.

Cleaning
The display and the operating keys should be cleaned in regular intervals. Use a dry or slightly moist cloth
for this.

Damage due to detergents
Detergents may not only affect the clearness of the display but also can damage the

device. Therefore, do not use detergents.

Battery

The device contains a battery for buffering the internal clock. It cannot be changed by the user. The
replacement can be done at the factory only.

If the UPS option is implemented, the associated battery pack needs to be exchanged regularly. For more
information see chapter 5.9.

Disposal
The product must be disposed in compliance with local regulations. This particularly applies to the built-in
battery.
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9. Technical data

Inputs

Current

e 3V 50/60 Hz

e 5A 50/60 Hz
Nominal current:
Measurement cat.:
Consumption:
Overload capacity:

Nominal voltage:
Measurement max.:
Measurement category:
Consumption:
Impedance:

Overload capacity:

Systems:

Nominal frequency:
Sampling rate:

Internal data memory:

(hardware versions: 3 V or 5 A)
max. 6.0 V (sinusoidal)

adjustable 1...5 A; max. 7.5 A (sinusoidal)
300V CAT 1l

<12x 0.01 Q per phase

10 A continuous; 100 A, 5 x 1 s, interval 300 s

57.7...400 Vin (UL: 347V1nN), 100...693 Vi (UL: 600VLL);
520 Vin, 900 VL (sinusoidal)

600V CAT 1l

< U2/ 1.54 MQ per phase

1.54 MQ per phase

continuous: 520 Vin, 900 ViL

10 x 1 s, interval 10s: 800 Vin,1386 VL
Single phase

Split phase (2-phase system)

3-wire, balanced load

3-wire, unbalanced load

3-wire, unbalanced load, Aron connection
4-wire, unbalanced load

42...50...58Hz or 50.5...60...69.5Hz, configurable
18 kHz
32GB

Measurement uncertainty

Reference conditions:

Voltage, current:
Neutral current:
Power:

Power factor:
Frequency:
Imbalance U, [:
Harmonics:
THD U, I

Active energy:
Reactive energy:

Acc. IEC/EN 60688, ambient 15...30°C,

sinusoidal input signals (form factor 1.1107), no fixed frequency for sampling,
measurement time 200ms (10 cycles at 50Hz, 12 cycles at 60Hz)
+0.1% 12

+0.2% Y (if calculated)

+0.2% 12

+0.2°

+0.01 Hz

+ 0.5%

£ 0.5%

+ 0.5%

Class 0.2S, EN 62053-22

Class 0.5S, EN 62053-24

Measurement with fixed system frequency:

General:
Imbalance U:
Harmonics:
THD, TDD:

+ Basic uncertainty x (Fconfig—Factual) [HZ] x 10
+2% upto+0.5Hz

+ 2% upto+0.5Hz

+3.0% uptox0.5Hz

) Related to the nominal value of the basic quantity

2) Additional uncertainty if neutral wire not connected (3-wire connections)
* Voltage, power: 0.1% of measured value; load factor: 0.1°
» Energy: Voltage influence x 2, angle influence x 2
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Power Quality
Type of device: (IEC 62586-1) PQI-A FI1: Power Quality Instrument — Class A, Fixed installation;
Indoor environment with uncontrolled temperature variations (1)

Measurement cycle: 200 ms (50Hz: 10 cycles; 60Hz: 12 cycles)

Flagging concept: Multiphase approach in accordance with IEC 61000-4-30

Certification: According to IEC62586-2 (standard for verifying compliance with IEC 61000-4-30)
Certification body:  Federal Institute of Metrology METAS, an independent and accredited laboratory

Conformity assessment against IEC 62586-2:2017

Clause | PQ parameter Compliance Compliance
120 V- 60 Hz 230 V-50 Hz

6.1 Power frequency Yes Yes

6.2 Magnitude of the supply voltage Yes Yes

6.3 Flicker Yes (class F1) Yes (class F1)

6.4 Supply voltage interruptions, dips and swells Yes Yes

6.5 Supply voltage unbalance Yes Yes

6.6 Voltage harmonics Yes Yes

6.7 Voltage interharmonics Yes Yes

6.8 Mains signalling voltage of the supply voltage Yes Yes

6.9 Measurement of underdeviation / overdeviation parameters Yes Yes

6.10 Flagging Yes Yes

6.11 Clock uncertainty testing Yes Yes

6.12 Variations due to external influence quantities Yes Yes

6.13 Rapid voltage changes (RVC) Yes Yes

6.14 Magnitude of current Yes Yes

6.15 Harmonic current Yes Yes

6.16 Interharmonic currents Yes Yes

6.17 Current imbalance Yes Yes

Zero suppression, range limitations

The measurement of specific quantities is related to a pre-condition which must be fulfilled, that the
corresponding value can be determined and sent via interface or displayed. If this condition is not fulfilled,
a default value is used for the measurement.

Quantity Condition Default
Voltage Ux < 1% UxXnom 0.00
Current IX < 0,1% IXnom 0.00

PF Sx < 1% SXnom 1.00

QF, LF, tang Sx < 1% SXnom 0.00
Frequency voltage and/or current input too low Nominal frequency
Voltage unbalance Ux < 5% UXnom 0.00
Current unbalance mean value of phase currents < 5% Ixnom 0.00

Phase angle U at least one voltage Ux < 5% Uxnom 120°
Harmonics U, THD-U fundamental < 5% Uxnom 0.00

1) Specific levels depend on the device configuration
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Power supply
Nominal voltage:

Overvoltage category:

Consumption:

1/0 interface

Analog outputs
Linearization:
Range:
Uncertainty:
Burden:

Burden influence:
Residual ripple:
Response time:

Passive digital inputs

Nominal voltage:
Input current:
Logisch ZERO:
Logisch ONE:

Digital output
Load capacity:

Interface
Ethernet
Protocol:
Physics:
Mode:
IEC61850
Protocol:
Physics:
Mode:
Modbus/RTU
Protocol:
Physics:
Baud rate:

Number of participants:

Internal clock (RTC)
Uncertainty:
Synchronization:
Running reserve:

100...230V AC 50/60Hz / DC +15%
ovclil

Single rack: max. 40VA (depends on the device hardware used)
Double rack: max. 60VA (depends on the device hardware used)

Linear, kinked

1 20 mA (24 mA max.), bipolar
1+ 0.2% of 20 mA

<500 Q (max. 10 V/ 20 mA)
<0.2%

<0.4%

220...420 ms

via plug-in terminal

24 + 130V DC (130 V max.)
<5mA

-Bupto+5VDC

11 upto 130V DC

Relay

250 V AC, 2 A, 500 VA
30VDC,2A,60W

1 110 + 220 V DC (-15/+20%)
L <1mA

' Oupto12VDC

50 up to 264 V DC

via RJ45 sockets

Modbus/TCP, NTP, http, https, IPv4, IPv6
Ethernet 100BaseTX

10/100 Mbit/s, full/half duplex, auto-negotiation

via RJ45 sockets, 2 equivalent ports
IEC61850, NTP

Ethernet 100BaseTX

10/100 Mbit/s, full/half duplex, auto-negotiation
via plug-in terminal (A, B, C/X)

Modbus/RTU

RS-485, max. 1200m (4000 ft)

9'600, 19'200, 38'400, 57'600, 115'200 Baud
<32

1 2 minutes / month (15 up to 30°C)
none, via Ethernet (NTP protocol), GPS or IRIG-B
> 10 years

Uninterruptible power supply (UPS)

Type:

Nominal voltage:
Capacity:
Operating duration:
Life time:
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VARTA Easy Pack EZPAckL, UL listed MH16707
3.7V

1150 mAh min., 4.5 Wh

5 times 3 minutes

3 up to 5 years, depending on operating and ambient conditions
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Ambient conditions, general information

Operating temperature:

Storage temperature:

Temperature influence:
Long term drift:

Usage group:

Relative humidity:
Altitude:

* Device without UPS: —10 up to 15 up to 30 up to + 55°C
* Device with UPS: 0 up to_15 up to 30 up to + 35°C

(if used outside this operating temperature range, it is not ensured that the UPS battery pack is
recharged).

