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Legal information

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.

personal injury may result.

é If the warning notice is not followed damage to property or severe
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 devices for heavy-current quantities of the SINEAX
AM series. It is intended to be used by:

¢ [nstallation personnel and commissioning engineers
e Service and maintenance personnel

e Planners

Scope

This handbook is valid for all hardware versions of the AMx000. 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

o Safety instructions (multiple languages)

e Mounting set: 2 mounting clamps

¢ Only AM3000: Battery pack (optional, if device with UPS)

Further documents

The following documents are provided electronically via our homepage https://www.camillebauer.com/ :
o Safety instructions SINEAX AM2000 / SINEAX AM3000

o Safety instructions SINEAX AM1000

¢ Data sheet SINEAX AM1000/AM2000/AM3000

¢ Modbus basics: General description of the communication protocol

¢ Modbus interface SINEAX AMx000: Register description of Modbus communication
¢ |IEC61850 interface SINEAX AMx000/DM5000, LINAX PQx000, CENTRAX CUx000

o Camille Bauer certificate for encrypted HTTPS communication
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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.

Device overview
3.1 Brief description

The SINEAX AM-series devices are compact instruments to measure and monitor in heavy current grids.
They excel in display quality and intuitive operation. The devices provide a wide range of functionalities
which may even be extended by optional components. The nameplate on the device gives further details
about the present version. They are connected to the process environment by communication interfaces,
via digital 1/Os, analog outputs or relays.

The devices have been designed for universal use in industrial plants, building automation or in energy
distribution. Nominal voltages of up to 690 V and measurement category CATIII can be directly connected
in low voltage systems. The universal measuring system permits the direct use of the devices in any type
of grid, from single-phase mains through to 4-wire unbalanced load systems.

A comprehensive security concept protects the devices from unauthorized access, eavesdropping of
communication or data manipulations. Implemented security mechanisms are Role-Based Access Control
(RBAC), encrypted data transmission via HTTPS, logging of all activities in an Audit log with Syslog
protocol support, a client whitelist for limiting computers with access authorization and digitally signed
firmware files for secure updates.

The AM series devices may be completely adapted to the requirements on site via TFT display. Versions
with an Ethernet interface permit webpage configuration. No special software is required for device
configuration or measurement display.
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3.2 Device overview

Input channels voltage / current
Measurement interval [ #cycles |

MEASURED VALUES
Instantaneous values

Extended reactive power analysis
Imbalance analysis

Neutral current

Earth wire current (calculated)
Zero displacement UNE

Energy balance analysis
Harmonic analysis

Operating hour counters device / general
Monitoring functions
Visualisation waveform U/l

MEASUREMENT UNCERTAINTY
Voltage, current

Active, reactive, apparent power
Frequency

Active energy (IEC 62053-21/22)
Reactive energy (IEC 62053-24)

DATA LOGGER

(Option, only with Ethernet)

Periodic recording

Event recording

Disturbance recorder (with pretrigger)
a) 1/2 cycle RMS progression U/l

b) Curve shape U/ [ #cycles ]

COMMUNICATION

Ethernet: Modbus/TCP, web server, NTP
IEC 61850

PROFINET 10

RS485: Modbus/RTU

Standard 1/0s

Extension modules (optional)

POWER SUPPLY

Consumption

DESIGN

Colour display
Front dimensions
Mounting depth

PM 1000162 000 15

SIS
10/12 (50/60Hz); 1/2

calculated

calculated

+0.2%

+0.5%

+10mHz
Class 0.5S
Class 0.5S

internal (=8GB)

<3min.
5/6 (pretrigger) +10/12

(option)
1 dig. OUT ; 1 dig. IN/OUT
max. 1 module

100-230V AC/DC
24-48VDC

<18 VA, <8 W
TFT 3.5" (320x240px)

96 x 96 mm
85 mm

313
10/12 (50/60Hz)

calculated

calculated
1/-

+0.2%

+0.5%

+10mHz
Class 0.5S
Class 0.5S

Micro SD card (=16GB)

(option)
1 dig. IN ; 2 dig. OUT
max. 4 modules

110-230V AC/130-230vV DC
110-200vV AC/DC
24-48V DG
<30 VA, <13 W

TFT 5.0 (800x480px)
144 x 144 mm
65.2 mm

Device handbook SINEAX AMx000

474
10/12 (50/60Hz); 1/2

measured / calculated

measured / calculated
= (incl. phase angle)
1/3

+0.1%

+0.2%

+10mHz
Class 0.2S
Class 0.2S

Micro SD card (=16GB)

<3min.
5/6 (pretrigger) +10/12

(standard)
(option)
(option)
(option)

1 dig. IN ; 2 dig. OUT
max. 4 modules

110-230V AC/130-230vV DC
110-200V AC/DC
24-48V DC
<30 VA, <13 W

TFT 5.0 (800x480px)
144 x 144 mm
65.2 mm
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3.3 Available measurement data

The SINEAX AM3000 provides measurements in the following subcategories:

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

b) Energy: Power mean-values with trend and history as well as energy meters. With the data logger
option “periodic data” mean-value progressions (load profiles) and periodic meter readings are

available as well.

¢) Harmonics: Total harmonic distortion THD/TDD, individual harmonics and their maximum values

d) Phasor diagram: Overview of all current and voltage phasors and phase sequence check

e) Waveform of current and voltage inputs

f) Events: State list of monitored alarms. With the data logger option also chronological lists of events
and alarms as well as operator events are available.

MEASURED VALUE GROUP
INSTANTANEQUS VALUES
U1, IMS, P, Q, S, PF LF QF ...
Angle between voltage phasors

Min/max of instantaneous values with time stamp

EXTENDED REACTIVE POWER ANALYSIS
Total reactive power, fundamental frequency, harmonics
cos®, tang of fundamental frequency with min values in all quadrants

HARMONICS ANALYSIS (ACCORDING TO EN 61 000-4-7)
Total harmonics content THD U/l and TDD |
Individual harmonics U/l up to 50"

IMBALANCE ANALYSIS

Symmetrical components (positive, negative, zero sequence system)
Imbalance (from symmetrical components)

Deviation from U/l mean value

ENERGY BALANCE ANALYSIS

Meters for the demand/supply of active/reactive power, high/low tariff,
meters with selectable fundamental variable

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

Mean value trends

OPERATING HOURS

3 operating hour counters with programmable running condition
(only AM1000/AM3000)

Operating hours of the device

Device handbook SINEAX AMx000

APPLICATION

Transparent monitoring of present system state
Fault detection, connection check, sense of rotation check

Determination of grid variable variance with time reference

Reactive power compensation

Verification of specified power factor

Evaluation of the thermic load of equipment
Analysis of system perturbation and consumer structure

Equipment overload protection
Fault/earth contact detection

Preparation of (internal) energy billing

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

Energy consumption trend analysis for load management

Monitoring of service and maintenance intervals of equipments
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4. Mechanical mounting
» The AM3000 is designed for panel mounting
Q

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

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

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.