Base device: -25 up to + 70°C;

Battery pack UPS: -20...60°C (<1 month); -20°...45°C (< 3 months);
-20...30°C (< 1 year)

0.5 x measurement uncertainty per 10 K

0.5 x measurement uncertainty per year

Il (acc. EN 60 688)

< 95% no condensation

<2000 m max.

Device to be used indoor only!

Mechanical attributes
Housing material:
Flammability class:
Weight:

Dimensions:

Polycarbonate (Makrolon)

V-0 acc. UL94, non-dripping, free of halogen
4.2 kg (single rack), 5.0 kg (double rack)
Dimensional drawings

Vibration withstand (test according to DIN EN 60 068-2-6)

Acceleration:
Frequency range:
Number of cycles:
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Device with display: £ 0.25 g (operating); 1.20 g (storage)
10 ... 150 ... 10 Hz, rate of frequency sweep: 1 octave/minute
10 in each of the 3 axes
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Safety

Protection class: Il (protective insulation, voltage inputs via protective impedance)
Pollution degree: 2
Protection: Front: IP40;

Housing: IP30; IP20 (if version without router)
Terminals: 1P20

Rated voltage Power supply: 100...230V AC / DC
(versus earth): I/0’s: 130/ 220 V DC

¢ Device with 5A 50/60Hz current inputs

The current inputs are galvanically isolated from each other

Test voltages: Test time 60 s, acc. IEC/EN 61010-1 (2011)
« power supply versus inputs U 1), 3600V AC
» power supply versus inputs I 3000V AC
» power supply versus bus, 1/O’s: 3000V AC
* inputs U versus inputs [ 1800V AC
« inputs U versus bus, 1/0’s 1): 3600V AC
* inputs | versus bus, I/O’s: 3000V AC
* inputs | versus inputs I: 1500V AC

1) During type test only, with all protective impedances removed

¢ Device with 3V 50/60Hz current inputs

The connections | of the current inputs are internally connected

Test voltages: Test time 60 s, acc. IEC/EN 61010-1 (2011)
« power supply versus inputs U 1) 3600V AC
* power supply versus inputs I 3000V AC
» power supply versus bus, 1/O’s: 3000V AC
« inputs U versus inputs |, bus, 1/0’s 1): 3600V AC

1) During type test only, with all protective impedances removed

The device uses the principle of protective impedance for the voltage inputs to
ensure protection against electric shock. All circuits of the device are tested during
final inspection.

A Prior to performing high voltage or isolation tests involving the voltage inputs, all
output connections of the device, especially analog and digital outputs as well as
Modbus and Ethernet interface, must be removed. A possible high-voltage test
between input and output circuits must be limited to 500V DC, otherwise electronic
components can be damaged.

PM 1002618 000 01 Device handbook LINAX PQ5000-RACK 75/100



Applied regulations, standards and directives

IEC/EN 61010-1

IEC/EN 61000-4-30 Ed.3

IEC/EN 61000-4-7
IEC/EN 61000-4-15
IEEE 1159.3

IEC 62586-1 Ed.2
IEC 62586-2 Ed.2

EN50160
IEC/EN 60688

DIN 40 110

IEC/EN 60068-2-1/
-2/-3/-6/-27:

IEC/EN 60297-3-100

IEC/EN 60529
IEC/EN 61000-6-4
IEC/EN 61000-6-5

IEC/EN 62053-22
IEC/EN 62053-24
UL94

2011/65/EU (RoHS)

Safety regulations for electrical measuring, control and laboratory equipment

Power quality measurement methods

General guide on harmonics and interharmonics measurements

Flickermeter - Functional and design specifications

Recommended Practice for the Transfer of Power Quality Data

Power quality measurement in power supply systems — Power quality instruments (PQI)

Power quality measurement in power supply systems — Functional tests and uncertainty
requirements

Voltage characteristics of electricity supplied by public distribution systems

Electrical measuring transducers for converting AC electrical variables into analog or
digital signals

AC quantities
Ambient tests
-1 Cold, -2 Dry heat, -3 Damp heat, -6 Vibration, -27 Shock

Mechanical structures for electronic equipment - Dimensions of mechanical structures of
the 482,6 mm (19 in) series - Part 3-100: Basic dimensions of front panels, subracks,
chassis, racks and cabinets.

Protection type by enclosures
Electromagnetic compatibility (EMC): Emission standard for industrial environments

Electromagnetic compatibility (EMC): Immunity for equipment used in power station and
substation environment

Static meters for active energy (classes 0.2 Sand 0.5 S)
Static meters for reactive energy at fundamental frequency (classes 0.5 S, 1 S and 1)
Tests for flammability of plastic materials for parts in devices and appliances

EU directive on the restriction of the use of certain hazardous substances

Warning

This is a class A product. In a domestic environment this product may cause radio interference in which
case the user may be required to take adequate measures.

This device complies with part 15 of the FCC:

Operation is subject to the following two conditions: (1) This device may not cause harmful interference,
and (2) this device must accept any interference received, including interference that may cause

undesired operation.

This Class A digital apparatus complies with Canadian ICES-0003.

PM 1002618 000 01

Device handbook LINAX PQ5000-RACK 76/100




10. Dimensional drawings
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Annex
A Description of measured quantities

Used abbreviations

1L Single phase system

2L Split phase; system with 2 phases and center tap

3Lb 3-wire system with balanced load

3Lu 3-wire system with unbalanced load

3Lu.A 3-wire system with unbalanced load, Aron connection (only 2 currents connected)
4Lu 4-wire system with unbalanced load

A1 Basic measurements
The basic measured quantities are calculated each 200ms by determining an average over 10 cycles at 50Hz or 12
cycles at 60Hz. If a measurement is available depends on the selected system.

Depending on the measured quantity also minimum and maximum values are determined and non-volatile stored with
timestamp. These values may be reset by the user via display or website; see resetting of measurements.