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.

4.1 Panel cutout
AM2000 / AM3000 AM1000

138" min. 20 92+8

min. 20

138"
92*0,!

min. 20
min. 20

Dimensional drawings: See chapter 10

4.2 Panel mounting of the device

The device is suitable for panel widths up to 8mm (AM2000/AM3000) resp. 10mm (AM1000), below
shown for an AM2000/3000.

a) Slide the device into the cutout from
the outside. Orientation as shown.

b) From the side slide in the mounting
clamps into the intended openings and
pull them back about 2 mm

c) Tighten the fixation screws until the
device is tightly fixed with the panel
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4.3 Hat rail mounting AM1000

The AM1000 can be clipped onto a top-hat rail according to EN 60715, orientation as shown below.

Dimensional drawing
AM1000:
See section 10

The AM1000 with display for hat-rail
mounting can also be mounted that the front of
the device protrudes through a cut-out in the
enclosure. This way the operating buttons and
the display become accessible. With centric
mounting using the below maximum cut-out a
gap between enclosure and device results,
which does not exceed 2.5mm on each side.

101!

1011

4.4 Demounting of the device
The demounting of the device may be performed only if all connected wires are out of service. Remove all
plug-in terminals and all connections of the current and voltage inputs. Pay attention to the fact, that
current transformers must be shorten before removing the current connections to the device. Then
demount the device in the opposite order of mounting.
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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*!

1 [3J4aJ6J7[9oJw0]12 i R B N —13~]~14+
k | k | k | k | PE N L1 L2 L3 110-230V~
11 12 13 IN 50/60Hz
_e 3~ 690/400V (UL: 600/347V) 130-230V =
) 5A 50/60Hz, 300V CAT Il 50/60Hz, 600V CAT I 30VA
51] 52 [53 | « [ 55 [ 56 | 57 61]62 [63 | o [ 65 ]66 | 67
LZ__1 e Plud ] 4+ 3+ —| c |2+ 1+ -
B 1 & | % o 2o
AT 8 24 2] £0..20mA | & | £0..20mA
AM3000 11111731 0D " Nameplate of a AM3000 with
Ord.: 000/123456/123/001 CAMILLE BAUER L@m X O] _
Man: 15/ 33 Switzerland Micro-SD ﬂ MEASURING c € e Ethernet interface
MAC: 00:12:34:AE:00:97 ® o — e A

e Modbus/RTU interface
¢ 4 relay outputs

¢ 4 analog outputs

¢ Data logger

BoC, 2] o | 5308 1] £0..20mA | < 3;20"‘"
et et | el e =+ el gf- ar ar
47 ] 46 [ 45 | O [43 J42 [ 41 371 36 [35 | O [ 33 ]32]31
Ethernet Modbus DIN1 D OUT1 D OUT2
RJ45 RS-485 © e e
- + - + - +
AlB Jox 24123 22] 20 211 19
13 | 14J[d51 16 171 18|[CXT B [ A
Y0 +Or- | +C>-
100-230v =~||D OUT 1 [D OUT 2 Modbus Ethernet _
DC, 50/60Hz || - -€) + RS485 RJ45 Nameplate of a AM1000 with
18VA
DINT e Ethernet interface
AM1000-1113 01D ®= X « Modbus/RTU interface
Ord.: 000/123456/123/001 N/ A
Man: 15 /40 MEASURING c € f * 2 relay outputs
MAC: 00:12:34:1C:00:64 Py

e Data logger

250VAC / 2 250VAC/ 1
‘CAIVIILLE BAUER | ®ovBC.2A |_ & | sovoc.2a l—
Switzerland — 7 gi 7 Hint: For the device version with
26125 23|22 |21 display for hat-rail mounting the

)3~ 690/400V (UL: 600/347V) ) 5A 50/60Hz, 300V CAT Ili

nameplate is divided into three

50/60Hz, 600V CAT Il e 1 e plates
L1 L2 L3 N » 12 5
2 [ 5 [ 8 [ 11 1] 3]a]6]7]09
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Symbol | Meaning

Device may only be disposed of in a professional manner!

Double insulation, device of protection class 2

directives.

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

Products with this mark comply with both the Canadian (CSA) and the American
(UL) requirements.

Caution! General hazard point. Read the operating instructions.

General symbol: Input

General symbol: Output

CAT Il

Measurement category CAT llI

5.2 Terminal assignments of the I/0 extensions of AM2000/3000

Function Option 1 Option 2 Option 3 Option 4
1.1: 51,52,53 21: 61,62,63 4.1: 31,32,33
2 relay outputs
1.2: 55,56,57 2.2: 65,66,67 4.2; 35,36,37
1.1: 56(+), 57(-) | 2.1: 66(+), 67(-) | 3.1: 46(+), 47(-) | 4.1: 36(+), 37(-)
2 analog outputs
1.2: 55(+), 57(-) | 2.2: 65(+), 67(-) | 3.2: 45(+), 47(-) | 4.2: 35(+), 37(-)
1.1: 56(+), 57(-) | 2.1: 66(+), 67(-) | 3.1: 46(+), 47(-) | 4.1: 36(+), 37(-)
1.2: 55(+), 57(-) | 2.2: 65(+), 67(-) | 3.2: 45(+), 47(-) | 4.2: 35(+), 37(-)
4 analog outputs
1.3: 52(+), 53(-) | 2.3: 62(+), 63(-) | 3.3: 42(+), 43(-) | 4.3: 32(+), 33(-)
1.4: 51(+), 53(-) | 2.4: 61(+), 63(-) | 3.4: 41(+), 43(-) | 4.4: 31(+), 33(-)
1.1: 51(-), 53(+) | 2.1: 61(-), 63(+) | 3.1: 41(-), 43(+) | 4.1: 31(-), 33(+)
S ) 1.2: 52(-), 53(+) | 2.2: 62(-), 63(+) | 3.2: 42(-), 43(+) | 4.2: 32(-), 33(+)
4 digital inputs (active)
1.3: 55(-), 57(+) | 2.3: 65(-), 67(+) | 3.3: 45(-), 47(+) | 4.3: 35(-), 37(+)
1.4: 56(-), 57(+) | 2.4: 66(-), 67(+) | 3.4: 46(-), 47(+) | 4.4: 36(-), 37(+)
1.1: 51(+), 53(-) | 2.1: 61(+), 63(-) | 3.1: 41(+), 43(-) | 4.1: 31(+), 33(-)
S ] 1.2: 52(+), 53(-) | 2.2: 62(+), 63(-) | 3.2: 42(+), 43(-) | 4.2: 32(+), 33(-)
4 digital inputs (passive)
1.3: 55(+), 57(-) | 2.3: 65(+), 67(-) | 3.3: 45(+), 47(-) | 4.3: 35(+), 37(-)
1.4: 56(+), 57(-) | 2.4: 66(+), 67(-) | 3.4: 46(+), 47(-) | 4.4: 36(+), 37(-)
) 1.1: 52,53 2.1: 62,63 3.1: 42,43 4.1: 32,33
2 temperature inputs
1.2: 56,57 2.2: 66,67 3.2: 46,47 4.2: 36,37
PM 1000162 000 15 Device handbook SINEAX AMx000 12/118