Measurement g <

3 &1 < al|l 3| 3| =

a|l E| E| 7| | B> > F
Voltage U o | o | o |V |X
Voltage Uiy o | o | o v v
Voltage Uz o | o | o v \/
Voltage Usy o | o | o \/
Voltage U, o | o | o NNV
Voltage Ua; o | o | o NNV
Voltage Us; o | o | o NN NN
Voltage Une / Usc o | o NN AN NN Y
Current | o | o v v
Current 11 o | o v NN Y
Current 12 o | o N NN A
Current 13 o | o NN A
Neutral current Iy o | o N A N
Earth current Ipe (calculated) o | o v
Active power P o | o NN AN NN Y
Active power P1 o | o v \/
Active power P2 o | o v N
Active power P3 o | o ~
Fundamental active power P(H1) o | o NN NNV
Fundamental active power P1(H1) o [ o N v
Fundamental active power P2(H1) o | o v v
Fundamental active power P3(H1) o | o v
Total reactive power Q o | o NN AN NN Y
Total reactive power Q1 o | o v \/
Total reactive power Q2 o | o N ~
Total reactive power Q3 o | o ~
Distortion reactive power D o | o SV RV BV VA BV B
Distortion reactive power D1 o | o N N
Distortion reactive power D2 o | o \/ ~
Distortion reactive power D3 o | o v
Fundamental reactive power Q(H1) o | o NN N[N N
Fundamental reactive power Q1(H1) o | o v v
Fundamental reactive power Q2(H1) o | o v v
Fundamental reactive power Q3(H1) o | o \

" Uy for 3-wire systems only if measurement of homopolar voltage has been activated; Une otherwise
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Measurement

present

max

min

1L

Apparent power S

<-| 3Lb

<| 3Lu

<-| 3Lu.A

Apparent power S1

Apparent power S2

Apparent power S3

Fundamental apparent power S(H1)

Fundamental apparent power S1(H1)

< | <2

Fundamental apparent power S2(H1)

2

Fundamental apparent power S3(H1)

Frequency F

Power factor PF

< | <2

< | <2

< | <2

Power factor PF1

Power factor PF2

< |2 | 2|2

Power factor PF3

PF quadrant |

PF quadrant Il

PF quadrant Il

PF quadrant IV

Reactive power factor QF

< |2 |2 <2<

< |2 |2 |2 |2

< |2 |2 | 2|2

< |2 |2 |2 |2

Reactive power factor QF1

Reactive power factor QF2

2 ||| || 2|2

Reactive power factor QF3

Load factor LF

2

Load factor LF1

Load factor LF2

< | <

Load factor LF3

cos® (H1)

cosg L1 (H1)

cos® L2 (H1)

< | <

cos® L3 (H1)

cos® (H1) quadrant |

cos® (H1) quadrant Il

cos® (H1) quadrant 11l

cos® (H1) quadrant IV

tang (H1)

< |2 |2 <2<

< |2 |2 | 2|2

< |2 |2 | 2|2

< |2 |2 |2 |2

tang L1 (H1)

tang L2 (H1)

2 ||| |||

tang L3 (H1)

2| | | | | | | | | | | | A | | | | | | A | | | | | | A | | 2| 2| 2| 2| 2= 4lu

Umean=(UTN+U2N)/2

Umean=(UTN+U2N+U3N)/3

2

Umean=(U12+U23+U31)/3

2

Imean=(11+12)/2

Imean=(11+12+13)/3

IMS, Average current with sign of P

Phase angle between U1 and U2

Phase angle between U2 and U3

Phase angle between U3 and U1

< |2 |2 | 2|2

Angle between U and |

2|2 |2 |2 |2

2|2 ||| 2|2

2|2 |2 |2 |2

Angle between U1 and 11

Angle between U2 and 12

< | <2

Angle between U3 and I3

Maximum AU <> Um

Maximum Al <> Im

2|2 || 2|2

I:l Available via communication interface only
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Reactive power

Most of the loads consume a combination of ohmic and inductive current from the power system. Reactive
power arises by means of the inductive load. But the number of non-linear loads, such as RPM regulated
drives, rectifiers, thyristor controlled systems or fluorescent lamps, is increasing. They cause non-
sinusoidal AC currents, which may be represented as a sum of harmonics. Thus the reactive power to
transmit increases and leads to higher transmission losses und higher energy costs. This part of the
reactive power is called distortion reactive power.

Normally reactive power is unwanted, because there is no usable active component in it. Because the
transmission of reactive power over long distances is uneconomic, it makes sense to install compensation
systems close to the consumers. So transmission capacities may be used better and losses and voltage
drops by means of harmonic currents can be avoided.

P: Active power

S: Apparent power including harmonic
components

S1: Fundamental apparent power

Q: Total reactive power

Q(H1): Fundamental reactive power

D: Distortion reactive power

The reactive power may be divided in a fundamental and a distortion component. Only the fundamental
reactive power may be compensated directly by means of the classical capacitive method. The distortion
components have to be combated using inductors or active harmonic conditioners.

The load factor PF is the relation between active power P and apparent power S, including all possibly
existing harmonic parts. This factor is often called cos@, which is only partly correct. The PF corresponds
to the cos@ only, if there is no harmonic content present in the system. So the cos¢ represents the
relation between the active power P and the fundamental apparent power S(H1).

The tang is often used as a target quantity for the capacitive reactive power compensation. It
corresponds to the relation of the fundamental reactive power Q(H1) and the active power P.

Power factors

The power factor PF gives the relation

m | v | I
between active and apparent power. If
. . ind. cap. ind. cap.
there are no harmonics present in the - > > >
system, it corresponds to the cosg or Lo
2,
displacement power factor. The PF has a PF 3 i \\ N 9':
range of -1...0...+1, where the sign gives A // \. \\\
the direction of energy flow. 4 //' \‘\ S
/ NN

The load factor LF is a quantity derived _4g557~__ o0 = T TR
from the PF, which allows making a % N LF // ,/
statement about the load type. Only this \\ \\ /V' L
way it's possible to measure a range like < \\ / //
0.5 capacitive ... 1 ... 0.5 inductive in a DA
non-ambiguous way. " ol il ol

outgoing incoming outgoing

The reactive power factor QF gives the
relation between reactive and apparent
power.

Example from the perspective of an energy consumer
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Zero displacement voltage Une

Starting from the generating system with star point E
(which is normally earthed), the star point (N) on load
side is shifted in case of unbalanced load. The zero
displacement voltage between E und N may be
determined by a vector addition of the voltage vectors of
the three phases:

‘QNE=-(Q1N+Q2N+Q3N)/3 ‘

A displacement voltage may also occur due to
harmonics of order 3, 9, 15, 21 etc., because the
dedicated currents add in the neutral wire.
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A2 Harmonic analysis
The harmonic analysis is performed according IEC 61000-4-7 over 10 cycles at 50Hz or 12 cycles at
60Hz. If a measured quantity is available depends on the selected system.

prese
max
1L
3Lu.A
4Lu

Measurement

3Lb
3Lu

THD Voltage UTN/U

THD Voltage U2N

THD Voltage U3N

THD Voltage U12

THD Voltage U23

THD Voltage U31

THD Current 11/1

THD Current 12

THD Current I3

TDD Current 11/1

TDD Current 12

TDD Current I3

Harmonic contents 2"...50"" U1N/U
Harmonic contents 2™...50" U2N
Harmonic contents 2™...50" U3N
Harmonic contents 2™...50"" U12
Harmonic contents 2™...50"" U23
Harmonic contents 2™...50"" U31
Harmonic contents 2™...50" 11/1
Harmonic contents 2™...50" 12
Harmonic contents 2™...50" 13

)

2

< |2 | <<

<
< |22 =
< |2l |2] =

< ||| |22 ||| <

Harmonic contents are available
up to the 89" (50Hz) or 75"
(60Hz) on the Modbus interface

P P P .

o |®o |0 (0o (0| 0|0 |0 0 06 0|0 0|0 (0 0 o 0|0 0 o
o |®o |0 (0 (0| 0|0 0 0 0 06|06 0| 0 (0 0 o 0| 0 0 o
<_

P Py - - P
P Py - - P

<2 |2 | <

l:l Available via communication interface only

Harmonics

Harmonics are multiples of the fundamental or system frequency. They arise if non-linear loads, such as
RPM regulated drives, rectifiers, thyristor controlled systems or fluorescent lamps are present in the
power system. Thus undesired side effects occur, such as additional thermal stress to operational
resources or electrical mains, which lead to an advanced aging or even damage. Also the reliability of
sensitive loads can be affected and unexplainable disturbances may occur. In industrial networks the
image of the harmonics gives good information about the kind of loads connected. See also:

» Increase of reactive power due to harmonic currents

TDD (Total Demand Distortion)

The complete harmonic content of the currents is calculated additionally as Total Demand Distortion,
briefly TDD. This value is scaled to the rated current or rated power. Only this way it's possible to estimate
the influence of the current harmonics on the connected equipment correctly.

Maximum values

The maximum values of the harmonic analysis arise from the monitoring of THD and TDD. The maximum
values of individual harmonics are not monitored separately, but are stored if a maximum value of THD or
TDD is detected. The image of the maximum harmonics therefore always corresponds to the dedicated
THD or TDD.

The accuracy of the harmonic analysis strongly depends on the quality of the current and voltage
(Q transformers possibly used. In the harmonics range transformers normally change both, the
D amplitude and the phase of the signals to measure. It's valid: The higher the frequency of the
harmonic, the higher its damping or phase shift.
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A3 System imbalance

[ <
Measured quantity g 8 a0 a3 3 3 3

gl E|lF | | ® | ®|® <
UR1: Positive sequence [V] . NN N A
UR2: Negative sequence [V] . NN NN
U0: Zero sequence [V] . v
U: Imbalance UR2/UR1 o | o NN AN
U: Imbalance UO/UR1 ° ° \/
IR1: Positive sequence [A] . v v
IR2: Negative sequence [A] . v v
10: Zero sequence [A] ° N
I: Imbalance IR2/IR1 ° . v \/
I: Imbalance 10/IR1 o | o v

EI Available via communication interface only

Imbalance in three-phase systems may occur due to single-phase loads, but also due to failures, such as
e.g. the blowing of a fuse, an earth fault, a phase failure or an isolation defect. Also harmonics of the 3rd,
9th, 15th, 21st etc. order, which add in the neutral wire, may lead to imbalance. Operating resources
dimensioned to rated values, such as three-phase generators, transformers or motors on load side, may
be excessively stressed by imbalance. So a shorter life cycle, a damage or failure due to thermal stress
can result. Therefore monitoring imbalance helps to reduce the costs for maintenance and extends the
undisturbed operating time of the used resources.

Imbalance or unbalanced load relays use different measurement principles. One of them is the approach
of the symmetrical components, the other one calculates the maximum deviation from the mean-value of
the three phase values. The results of these methods are not equal and don't have the same intention.
Both of these principles are implemented in the device.

Symmetrical components (acc. Fortescue)

The imbalance calculation method by means of the symmetrical components is ambitious and intensive to
calculate. The results may be used for disturbance analysis and for protection purposes in three-phase
systems. The real existing system is divided in symmetrical system parts: A positive sequence, a negative
sequence and (for systems with neutral conductor) a zero sequence system. The approach is easiest to
understand for rotating machines. The positive sequence represents a positive rotating field, the negative
sequence a negative (braking) rotating field with opposite sense of direction. Therefore the negative
sequence prevents that the machine can generate the full turning moment. For e.g. generators the
maximum permissible current imbalance is typically limited to a value of 8...12%.

Maximum deviation from the mean value

The calculation of the maximum deviation from the mean value of the phase currents or phase voltages
gives the information if a grid or substation is imbalanced loaded. The results are independent of rated
values and the present load situation. So a more symmetrical system can be aspired, e.g. by changing
loads from one phase to another.

Also failure detection is possible. The capacitors used in compensation systems are wear parts, which fail
quite often and then have to be replaced. When using three phase power capacitors all phases will be
compensated equally which leads to almost identical currents flowing through the capacitors, if the system
load is comparable. By monitoring the current imbalance it's then possible to estimate if a capacitor failure
is present.

The maximum deviations are calculated in the same steps as the instantaneous values and therefore are
arranged there (see A1).
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A4 Mean values and trend

. HIE -

Measured quantity g § sl el B I |
ol +—-| E| E| T

Active power I+IV 10s...60min. " e | o | o | e |5 S
Active power I1+I1I 10s...60min. " o | o | o | e |5 @
Reactive power I+l 10s...60min. e | o | e | e |5 P
Reactive power Il[+IV 10s...60min. ” e | e | e | e |5
Apparent power 10s...60min. " e | o | o | e |5
Mean value quantity 1 10s...60min. 2 o | o | o | 0|1 m \Y;
Mean value quantity 12 10s...60min. ? o | o | o | o |1

" Interval time t1 2 Interval time t2
Calculating the mean-values
The mean value calculation is performed via integration of the measured instantaneous values over a
configurable averaging interval. The interval time may be selected in the range from 10 seconds up to one
hour. Possible interim values are set the way that a multiple of it is equal to a minute or an hour. Mean
values of power quantities (interval time t1) and free quantities (interval time t2) may have different
averaging intervals.

Synchronization
For the synchronization of the averaging intervals the internal clock is used. To be able to compare the

mean values of power quantities on generating and demand side it is therefore required to synchronize
the clock either via NTP, GPS or IRIG-B.

Trend
The estimated final value (trend) of mean values is determined by weighted addition of measurements of

the past and the present interval. It serves for early detection of a possible exceeding of a given maximum
value. This can then be avoided, e.g. by switching off an active load.

History
For mean values of system powers the last 5 interval values may be displayed on the device or read via
interface. For configurable quantities the value of the last interval is provided via communication interface.

Bimetal current
This measured quantity serves for measuring the long-term effect of the current, e.g. for monitoring the

warming of a current-carrying line. To do so, an exponential function is used, similar to the charging curve
of a capacitor. The response time of the bimetal function can be freely selected, but normally it
corresponds to the interval for determining the power mean-values.

g <
Measured quantity ol 8| || 4| =&l =l3| =3
o| E| | | ®»| ®»| ®»| F
Bimetal current IB, 1...60min. ¥ o | o |+ N
Bimetal current IB1,  1...60min. ¥ o | o N NN Y
Bimetal current IB2,  1...60min. ¥ o | o N NN Y
Bimetal current IB3,  1...60min. o | o NV

%) Interval time t3
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A5 Meters

<
Measured quantity 44 é ;, ; é Il I
Active energy I+IV, high tariff . ) o | o ° .
Active energy II+lll, high tariff o | o | o | o | o | o S
Reactive energy I+lI, high tariff o | o | o | o | o | o ®
Reactive energy llI+V, high tariff o | oo | o | o . B
Active energy I+1V, low tariff o | o | o | o | o .
Active energy I+l low tariff o | o | o | o | o . m v
Reactive energy I+, low tariff o | oo | o | o .
Reactive energy llI+V, low tariff o | oo | o | o .
User configured meter 1
User configured meter 2
User configured meter 3
User configured meter 4
User configured meter 5 Only basic quantities can be
User configured meter 6 selected which are
User configured meter 7 supported in the present
User configured meter 8 system.
User configured meter 9
User configured meter 10
User configured meter 11
User configured meter 12

Standard meters
The meters for active and reactive energy of the system are always active.