5.3 Possible cross sections and tightening torques

Inputs L1(2), L2(5), L3(8), N(11), PE(16), 11(1-3), 12(4-6), 13(7-9), IN(10-12), power supply (13-14)

e 1x0,5...6.0mm? or 2x0,5...2.5mm?

Single wire
¢ 1x20 AWG...9 AWG or 2x20 AWG...14 AWG

e 1x0,5..4.0mm? or 2x0,5...2.5mm?

Multiwire with end splices
e 1x20 AWG...11 AWG or 2 x20 AWG...14 AWG

¢ 0.5...0.6Nm

Tightening torque
ightening torqu e 4.42...5.31 Ibfin

I/QO's, relays, RS485 connector (A, B, C/X)

e 1x0.5...2.5mm2 or 2x0.5... 1.0mm?

Single wire
e 1x20 AWG...14 AWG or 2 x 20 AWG...17 AWG

e 1x0.5...2.5mm2 or 2x0.5... 1.5mm?

Multiwire with end splices
e 1x20 AWG...14 AWG or 2 x 20 AWG...16 AWG

¢ 0.5...0.6Nm

Tightening torque
ightening torqu e 4.42..531Ibfin
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5.4 Inputs

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
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 transformers their secondary connectors must be short-circuited
during installation and before removing the device. Never open the secondary circuit under
load.

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

¢ AMS3000 only: 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

In order for the homopolar voltage to be
X measured, the item ,Measure homopolar
A voltage“ must be set to ,Yes* in the settings of
the measurement. This item is only available for
3-wire system types.

5A
(UL listed)

t] t] t]s [J1n[]1e

L2 L3 N PE
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Single-phase AC mains

PM 1000162 000 15

AM2000 / AM3000 AM1000
Direct connection Maximum permissible rated voltage 300V to ground!
L1 —
L1 L2 L3 N k| Myl 12 13
N |:|z 05 s |;|11 1 4 7
PE [ g
(Uleigted) []
5A
[] (UL listed)
|
1 3 4 6 7 9 10 12 [J1e [ |t|z s [ L1
" 2 3 IN T PE N L1 L2 L3
If current Iy or voltage Une does not need to be measured, connection N
of IN or PE can be omitted.
The connectors IN und PE are not available for the AM2000.
With current transformers
K L
L1
— L1 L2 L3 N k| Myl 12 13
) « ,_: , K . |__i_|z 05 s |;|11 1 7
e — o ]
i
: : (ULSIiQted) []
[ I 4
[ 5A
(UL listed)
K !
| = h
1 3 4 6 7 o 10 12 [J1e [ |jz s e L1 'K—_ v
" 12 13 IN PE N L1 L2 L3
If current Iy does not need to be measured, the corresponding N
transformer can be omitted. If voltage Une does not need to be
measured, connection of PE can be omitted.
The connectors IN und PE are not available for the AM2000.
With current and voltage transformers
L1 L2 L3 N K Nyl 12 13

=
i §

[] 5A
(UL listed)

|
6 7 o o [ iz |':|1s [n |'_L|z s s
i3 N PE N L1 L2 L3

If current Iy or voltage Une does not need to be measured, the
corresponding transformers can be omitted.

The connectors IN und PE are not available for the AM2000.

1 3 4
" 12

05 s |_'__|11 1

|:|2
|

5A
(UL listed)

u

L1

Device handbook SINEAX AMx000
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Three wire system, balanced load, phase shift

current measurement: L1, voltage measurement: L1-L2

AM2000 / AM3000

AM1000

Direct connection

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

L1 —
L2 L1 L2 L3 N « Myl 2 ¢! K| I3 gi
L3 |:|2 |:|5 e [ 1 4 6 7 9
[
5A
(UL listed) [] []
5A
[] [] (UL listed)
1 3 4 6 7 9 10 12 |:|1e O |':|z |'_L|5 s L1
1" 12 13 IN N2 13 L2
L3
With current transformers
K L
L1 —
|_z—k5I L1 L2 L3 N « Myl 2 ¢! K| I3 gi
L3 4 6 7 9

TR U

[

5A
(UL listed)

|:|2 |:|5 e [ 1 3
R

5A
(UL listed)

k I
Lo —
1 10 [ h2 |:|1s |:|11 |'_L|z |'_L|5 e L1 o o
" L2 L3 L2
L3
With current and voltage transformers
L1 —o —
. L1 L2 L3 N k[ My 12 g1 k| I3 y!
L3 : |:|z |_'__|5 s [On [t 3 [ 6 7 9
i ol v Ly
! —
: (ULSIi:ted) []
i,_ i mcimim i mimemm ML ]

5A
(UL listed)

L1

L2 L3

1 ﬂ E 10 [z |:|1a O |j2 |'_L|5 [T
1 bl

Y memmem 1
! k I
r 2
u v = h

L1 -

K L
L2
L3

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

Terminals 1 3 2 5 8
Current meas. via L2 12(k) | 12() | L2 | L3 -
Current meas. via L3 13(k) | 13() | L3 | L1 -