User configured meters
To each of these meters the user can freely assign a basic quantity.

Programmable meter resolution

For all meters the resolution (displayed unit) can be selected almost freely. This way,
applications with short measurement times, e.g. energy consumption of a working day or
shift, can be realized. The smaller the basic unit is selected, the faster the meter overflow
is reached.

[0
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B Display matrices

B0 Used abbreviations for the measurements

Instantaneous values

Name Measurement identification Unit | Description

U U TRMS \Y Voltage system

U1N U 1N TRMS \Y Voltage between phase L1 and neutral
U2N U 2N TRMS \Y Voltage between phase L2 and neutral
U3N U 3N TRMS \Y Voltage between phase L3 and neutral
u12 U 12 TRMS \Y Voltage between phases L1 and L2
u23 U 23 TRMS \Y Voltage between phases L2 and L3
u31 U 31 TRMS \Y Voltage between phases L3 and L1
UNE U NE TRMS \Y Zero displacement voltage 4-wire systems
u4cC U NE TRMS \Y Homopolar voltage between U4 and COM
| | TRMS A Current system

11 | 1 TRMS A Current phase L1

12 | 2 TRMS A Current phase L2

13 | 3 TRMS A Current phase L3

IN | N TRMS A Neutral current

IPE | PE TRMS Earth current

P P TRMS W Active power system (P=P1+P2+P3)
P1 P 1 TRMS W Active power phase L1

P2 P 2 TRMS W Active power phase L2

P3 P 3 TRMS W Active power phase L3

Q Q TRMS var Reactive power system (Q=Q1+Q2+Q3)
Q1 Q 1 TRMS var Reactive power phase L1

Q2 Q 2 TRMS var Reactive power phase L2

Q3 Q 3 TRMS var Reactive power phase L3

S S TRMS VA Apparent power system

S1 S 1 TRMS VA Apparent power phase L1

S2 S 2 TRMS VA Apparent power phase L2

S3 S 3 TRMS VA Apparent power phase L3

F F TRMS Hz System frequency

PF PF TRMS Active power factor P/S

PF1 PF 1 TRMS Active power factor P1/S1

PF2 PF 2 TRMS Active power factor P2/S2

PF3 PF 3 TRMS Active power factor P3/S3

QF QF TRMS Reactive power factor Q/ S

QF1 QF 1 TRMS Reactive power factor Q1 / S1

QF2 QF 2 TRMS Reactive power factor Q2 / S2

QF3 QF 3 TRMS Reactive power factor Q3 / S3

LF LF TRMS Load factor system

LF1 LF 1 TRMS Load factor phase L1

LF2 LF 2 TRMS Load factor phase L2

LF3 LF 3 TRMS Load factor phase L3

UR1 U pos SEQ \% Positive sequence voltage

UR2 U neg SEQ \% Negative sequence voltage

uo U zero SEQ \% Zero sequence voltage

IR1 | pos SEQ A Positive sequence current

IR2 | neg SEQ A Negative sequence current

10 | zero SEQ A Zero sequence current

UR2R1 U neg/pos UNB % Unbalance factor voltage UR2/UR1
IR2R1 | neg/pos UNB % Unbalance factor current IR2/IR1

UOR1 U zero/pos UNB % Unbalance factor voltage UO/UR1

I0R1 | zero/pos UNB % Unbalance factor current 10/IR1
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Name Measurement identification Unit | Description

IMS | (1] ﬁQJ, TRMS A Average current with sign of P

Pst1N Pst 1N 10min Short term flicker U1N, Averaging time 10min.
Pst2N Pst 2N 10min Short term flicker U2N, Averaging time 10min.
Pst3N Pst 3N 10min Short term flicker U3N, Averaging time 10min.
Pst12 Pst 12 10min Short term flicker U12, Averaging time 10min.
Pst23 Pst 23 10min Short term flicker U23, Averaging time 10min.
Pst31 Pst 31 10min Short term flicker U31, Averaging time 10min.
ub Us 1N TRMS \% Underdeviation system voltage

UD1N Us 1N TRMS \% Underdeviation voltage U1N

UD2N Us 2N TRMS \% Underdeviation voltage U2N

UD3N Us 3N TRMS \% Underdeviation voltage U3N

ub12 Us 12 TRMS \% Underdeviation voltage U12

uD23 Us 23 TRMS \ Underdeviation voltage U23

uD31 Us 31 TRMS \Y Underdeviation voltage U31

oD Uz 1N TRMS \Y Overdeviation system voltage

OD1N U=z 1IN TRMS \Y Overdeviation voltage U1N

OD2N U=z 2N TRMS \ Overdeviation voltage U2N

OD3N U= 3N TRMS \ Overdeviation voltage U3N

OD12 Uz 12 TRMS \ Overdeviation voltage U12

0OD23 Uz 23 TRMS \ Overdeviation voltage U23

OD31 Uz 3 TRMS \ Overdeviation voltage U31
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Minimum and maximum of instantaneous values

Name Measurement identification Unit Description

U_MM U TRMS :IZ \ Minimum and maximum value of U
UIN_MM u 1N TRMS :1: \% Minimum and maximum value of U1N
U2N_MM U 2N TRMS :IZ \Y Minimum and maximum value of U2N
U3N_MM u 3N TRMS 515 |V Minimum and maximum value of U3N
u12_M™m u 12 TRMS :I: \% Minimum and maximum value of U12
u23_MM u 23 TRMS :12 \ Minimum and maximum value of U23
U31_MM u 31 TRMS :I: \% Minimum and maximum value of U31
UNE_MAX U NE TRMS  ATS \% Maximum value of UNE