PM 1000162 000 15

Device handbook SINEAX AMx000

16/118




Three wire system, balanced load, phase shift

current measurement: L1, voltage measurement: L2-L3

AM2000 / AM3000

AM1000

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

L1 —
L2 L1 L2 L3 N %né. %ﬂél %lséll
L3 2 |_'__|5 |_'__|s [ 1 3 4 6 7 o
R
(Uleigled) [] []
(ULSIi:led) [] []
1 3 4 6 7 o 10 [ 12 |:|1e On e |'_L|5 |'_L|s L1
1" i 12 % i 13 % IN mom = L2
L3
With current transformers
L1 — o —
L2—k ; ; L1 L2 L3 N % I1é|| ll% IZI%I %B I%l
L3 H 2 |_'__|5 |_'__|s [ 1 3 4 6 7 9
! [
i
: (Uleils\led) [] []
i
wisea [ [l
k |
L
1 12 |:|1s [ |:|z |'_L|5 |'_L|s L1 -r=4
" % % % N L2 L3 K L
L2
L3
With current and voltage transformers
L1 —o ——
|_z—k_A!I 11 L2 L3 N %néu %lzéu %Bél
L3 : 2 |_'__|5 |:|s [ 1 3 4 6 7 9
E u v [
; u H v (Ulei‘s\ted) [] []
?t,_ e e i ————— — =
5A
(UL listed) [] [] u A
= .|
1 10 [ 12 |:|16 O e |'_L|5 |'_L|s L1 v v 7=
" % % N L1 L2 L3 L2 K L
L3
In case of current measurement via L2 or L3 connect the device according to the following table:
Terminals 1 3 2 5 8
Current meas. via L2 12(k) | 12(]) - L3 | L1
Current meas. via L3 13(k) | 13(1) - L1 | L2
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Three wire system, balanced load, phase shift

current measurement: L1, voltage measurement: L3-L1

AM2000 / AM3000 AM1000

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

L1 —

: . 5 5 6 o e e G0

—
[

5A
(UL listed)

5A
[] (UL listed)
1 3 4 6 7 9 10 [ 12 |:|1e O |':|z s |'_L|s L1
1" 12 13 IN Oom e L2

L3

With current transformers

K L
L1 — -

SThT . 5 5 6 & b5 B fee
I_I

; (Uleig(ed) [] []
[] (ULﬁi:«ed)
_E'k‘ :
1 E ﬂ Eu [Te [ |j2 s |'_L|s L1 - =
" N L2 L3 K L
L2
L3
With current and voltage transformers
H : : L1 " 12 13
2 E|2D5I:_|BD11$[%I£I%I£II%I
L3 : ’
R a ¢ witen ]
[ (UL-r:i/s\ted) v'_u :
r 3 I
v u =
-

1 10 [ 12 |:|1s (G |'_L|z s |'_L|s L1 ” v
" N L1 L2 L3 L2

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

Terminals 1 3 2 5 8
Current meas. via L2 12(k) | 120) | L2 | - | L1
Current meas. via L3 13(k) | 13(I) | L3 - L2
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Three wire system, balanced load, current measurement via L1

AM2000 / AM3000 AM1000

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

L1 —

; £ 65 "t B0 7

5A
(UL listed)

witea [ ]

1 3 4 6 7 o o [ 12 |:|1s |:|11 |:|2 |j5 |:|s L1
1" 12 13 IN 2 L2

L3
With current transformers
L1 — —t
Lz—k_'I L1 L2 L3 N k| Myl k| 12 gl k| I3 y!
L3 : |_'__|2 |:|5 |:|s |:|11 1 3 4 6 7 9
1 [ |
women [ [ I
wimen [ [ []
k ]
L9
1 12 |:|1s [ |'_L|z |'_L|5 8 L1 - =
13 Tul Lof Iwf = @ . -
L2
L3
With current and voltage transformers
L1 — —
L3 T
!
i
1 5A
! (UL listed)
r.__ .................................................. |
5A I
(UL listed) =

1 3 4 6 7 o 10 [ 12 |:|1e |:|11 |':|z |'_L|5 |'_L|s L1
" 12 13 IN 2 L2

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

Terminals 1 3 2 5 8
Current meas. via L2 12(k) | 1200 | L2 | L3 | L1
Current meas. via L3 13k) | 13(1) | L3 | L1 | L2

@]
D By rotating the voltage connections the measurements U12, U23 and U31 will be assigned interchanged!
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Four wire system, balanced load, current measurement via L1

AM2000 / AM3000 AM1000

Direct connection Maximum permissible rated voltage 300V to ground!

L1 —

L2
L3 L1 L2 L3 N k[ Myl k[ 12yl k[ I3 yI

y I_T|2 [0s [ |_T_|11 1 3 4 6 7 9

PE g

5A
(UL listed)

5A
[] (UL listed)
|
1 3 4 6 7 9 o [z [Je [n |':|2 s [s L1
" 2 13 N PE N L1 L2 L3 L2
A L3
If voltage Une does not need to be measured, connection of PE can N

be omitted. PE is not available for AM2000.

With current transformer

L1 — p—
Lo — - L1 L2 L3 N K| Myl K| 2¢1 K 13y
L3 , : ! |__'_|2 [0s [ |_T_|11 1 3 4 6 7 9
N i |
PE !
: 1UL5Ii:(ed) []
i
5A
[] (UL listed)
_ I
| T
L1 .
1 3 [Js [1s [J7 9 o [J12 [Jte [ |jz [Js [s L2 K -
" 2 13 IN PE N L1 L2 L3
L3
If voltage Une does not need to be measured, connection of PE can N
be omitted. PE is not available for AM2000.
With current and voltage transformers
L1 — o —
L2 k?l L1 L2 L3 N « WM |k§|2%| Kl 13 y!
Ls ; |;|z [0s [Js |_'__|11 1 3 4 6 7 9
N : | 4
PE : v u 5A ]
i (UL listed)
+- | !
= | i
[ 5A u " i
(UL listed) 1
5 9
| =
L1 -
1 3 4 6 7 o 10 [ 12 |j1e [ |'_L|2 [Os [s L2 K L
" 12 3 IN PE N L1 L2 L3
L3
N

If voltage Une does not need to be measured, the corresponding
transformer can be omitted. PE is not available for AM2000.