U4C_MAX U 4C TRMS  ATS \% Maximum value of U4C

I_MAX I TRMS ATS A Maximum value of |

11_MAX I 1 TRMS ATS A Maximum value of 11

12_MAX I 2 TRMS ATS A Maximum value of 12

13_MAX I 3 TRMS ATS A Maximum value of 13

IN_MAX I N TRMS ATS A Maximum value of IN

IPE_MAX | PE TRMS  ATS A Maximum value of IPE

P_MAX P TRMS ATS W Maximum value of P

P1_MAX P 1 TRMS ATS W Maximum value of P1

P2_MAX P 2 TRMS ATS W Maximum value of P2

P3 _MAX P 3 TRMS ATS W Maximum value of P3

Q_MAX Q TRMS  ATS var Maximum value of Q

Q1_MAX Q 1 TRMS  ATS var Maximum value of Q1

Q2_MAX Q 2 TRMS ATS var Maximum value of Q2

Q3_MAX Q 3 TRMS  ATS var Maximum value of Q3

S_MAX S TRMS  ATS VA Maximum value of S

S1_MAX S 1 TRMS  ATS VA Maximum value of S1

S2_MAX S 2 TRMS  ATS VA Maximum value of S2

S3_MAX S 3 TRMS  ATS VA Maximum value of S3

F_MM F TRMS  ATS Hz Minimum and maximum value of F
UR21_MAX u neg/pos UNB ATS % Maximum value of UR2/UR1
IR21_MAX I neg/pos UNB ATS % Maximum value of IR2/IR1
THD_U_MAX U THD ATS % Max. Total Harmonic Distortion of U
THD_U1TN_MAX | U 1N THD ATS % Max. Total Harmonic Distortion of UTN
THD_U2N_MAX | U 2N THD ATS % Max. Total Harmonic Distortion of U2N
THD_U3N_MAX | U 3N THD ATS % Max. Total Harmonic Distortion of U3N
THD_U12_MAX | U 12 THD ATS % Max. Total Harmonic Distortion of U12
THD_U23_MAX | U 23 THD ATS % Max. Total Harmonic Distortion of U23
THD_U31_MAX | U 31 THD ATS % Max. Total Harmonic Distortion of U31
TDD_I_MAX | TDD ATS % Max. Total Demand Distortion of |
TDD_I1_MAX | 1 TDD ATS % Max. Total Demand Distortion of 11
TDD_I2_MAX | 2 TDD ATS % Max. Total Demand Distortion of 12
TDD_I3_MAX | 3 TDD ATS % Max. Total Demand Distortion of 13

TS: Timestamp of occurrence, e.g. 2014/09/17 11:12:03
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Mean-values, trend and bimetal current

Name Measurement identification Unit Description

M1 (m) (p) (q) [|1|_ (t2) (mu) Mean-value 1

M2 (m) (p) (q) [|1|_ (t2) (mu) Mean-value 2

m ® @ W @ (mu)

M11 (m) (p) (a) lul (t2) (mu) Mean-value 11

M12 (m) (p) (a) lul (t2) (mu) Mean-value 12

TR_M1 (m) (p) (a) " (t2) (mu) Trend mean-value 1
TR_M2 (m) (9) (a) M (t2) (mu) Trend mean-value 2

m (P @ (t2) (mu)

TR_M11 (m) (p) (a) ™ (t2) (mu) Trend mean-value 11
TR_M12 (m) (p) (a) h (t2) (mu) Trend mean-value 12

IB IB r (t3) A Bimetal current, system
IB1 IB 1 r (t3) A Bimetal current, phase L1
IB2 IB r (t3) A Bimetal current, phase L2
IB3 1B K (t3) A Bimetal current, phase L3

Minimum and maximum of mean-values and bimetal-current

Name Measurement identification Unit Description
M1_MM (m) (P) (@ [l (t2) :Ig Min/Max mean-value 1
M2_MM (m (P (a) lul (t2) :Ig - Min/Max mean-value 2
m @ @ bW @ AT
v TS
M11_MM m ® @ b @ |- Min/Max mean-value 11
M12_MM m e @ W@ AT Min/Max mean-value 12
IB_MAX 1B r (t3) ATS A Maximum bimetal current, system
IB1_MAX 1B 1 r (t3) ATS A Maximum Bimetal current, phase L1
IB2_MAX 1B r (t3) ATS A Maximum Bimetal current, phase L2
IB3_MAX 1B r (t3) ATS A Maximum Bimetal current, phase L3
Meters

Name Measurement identification Unit Description
IP_I_IV_HT P Q THT Wh Meter P 1+IV, high tariff
ZP_I_NI_HT P G THT Wh Meter P 1I+1ll, high tariff
ZQ_I_I_HT Q 8 THT varh Meter Q I+ll,  high tariff
ZQ_I_IV_HT Q P THT varh Meter Q llI+IV, high tariff
IP_ILIV_LT P P ILT Wh Meter P 1+1V, low tariff
IP_I_N_LT P & ILT Wh Meter P 1I+IIl, low tariff
SQ_ILIN_LT Q Q LT varh Meter Q I+1l,  low tariff
SQ_I_IV_LT Q @ LT varh Meter Q llI+IV, low tariff
METER1 (m) (p) (qg9) >(T) (mu) User meter 1, tariff HT or LT
METER2 (m) (9] (qg9) >(T) (mu) User meter 2, tariff HT or LT
----- (m) (P (q9) (M) (mu) | ...
>*METER11 (m) (9] (qg9) >(T) (mu) User meter 11, tariff HT or LT
>*METER12 (m) (p) (qg9) >(T) (mu) User meter 12, tariff HT or LT

(m): Short description of basic quantity, e.g. ,P* (ag): Graphical quadrant information, e.g. P

(p): Phase reference of the selected quantity, e.g. ,1 (T):  Associated tariff, e.g. ,HT" or LT

(9): Quadrant information, e.g. ,|+V* (mu): Unit of basic quantity
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Graphical measurement displays

Name Presentation Description

Power triangle a0+

13.12.2019_16:40

Graphic of the power triangle consisting of:
» Active, reactive and apparent power Px, Qx, Sx
« Distortion reactive power Dx

Px_TRIANGLE
- * Fundamental reactive power Qx(H1)
0.62 kvar
* cos(o) of fundamental
cp(H1)  0.800 * Active power factor PFx
PF 0.800
Power factor minimum 13_12_20199:3‘:
0.003
22.05.2019
PF_MIN 0.000 Graphic: Minimum active power factor PF in all 4 quadrants
22.05.2019
1.000
01.03.2019
0.189
05.06.2019
Co_MIN (as PF_MIN) Graphic: Minimum cos(e) in all 4 quadrants
Mean value P (1+1V) 13_12_20199:3‘;
16:38:19,000
MT P I IV 16:30:00000 Graphic mean-value P (I+1V)
- = 16:15:00000 Trend, last 5 interval values, minimum and maximum
16:00:00,000
15:45:00,000
15:30:00,000
MT P 111l (as MT_P_1IV) Graphic mean-value P (lI+l11)
- - - - - Trend, last 5 interval values, minimum and maximum
MT Q 1Ll (as MT_P_I_IV) Graphic mean-value Q (I+ll)

Trend, last 5 interval values, minimum and maximum

Graphic mean-value Q (llI+1V)
Trend, last 5 interval values, minimum and maximum

MT_Q_IlI_IV (as MT_P_I_IV)

Graphic mean-value S:
Trend, last 5 interval values, minimum and maximum

MT_S (as MT_P_I_IV)

L1 TDDA 29.0% M L2 TDDA 30.3% L3 TDDA 29.0 %

50%
HO IX 0% Graphic: Odd harmonics 3™ up to 49" + Total Harmonic
- 30% Distortion of all currents
20%!
10%
3 7 11 15 19 23 27 31 35 39 43 47
HO UX (as HO_IX) Graphic: Odd harmonics 3™ up to 49" + Total Harmonic
- - Distortion of all voltages
HE IX (as HO_IX) Graphic: Even harmonics 2™ up to 50" + Total Harmonic
— - Distortion of all currents
HE UX (as HO_IX) Graphic: Even harmonics 2" up to 50" + Total Harmonic