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

Terminals 1 3 2 11
Current meas. via L2 12(k) | 120) | L2 | N
Current meas. via L3 13(k) | 13() | L3 N
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Three wire system, unbalanced load

AM2000 / AM3000

AM1000

Direct connection

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

L1 —
L2

L3

L1 L2 L3 N k| Myl k| 12y

k| 13 i

fed

?2 ?5 ?3 Cn 1 3 4 6

PM 1000162 000 15

(Ulei/s\ted) ] [] []
(Ulei:ted) ] [] []
N L
1 3 [[]4 6 7 o 1o [J12 e [n |jz |j5 |'_L|s
1" 1 13 N PE N L1 L2 13 L2
L3
With current transformers
L1 —o —
L2—kgl—§-_L L1 L2 L3 N k| Myl k| 12yl « |3%|
K L
Ls ; k_._| f— |_'__|2 |_'__|5 |_'__|a [ 1 3 4 6 7 o
i i —
1 1 k(T 1
! ! !
5A
: : : (UL listed) ] [] []
Lo_j-.—d 3._,.._,__i
i - b= —afomed -1
] N =
(Ulei:ted) ] [] [] i : : )
i) v i
L T
1 3 4 6 7 ] 10 [z [e [n |j2 |j5 |'_L|3 u K L 1k |
1 12 13 IN PE N L1 L2 L3 L2  —-
L3 .o
K L
With current and voltage transformers
L1 — —
LZ—%L L1 L2 L3 N k| Myl k| 12yl k| I3 yiI
L3 . : ' - | — |_'__|2 |_'__|5 |_'__|a On [ 3 4 6 7 o
i i —
: : T u fu fu
i i i (Ule‘At d)
i i ! X X X T iste
o — S N 5 S A i M P
» - - oo T ....... _.i, ....... _l. ...... _._l_
(UL listed) = ! H !
L ' !
[ | S R ]
1 3 4 6 7 o o [z [Je [ |'_L|z |'_L|5 |'_L|s t ﬁ ik |
1" 12 13 IN b = L2  —-
L3 H
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Three wire system, unbalanced load, Aron connection

AM2000 / AM3000

AM1000

Direct connection

Maximum permissible rated voltag

e 300V to ground (520V ph-ph)!

L1 —

L2

L3

(Uleils\ted) ] []

Il

10 12 [J1e
" 12 13 IN PE

||
O [ O [

|
8
N L1 L2 L3

L1 L2 L3 N k| Myl k[ 12yl

k[ 13 !

fed

|?2 |?5 ?s Cn 1 3 4 6
(Uleils\ted) ] [] []

L1

L2

L3

With current transformers

K L
L1 — -
L — -
kT 1 K L
L3 i —
i —
1 kY 1
] 1
i 1
i i
T <+

el
(UL listed)

Il

1 3 4 6 7 9 10 [Tz [Jie
" 12 13 IN BE

[ |
O |jz |'_L|5 |'_L|s

N L1 L2 L3

L1 L2 L3 N k[ Myl k[ 12yl

k[ 13 !

fed

==
wimea I 0 [0

e P IO
i i 1
i i
ik 1 i
o i

L1 o~ L
K L I'l; 1

L2

L3 ?-T_

With current and voltage transformers

PM 1000162 000 15

5A
(UL listed)

i 12 13 IN N ou

[ 1 |
i o [hz [Jte [ |jz ms Ua
PE

L2 L3

Device handbook SINEAX AMx000
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Four wire system, unbalanced load

AM2000 / AM3000

AM1000

Direct connection Maximum permissible rated volta

ge 300V to ground (520V ph-ph)!

L1 —

L2

L3 %

PE

0 0 0w

|
8
1" 12 13 IN L2 13

|
1 3 4 6 7 o o [J12 [J1e [ |':|2 |':|5 |j
PE N L1

If current Iy or voltage Une does not need to be measured,
connection of IN or PE can be omitted.

The connectors IN und PE are not available for the AM2000.

L1 L2 L3 N k| Myl k[ 12yl k[ I3 y!

|:|z |:|5 |:|s (I 1 3 4 6 7 9
[

Il

(WL et [] []

L1

L2

L3

With current transformers

K L
L1 —- -
L2

k

L3
N

PE

=
i
T
i
i
1
i
i

L.—

k| Myl k[ 1291 k[ I3 y!

L1 L2 L3 N
|_T_|z |_T_|5 |_T_|a [n 1 3 4 6 7 o
R

wiveo I 1 1]

on =t b —pfomd] )
[] [] [] (UL listed) i ] : =
iK] 1 : i
| - i
1 3 4 6 7 9 o [J12 [Jte [n |':|2 |':|5 |':|s L1 K-—:ﬁﬁl :k X
I 12 13 IN PE N L1 L2 L3 L2 ﬁ
L3 o- S
If current Iy does not need to be measured, the corresponding N « t
transformer can be omitted. If voltage Une does not need to be
measured, connection of PE can be omitted.
The connectors IN und PE are not available for the AM2000.
With current and voltage transformers
L1 L2 L3 N k| Myl k| 12y k| I3 y!
|_T_|z |_T_|5 |_T_|s (L 1 3 4 6 7 9
; X |
u u u 5A
(UL listed)
!x !x !x_f u u u
[] [] [] (UL listed) = i ; i
3 [ i
| | | » u u u — :_l& 1 :
1 3 4 6 7 9 [10 12 [ [t |':|z |':|5 |'_L|s ?-:_ﬁ ik 1
" 12 13 IN PE N L1 L2 L3 L2 - I —
L3 o -0
If current Iy does not need to be measured, the corresponding N
transformer can be omitted. IN is not available for the AM2000.
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Four wire system, unbalanced load, Open-Y

AM2000 / AM3000 AM1000
Direct connection Maximum permissible rated voltage 300V to ground (520V ph-ph)!
L1 —
L2 L1 L2 L3 Nk|1lk£|2%lkl3l
L3 |:_|2 s |:_|a (I 1 3 4 6 7 o
N X —
PE
(Ulei‘s\ted) ] []
[] (ULSIi:ted) []
| |
1 3 4 6 7 o 10 2 [Jre [ |':|2 s |':|s L1
1" 12 13 N T- PE N L1 L2 L3 L2
L3
If current Iy or voltage Une does not need to be measured, N
connection of IN or PE can be omitted.
The connectors IN und PE are not available for the AM2000.
With current transformers
L1 —o m—
Lz—kgl—!’(-_kK N L1 L2 L3 N k| Myl k| 129l k| I3 yiI
L3 ; = - — |_T_|z s |_T_|s [n 1 3 4 6 7 o
N [ i _——
PE : : : kT ! 5A
i i i i (UL listed) [] []
[ E— I R _i_._ ..... i
I e —efmem .
[] (ULSIi:!ed) ] : i : -L—
! i !
1K) [ i
| | h :.k !
1 3 4 6 7 o 10 2 [Jre [ |':|2 s |':|a L1 ﬁ :k .
" 12 13 IN PE N L1 L2 L3 L2 .K_-:—"E
L3 o S
If current Iy does not need to be measured, the corresponding N
transformer can be omitted. If voltage Une does not need to be
measured, connection of PE can be omitted.
The connectors IN und PE are not available for the AM2000.
With current and voltage transformers
K L
L1 —- —
P J—" L1 L2 L3 N « Hyl & 2yl K I3yt
S et 1
L3 ! k’] 5_L % ?2 s |:_|a [ 1 3 4 6 7 o
N : k_.T < —
i i ! !u !u
: : : : X « ‘_T' (Ulei‘s\ted)
O P - O 0 S S O, ix_i;- v Qv
" “ . X X ,.._7_ EIET TS = EES TEX S SR ..J._
M 1 =
[] (UL Vst [] = Bl & i : i B
1K) [ i
L e N
1 3 4 6 7 o 12 e |'_L|11 |':|2 s |js 'K_-‘I:_E '.;; 1
1" 12 13 IN PE N L1 12 L3 L2 So— : —
L3 o S0
If current Iy does not need to be measured, the corresponding N
transformer can be omitted. IN is not available for the AM2000.
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Split-phase ("two phase system"), unbalanced load

AM2000 / AM3000 AM1000
Direct connection Maximum permissible rated voltage 300V to ground (600V ph-ph)!
L1 —
L2 L1 L2 L3 N k| Myl k| 12yl k| I3 yi!
|;|z |;|5 s [ 1 3 4 6 7 9
N [
PE
5A
(UL listed) [] []
5A
[] [] (UL listed)
|
1 3 4 6 7 9 o [ 12 [Jte [t |:|2 |'_L|s s L1
" 12 13 IN T PE N L1 L2 L3
L2
If current Iy or voltage Une does not need to be measured, N
connection of IN or PE can be omitted.
The connectors IN und PE are not available for the AM2000
With current transformers
L1 — m—
K
|_z—k,.!l—o-—L L1 L2 L3 N k| Myl K 12yl k| I3 y!
; k’] |:|2 |:|5 s [ 1 3 4 6 7 9
K L
N i : < m— ]
P i ! ke 5A
i i 1 (UL listed) [] []
Lo =4 i_ ................ L1
[] [] o T _I, _____ -1
i !
- DR
1 3 4 6 7 9 o [Tz [Jte [t |'_L|2 |'_L|5 s L1 = i !
1" 12 13 IN T PE N L1 L2 L3 K |
L2 K-T.
If current Iy does not need to be measured, the corresponding N
transformer can be omitted. If voltage Une does not need to be
measured, connection of PE can be omitted.
The connectors IN und PE are not available for the AM2000
With current and voltage transformers
K L
A . 11 2 13 N g g $iBy
L2 — =g = (12 |;|5 s 1 [ 3 [Ja [Js [I7 9
i kT ! K L
N L L -
! ! —
! ! - u VoooV u 5A
i i k i ! il'h (UL listed)
: | E ) Il
Lo d i_ ................ I U I, " u
5A
] (UL listed)
| .
1 3 4 6 7 9 o [Tz [e [ |':|z |'_L|5 s L
" 12 3 N T PE N L1 L2 L3 L2
N
If current Iy does not need to be measured, the corresponding
transformer can be omitted. IN is not available for the AM2000.
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 Power supply
f 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.

5.6 Relays

When the device is switched off the relay contacts are de-energized, but dangerous
voltages may be present.

Relays are available for device versions with corresponding I/O extensions only.

AM1000
g0ucs, (2] 5 | zomcs, L1
7| §lLL—a&
27 | 26 | 25 23 | 22 | 21
AM2000/AM3000
Option y X x1 1 x2 [ x3 | = [ x5 [ x6 | x7
1 5 |_,z_| c %Z_l
> 6 250VAC / 2 | 250VAC/
30VDC, 2A IT 8 [ 30vDC2A 5
4 3 o

5.7 Digital inputs
The device provides a standard passive digital input. In addition, depending on the device version, there
may be 4-channel passive or active digital input modules available.
Usage of the standard digital input
» Status input
» Meter tariff switching

Usage of the inputs of the optional input modules

» Counting input for pulses of meters for any kind of energy (pulse width 70...250ms)
» Operating feedback of loads for operating time counters

» Trigger and release signal for monitoring functions

Passive inputs (external power supply with 12 / 24 VVDC required)

Q
D The power supply shall not exceed 30V DC!

AM1000
15116 117118 D IN passive (S0) D IN passive (S0)
B C il RiCadn 5
D OUT 1 |D OUT 2 S
oy - 4+ 3+ | a| - 2+ 1+
- o]
DINT 271 26 | 25 23 | 22 | 21
Technical data
@ @ Input current <7,0mA
+
Logical ZERO -3upto+5V
T 1516 Logical ONE 8 upto30V
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AM2000/AM3000

x1 | x2 [ x3 | . [ x5 | x6 | x7 .
D'IN1 1+ 2+ - | e | 3+ 4+ - Optiony X
S | "o
- +* i ‘a i) 1 5
53] 23 D IN passive o] D IN passive 5 5
3 4
Technical data
4 3
* 2_4 2_3 Input current <7,0mA
SN Logical ZERO -3 upto+5V
Logical ONE 8upto30V
Active inputs (no external power supply required)
AM1000
D IN active (S0) c D IN active (S0O)
S |®
+ 4 3-|B| + 2o 1-
71212 | ° B[22
Example with meter pulse and status inputs
27 26 25 23 2221 Technical data
@ @ @ @ @ ﬁ acc. EN62053-31, class B
0000563 N
— _ = Open circuit voltage <15V
--’7“:"-‘13’ Short circuit current < 15 mA
Sgggai - Current at Ron=800Q =2 mA
520
Ls
AM2000/AM3000
x1 I x2 | x3 | = [ x5 | x6 | x7 Option y x
- 2- + | e |3 4 + 1 5
= o .
DIN active (S0) | © | DIN active (S0) 3 4
4 3

Example with meter pulse and status inputs

HEH HEE

Technical data

T x1 x2 x3 x5 xB6 x7 acc. EN62053-31, class B
g T Open circuit voltage <15V
i Short circuit current <15 mA

\.v

o

Current at Ron=800Q =2 mA
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5.8 Digital outputs
The device has two standard digital outputs for which an external 12 / 24 VDC power supply is required.

@)
D The power supply shall not exceed 30V DC!

15116 [ 171 18

+Or- | +O>- D OUT1 DOUT2

DOUT1 [DOUT?2 G" (€22

- -@1- - + - +

DIN1 221 20 | 21] 19
AM1000 AM2000/AM3000

Usage as digital output

» Alarm output
» State reporting
» Pulse output to an external counter (acc. EN62053-31)

» Remote controlled output
IN S
400063 Iilazkn” 22 20 21 19 Eﬂ{]l

AM1000 coM Cj’ @ @ @ a (j’
| L |

— i

IN®
AM2000/AM3000 ] Ijzzkn” 22 20 21 19 Rel. {1

const— 1y E@QE‘L qa

S

1) Recommended if input impedance of counter > 100 kQ

Driving a counter mechanism Driving a relay

The width of the energy pulses can be selected within a Rated current 50 mA (60 mA max.)
range of 30 up to 250ms, but have to be adapted to the Switching freq. (S0) <20 Hz

external counter mechanism. Leakage current 0,01 mA

Electro mechanical meters typically need a pulse width of Voltage drop <3V

50...100ms.