Distortion of all voltages

Graphic: Maximum values odd harmonics 3™ up to 49" + Total

HO_UX_MAX (as HO_IX) Harmonic Distortion of all voltages

Graphic: Maximum values odd harmonics 3™ up to 49" + Total

HO_IX_MAX (as HO_IX) Harmonic Distortion of all currents

Name Presentation Description
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Graphic: Maximum values even harmonics 2™ up to 50" + Total

50V/div

HE_UX_MAX (as HO_IX) Harmonic Distortion of all voltages
HE IX MAX (as HO_IX) Graphic: Maximum values even harmonics 2™ up to 50" + Total
— = - Harmonic Distortion of all currents
238.81 238.16 238.82
PHASOR 0.00-119.65 12035 * Graphic: All current and voltage phasors with present load

situation
1.648 3.790 3.433
196 -464 383 °

14/dv 0.689 0752
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B1 Display matrices for single phase system

Display menu

Corresponding matrix

u U_MM Pst1N uD
UNE UNE_MAX oD
F F_MM
| I_MAX
IN IN_MAX
IMS
[
[ %y Instantaneous values = P MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
SP_ I IV_HT
[ o E J SP | IV_NT
& Energy SP_IIIl_NT
SP_ILIILHT
[ Meter contents SQ_I_ILHT
[ Standard meters “ELL
SQ_II_IV_HT
SQ_IIl_NT
SMETER1
SMETER2
>METER3
— >METER4
[ ' Energy J SMETER5
>METERG
[ Meter contents SMETER?
[ User meters 2al
QI
ZQ_lNl
IQ_IV
3S
[ &) Energy J MT_P_I_IV MT_P_lI_lIl MT_Q_I_II MT_Q_I_IV | MT_S
[ Mean-values
[ Power mean-values + trend
M1 TR_M1 M1_MM
M2 TR_M2 M2_MM
M3 TR_M3 M3_MM
— M4 TR_M4 M4_MM
[ ‘& Energy J M5 TR_M5 M5_MM
M6 TR_M6 M6_MM
[ Mean-values M7 TR_M7 M7_MM
[ U | PR M8 TR_M8 M8_MM
sSer mean-values + tren M9 TR_M9 M9_MM
M10 TR_M10 M10_MM
M11 TR_M11 M11_MM
M12 TR_M12 M12_MM
— 1B
[ &) Energy J IB_MAX
[ Bimetal current
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B2 Display matrices for split-phase (two-phase) systems

Display menu

Corresponding matrix

U1N UTIN_MM Pst1N ub12 0D12
U2N U2N_MM Pst2N UD1IN OD1N
U U_MM UD2N OD2N
UNE UNE_MAX
11 11_MAX
12 12_MAX
IN IN_MAX
o— IPE IPE_MAX
[3 Instantaneous values 5 =X B MAX BT MAX
Q P2 Q_MAX P2_MAX
S Q1 S_MAX Q1_MAX
PF Q2 F_MM Q2_MAX
P_TRIANGLE P1_TRIANGLE P2_TRIANGLE
PF_MIN Ce_MIN
SP_ I IV_HT
S E ] SP | IV_NT
& Energy SP_II_II_NT
SP_ILII_HT
[ Meter contents sQ_IIlLHT
[ Standard meters ZQ_LI_NT
SQ_II_IV_HT
SQ | Il_NT
>METER1
>METER2
>METER3
— >METER4
[! Energy ] SMETER5
SMETER6
[ Meter contents SMETER7
[ User meters zal
QI
QI
Q. IV
3S
[ & Energy ] MT P_LIV MT_P_II_Ill MT_Q_L_II MT_Q_II_IV MT_S
[ Mean-values
[ Power mean-values + trend
M1 TR_M1 M1_MM
M2 TR_M2 M2_MM
M3 TR_M3 M3_MM
— M4 TR_M4 M4_MM
i Energy ] M5 TR M5 M5_MM
M6 TR_M6 M6_MM
[ Mean-values M7 TR_M7 M7_MM
[ User mean-values + trend M8 TR M8 MS_MM
NAes MO TR_M9 M9_MM
M10 TR_M10 M10_MM
M11 TR_M11 M11_MM
M12 TR_M12 M12_MM
— 1B1
& Energy J B2
" IB1_MAX
[ Bimetal current IB2 MAX
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B3 Display matrices for 3-wire system, balanced load

Display menu

Corresponding matrix

u12 u4ac U12_ MM | UR1 Pst12 uD12 0oD12
u23 U4C_MAX | U23_MM | UR2 Pst23 uD23 0D23
U31 U31_MM | UR2R1 Pst31 UD31 0oD31
F D F_ MM UR21_MAX
I
I_MAX " Only if measurement of homopolar
IMS voltage has been activated
[ [ Instantaneous values E >
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
IP_I_IV_HT
[ o E J ZP_I_IV_NT
& Energy SP_IIIl_NT
2P_II_II_HT
[ Meter contents SQ IILHT
[ Standard meters “ELL
TQ_I_IV _HT
TQ_I_Il_NT
IMETER1
IMETER2
*METER3
— >METER4
[ '&| Energy J SMETER5
*METERG
[ Meter contents =
[ User meters s
QI
ZQ_lNl
IQ_IV
3S
[ &) Energy J MT_P_I_IV MT_P_lI_lIl MT_Q_I_II MT_Q_I_IV | MT_S
[ Mean-values
[ Power mean-values + trend
M1 TR_M1 M1_MM
M2 TR_M2 M2_MM
M3 TR_M3 M3_MM
— M4 TR_M4 M4_MM
[ & Energy J M5 TR_M5 M5_MM
[ M I M6 TR_M6 M6_MM
ean-values M7 TR_M7 M7_MM
[ U | PR M8 TR_M8 M8_MM
ser mean-values + tren i TR MO VoMM
M10 TR_M10 M10_MM
M11 TR_M11 M11_MM
M12 TR_M12 M12_MM
— 1B
[ & Energy } IB_MAX
[ Bimetal current
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B4 Display matrices for 3-wire systems, unbalanced load

Display menu Corresponding matrix
u12 u4c U12_MM | UR1 Pst12 uD12 0oD12
u23 U4C_MAX |U23 MM | UR2 Pst23 uD23 0D23
u31 U31_MM | UR2R1 Pst31 UD31 0oD31
F | F_MM UR21_MAX
11 11_MAX IR1
12 12_MAX IR2 2 Only if measurement of homopolar
13 13_MAX IR2R1 voltage has been activated
o— IPE IPE_MAX IR21_MAX
[ |& Instantaneous values J 5 S MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
SP_ I IV_HT
[ = E ] SP | IV_NT
& Energy *P_IIIl_NT
SP_ILIILHT
[ Meter contents } SQ IILHT
[ Standard meters } “ELL
SQ_II_IV _HT
SQ_IIl_NT
SMETER1
SMETER2
>METER3
= >METER4
[ &) Energy ] SMETER5
>METERG
[ Meter contents J =
[ User meters J s
QI
ZQ_lNl
IQ_IV
3S
[ & Energy ] MT _P_LIV MT_P_II_Ill MT_Q_L_II MT_Q_II_IV MT_S
[ Mean-values J
[ Power mean-values + trend J
M1 TR_M1 M1_MM
M2 TR_M2 M2_MM
M3 TR_M3 M3_MM
— M4 TR_M4 M4_MM
[ &) Energy ] M5 TR_M5 M5_MM
M6 TR_M6 M6_MM
[ Mean-values } M7 TR_M7 M7_MM
[ U | prE } M8 TR_M8 M8_MM
ser mean-values + tren i TR MO W9_MIM
M10 TR_M10 M10_MM
M11 TR_M11 M11_MM
M12 TR_M12 M12_MM
— 1B1 IB1_MAX
[ & Energy J B2 IB2_MAX
" B3 IB3_MAX
[ Bimetal current J
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B5 Display matrices for 3-wire systems, unbalanced load, Aron

Display menu Corresponding matrix
u12 u4c U12_MM | UR1 Pst12 uD12 0oD12
u23 U4C_MAX |U23_MM | UR2 Pst23 uD23 0D23
u31 U31_MM | UR2R1 Pst31 UD31 0oD31
F | F_MM UR21_MAX
11 11_MAX
12 12_MAX 3 Only if measurement of homopolar
13 13_MAX voltage has been activated
— IMS
[ %y Instantaneous values ] 5 SMAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
IP_I_IV_HT
[ © E J ZP_I_IV_NT
& Energy SP_IIIl_NT
2P_II_II_HT
[ Meter contents } SQ IILHT
[ Standard meters ] “ELL
TQ_I_IV _HT
TQ_I_Il_NT
IMETER1
IMETER2
*METER3
— >METER4
[ '&| Energy J SMETER5
*METERG
[ Meter contents J =
[ User meters ] s
QI
ZQ_lNl
IQ_IV
3S
[ &) Energy J MT_P_I_IV MT_P_lI_lIl MT_Q_I_II MT_Q_I_IV | MT_S
[ Mean-values J
[ Power mean-values + trend ]
M1 TR_M1 M1_MM
M2 TR_M2 M2_MM
M3 TR_M3 M3_MM
— M4 TR_M4 M4_MM
[ \&) Energy J M5 TR_M5 M5_MM
M6 TR_M6 M6_MM
[ Mean-values } M7 TR_M7 M7_MM
[ U | PR ] M8 TR_M8 M8_MM
ser mean-values + tren i TR MO VoMM
M10 TR_M10 M10_MM
M11 TR_M11 M11_MM
M12 TR_M12 M12_MM
— 1B1 IB1_MAX
[ &) Energy J B2 IB2_MAX
: B3 IB3_MAX
[ Bimetal current J
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B6 Display matrices for 4-wire systems, unbalanced load

Display menu Corresponding matrix
UIN |U12 [UIN_MM J12_ MM  [UR1 Pst1IN |UD1N |uD12 [OD1N [0D12
U2N |U23 [U2N_MM JU23 MM  |UR2 Pst2N |UD2N |uD23 [OD2N [0D23
USN |U31 [USN_MM U31_MM  |UO Pst3N |UD3N |UD31 [OD3N [OD31
UNE |F F_MM UR21_MAX |UNB_UR2_UR1
11 IN 11 MAX N_MAX IR1
12 IPE [12_MAX |JPE_MAX [IR2
13 IMS [13_MAX [R21_MAX [0
W | F UNB_IR2_IR1
[E nstantaneous values J P P1 Q1 S1 P1_MAX [Q1 _MAX |S1_MAX
Q P2 Q2 S2 P2 MAX |Q2_MAX |S2_MAX
S P3 Q3 S3 P3_MAX | Q3_MAX |S3_MAX
PF P Q S P_MAX Q_MAX |S_MAX
P_TRIANGLE [P1_TRIANGLE |P2 TRIANGLE P3_TRIANGLE
PF_MIN Co_MIN
SP_IIV_HT
[T £ ] SP_IIV_NT
& Energy SP_ILIl_NT
SP_II_Il_HT
[ Meter contents } 5QIILHT
[ Standard meters } e LT
SQ_II_IV _HT
SQ_IIl_NT
SMETER1
SMETER2
SMETER3
— SMETER4
[! Energy ] SMETER5
SMETER6
[ Meter contents J =
[ User meters J 2al
QI
QI
Q. IV
¥S
[! Energy ] MT_P_ILIV MT_P_IL1I MT_Q 11l MT QLIV | MT.S
[ Mean-values J
[ Power mean-values + trend J
M1 TR_M1 M1_MM
M2 TR_M2 M2_MM
M3 TR_M3 M3_MM
— M4 TR_M4 M4_MM
[! Energy ] M5 TR_M5 M5_MM
[ M f J M6 TR_M6 M6_MM
ean-values M7 TR_M7 M7_MM
[ User mean-values + trend } M8 TR_M8 M8_MM
ey M9 TR_M9 M9_MM
M10 TR_M10 M10_MM
M11 TR_M11 M11_MM
M12 TR_M12 M12_MM
[T oy J IB1 IB1_MAX
=) ay B2 IB2_MAX
) B3 IB3_MAX
[ Bimetal current }
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C Logic functions

The principal function of the logical gates is given in the following table, for simplicity shown for gates with
two inputs only.

_ older symbols )
function symbol ANSI 91-1984 DIN 40700 (alt) truth table plain text
A | B | Y | Function is true if all input
AND A— & v A< A — 8 (1) 8 conditions are fulfilled
B— B B— 1 10 |0
1 |11 |1
A | B | Y | Function is true if at least
A— & A f — 0 10 |1 foneofthe input
NAND B —| o-Y B _}Y B Y ? g 1 conditions is not fulfilled
1 |11 |0
A | B | Y | Function is true if at least
A— =21 A a — 0 10 10 I one ofthe input
OR B —Y g DY 5 Y (1) (1) 1 conditions is fulfilled
1 11 |1
A | B | Y | Functionis true if none of
A— =1 A — 0 10 11 lihe input conditions is
NOR o-v | A Y YO 11 1O Fifilled
B— B B— 1 /0o ]o
1 1110

Using DIRECT or INVERT the input is directly connected to the output of a monitoring function, without
need for a logical combination. For these functions only one input is used.

AlY PP P :
X The monitoring function is reduced to one input only. The state of
DIRECT | ~ Y 0 |0 .
3 1 1 the output corresponds to the input.
A i » y ’S\ \1( The monitoring function is reduced to one input only. The state of
INVERT [ L B 1 0 the output corresponds to the inverted input.
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D FCC statement

The following statement applies to the products covered in this manual, unless otherwise specified herein.
The statement for other products will appear in the accompanying documentation.

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device,
pursuant to Part 15 of the FCC Rules and meets all requirements of the Canadian Interference-Causing
Equipment Standard ICES-003 for digital apparatus. These limits are designed to provide reasonable
protection against harmful interference in a residential installation. This equipment generates, uses, and
can radiate radio frequency energy and, if not installed and used in accordance with the instructions, may
cause harmful interference to radio communications. However, there is no guarantee that interference will
not occur in a particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on, the user is
encouraged to try to correct the interference by one or more of the following measures:

¢ Reorient or relocate the receiving antenna.

¢ Increase the separation between the equipment and receiver.

e Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
e Consult the dealer or an experienced radio/T.V. technician for help.

Camille Bauer AG is not responsible for any radio television interference caused by unauthorized
modifications of this equipment or the substitution or attachment of connecting cables and equipment
other than those specified by Camille Bauer AG. The correction of interference caused by such
unauthorized modification, substitution or attachment will be the responsibility of the user.
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