Electronic meters are partly capable to detect pulses in the
kHz range. There are two types: NPN (active negative edge)
and PNP (active positive edge). For this device a PNP is
required. The pulse width has to be = 30ms (acc. EN62053-
31). The delay between two pulses has to be at least the
pulse width. The smaller the pulse width, the higher the
sensitivity to disturbances.

inn_finn_finnn_fin

(s]
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5.9 Analog outputs
Analog outputs are available for devices with corresponding I/O extensions only. See nameplate. Analog

outputs may be remote controlled.

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.
AM1000 AM2000/AM3000
+0...20mA - [E0---20mA x1] x2 | x8 | = [ x5 | x6 | x7
C» s |G 4+ 3+ —|c[2+ 1+ ~—
— 4 ox|la | = 3F &= (€ % or
A FAFA R Fa A £0.20mA | O | £0..20mA

T

===

ol

s O M+
O M-

+

HEH BHO J0d HEH
27 26 25 23 22 21 x1 x2 x3 x5 %6 x7
Optiony X
1 5
2 6
3 4
4 3

5.10 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.

+33/45V ¢

o RS485 Bus
_¢. - RuTxtA A R
‘{ H L RaTx-B
I T
al \/ V
GND _i_
MASTER 1)
A B CX A B CX A B CKX
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).
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The signal wires (A, B) have to be twisted. GND (C/X) can be connected via a wire or via the cable
screen. 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. A proper operation requires that all devices
connected to the bus have equal communication settings (baud rate, transmission format) and unique
Modbus addresses.

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

Each fault current module provides two channels for monitoring differential or fault currents in earthed
AC current systems. In any case, measurement has to be performed via suitable current transformers; a
direct measurement is not possible. The module is not suited for monitoring operating currents of normally

live conductors (L1, L2, L3, N).

Measurement ranges
Each channel provides two measurement ranges:

a) Measurement range 1A
e Application: Direct measurement of a fault or earth wire current

e Meas. transformer: Current transformer 1/1 up to 1000/1A; 0.2 up to 1.5VA,;
Instrument security factor FS5

b) Measurement range 2mA
e Application: Residual current monitoring (RCM)
o Meas. transformer: Residual current transformer 500/1 up to 1000/1A
Rated burden 100 Q /0.025 VA up to 200 Q /0.06 VA

Use only transformers intended for this application, according to our current transformer

A catalog, or transformers that fulfill the above specification. Using transformers with
divergent specifications may damage the measurement inputs.

AM1000 AM2000/AM3000

©1> [2]|®1> [1] x1 | x2 [ x3 | >[ x5 [ x6 [x7
(50/60 Hz) S | (50/60 Hz) TA 2mA COM| § [TA 2mA COM

COM 2mA 1A | § [COM 2mA 1A © 1> 2|0 1>
27 [ 26 [ 25 23 [ 22 [ 21 (50/60 Hz) [ 1 | © [(50/60 Hz) | 2

Optiony X

1 5

2 6

3 4

4 3

The current transformers 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.

Only one measurement range may be connected per measuring channel!

The COM connectors of both measurement channels are internally connected.

For 2mA inputs a connection monitoring (breakage) is implemented. An alarm state is
signaled for the respective measurement channels if either the current transformer is
disconnected or the connection to the transformer is interrupted.

> BB P
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L1 .
| K L
L2 .
kP [ . ¥ L K (P1) L2
L3 T o= ; .
N i i K L <<%
‘ ' X ﬂ| ' . K(Pﬂﬁ L (P2)
PE = § IS PR N W— —— s ——e— Y — s | — . — —] . c— el s c—— a—
| | | kT 1 k(s1)| [1(s2)
| | | | k(SnHI(SZ)
L____j____i_____ﬁ____.__ _____ JU DU SNSRI I S e
5A
(UL listed)

[ ]
]

1 3 4 6 7 9 10 [12 [_|1e|_|11]l|z ]Ls |_\|s [_|_] J]
\I‘ " \T‘ \Il |2 I# II‘ |3 \T‘ \IIIN ITI PE N L1 L2 L3 A 2mA CDMl > 1A 2mA COM

Example: Fault current monitoring in a TNS system
Hint: The connections IN and PE of the device are available for the AM3000 only.

Hints

(1)

()

(3)

(7)

If the current transformers for the fault current detection needs to be grounded on the secondary
side this has to be done via the COM connector.

Note that all conductors have to pass through the opening of the
residual current transformer in the same direction.

A possible fault current flows through the protective
earth conductor (PE). It can only be detected if the PE
conductor is not routed through the residual current
transformer. If this cannot be avoided, e.g. due to using
a multi-wire cable with all conductors, the PE conductor
must be returned through the transformer.

The cable or individual conductors should be routed through the
transformer as centered as possible in order to minimize
measurement errors.

Neither the current transformers nor the measurement leads should be mounted or installed close to
strong magnetic fields. Measurement lines should also not be laid in parallel to power lines.

For measurement range 1A only: The rated output of the transformer must be chosen that it is
reached when the rated secondary current (1A) flows. Consider that the burden of the transformer is
not only made up by the burden of the measurement input, but also by the resistance of the
measurement lines and the self-consumption of the transformer (copper losses).
» A rated output selected too low leads to saturation losses in the transformer. The secondary
rated current can no longer be reached as the transformer reaches its limits before.

» A rated output selected too high or an exceeding instrument security factor (>FS5) may cause
damage to the measuring inputs in case of overload.
For the connection of the transformer to the fault detection module use ...
» Conductor cross sections of 1.0 up to 2.5mm? (16-14 AWG)
» Pairwise twisted conductors in case of short cable lengths

» Shielded cables (shield grounded on one side only) in disturbed environment or in case of long
cable lengths
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5.12 Temperature inputs
Each temperature module provides two channels for temperature monitoring. They can be used in two
ways:

a) Temperature measurement via Pt100 sensor
o Measurement range: -50 up to 250°C
¢ 2 configurable alarm limits
e Configurable alarm delay time for ON / OFF
¢ Short circuit and wire / sensor breakage monitoring

b) Temperature monitoring with PTC sensors
¢ Monitoring the PTC response temperature
e Short circuit monitoring
o Serial connection of up to 6 single sensors or up to 2 triplet sensors

AM1000 AM2000/AM3000
EEI:IC[:JO 2] . Et#go [1] x1 [x2[x3 ] =[x5]x6[x7
2 944 L|I|I FELL
044 | 5| [CZho4 Pt100 2 |Pt100
27 [ 26 | 25 23 [22 [ 21 PTC [1]° [pTC [2]
Optiony X
1 5
2 6
3 4
4 3

5.13 Uninterruptible power supply (UPS), AM3000 only

The battery pack for the 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. Outside this operating temperature range, it is not ensured that the battery pack is
recharged.

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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5.14 GPS time synchronization

The optional GPS connection module serves for connecting a GPS receiver as a very accurate time
synchronization source for the measurement device. The GPS receiver, available as an accessory, is
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.

provided by the user.

Z If lightning protection is required, this must be

1.65 inches [42 mm]

Mounting the GPS receiver

e The GPS receiver Garmin GPS 16x-LVS i
can be flush mounted by means of 3 M4 ‘ } =
SCrews. 120 Degrees

oo (e M4 Thread

e 120° distribution over a circle of 271.6mm

- 3.58 inches [91 mm]

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

2.4 inches [62 mm] —o|
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Connecting the GPS receiver

Never connect the RJ45 connector of the connecting cable
directly to a network device such as a router or switch. These
devices could be damaged.

The GPS receiver is plugged directly into the GPS connection module. 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.

Commissioning
¢ In the settings menu change time synchronization to ,NTP server / GPS*
e Check the time synchronization status

> Service > Device information > Device state

LINTEITACES -——-—-mmmmm e o e e e -

Min/max values reset Device version o
1) ethe
MAC: 88:12:34:1A:00:85

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

. : - Speed: 186Mb/s

Operating hours DEvIcE state IP address: 192.168.62.142  [static]
Broadcast addr.: 192.168.63.255 [static]

Device information Subnet mask: 255.255.248.0 [static]
Gateway addr.: 192.168.56.4 [static]

Factory reset
Name SERVERS === e e e e

DNS server 1: 192.168.56.55 [static]

Firmware update

Time SOUrces ———--—-----—————————————\-———~-

P Source 1: pool.ntp.org
C tion Test:
OmmUNICATian Tests Source 2: Local clock
Source 3: GPS

Device reboot

IR RNy —————————————————————
synchronised to GPS at stratum 1

time correct to within 1 ms

polling server every 16 s

GRS Status) ===

Number of satellites: 64
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.
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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.

AM1000
/5
[
13 | 14][15 116 171 18][CXI B I A
¥F»Ox +O»- | + -
100-230v =~||DOUT 1 |[DOUT 2 Modbus Ethernet
DC, 50/60Hz || 2”26 % RS485 RJ45
18VA DIN1
AM1000-1113 01D
Ord.: 000/123456/123/001 c@us g @

Man: 15/ 40 T c € —
MAC: 00:12:34:1C:00:64 1 /6 R A A
250VAC’/ Ii c 250VAC/ |l
Acrniepaer | Bocn B s | Snn
Switzerland 7 8
27 26 [ 25 B[22

)3~ 690/400V (UL: 600/347V)
50/60Hz, CAT Il

-© 5A 50/60Hz, 300V CAT IIl

k | k | k |
L1 L2 L3 1 12 13
2 | 5 | 8 [ 11 113|467 ]09
/I /l
4 4 I
1 [3JaTe 791012 6 [ 11 ] 2 ] 5 [ 8 3~ [~14x
k | k | k | k | PE N L1 L2 L3 110-230V~
" 12 13 IN 50/60Hz
‘E) 3~ 690/400V (UL: 600/347V) 130-230V ==
) 5A 50/60Hz, 300V CAT Il 50/60Hz, 600V CAT Il 30VA
5152153 ]~ [55]56 [ 57 61162163 | o [[65166] 67
I J— c — 4+ 3+ —| e [2+ 1+ —
B 3 | B o 4y
A1) S A 2 £0.20mA | O [0..20mA
AM3000 -1111 1131 0D @
Ord.: 000/123456/123/001 CAMILLE BAUER :@u )4
Man: 15/ 33 Switzerland Micro SD. MEASURING c €
MAC: 00:12:34:AE:00:97 \ & o =il e A
Bk 2 o [ 506 [ 2] < [ 2
—r |§ | = T~ — 4+ 2e| 2= 3+ as
a7 46 [45 | O [43 42 [ 41 3736 [35 ] O [ 33 [32 31
Ethernet Modbus D IN1 D OUT1 D OUT2
RJ45 RS-485 © G+ (€24
- + - + - +
AT B JCIX 24123 22] 20T 211 19
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-») Measurement input

Input voltage
Input current
System frequency

Serial number

Test and conformity marks
Assighment voltage inputs
Assignment current inputs
Assighment power supply

Load capacity relay outputs

») Measurement input

Input voltage
Input current
System frequency

1 Works no.

Test and conformity marks
Assignment voltage inputs
Assignment current inputs

Assignment power supply

o o0 A~ WN

Load capacity relay outputs
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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)
may be activated. In this case, 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 Operating LED of AM1000 without display

137 14)[45T 16171 18}[cx] B | A |

F+O x| +@+»- | +O+-||Modbus RS485
100-230v »=|| D QUT 1 |DOUT 2 Ethernet

DC, 50/60Hz ||~
S “ ";@1 + @ C RJ45

AM1000-1111 00D G
Ord - 000/123456/123/001 & °®"’ E @

Man: 20/ 49 NLB: XXXX e N

The operating LED of the AM1000 without display shows the present device state.

Procedure LED display

Booting of device o Flashes green (1 Hz)
o If successful: Change to static green display

Firmware update ¢ Change to update mode: Static red
e During update: Flashes red (1 Hz)
o If successful or cancelled: Booting of device

Factory reset or reset of communication | e During reset: Flashes red (1 Hz)
settings e Then (for a factory reset): Booting of device

6.3 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.

Phase Sequence a

13.02.2018 12:39

Possible results

Correct sense of rotation

! A ' Wrong sense of rotation

Current

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.

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

50V/div  20A/div

Correct installation (expectation)

* Voltage sequence in clock-wise order
L1-> L2 ->L3(0° > -120° > 120°)

e Current sequence in clock-wise order
L1>1L2->1L3

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

50V/div  20A/div

What’s wrong?

* \oltage sequence: L1 > > L3

e 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,

230.70 v
-119.99

85.97 86.02 85.86 A
-22.9 98.3 -140.0

0.921 0145 0766 PF

50V/div  20A/div

What’s wrong?

e \oltage sequence: L1> L3 >
interchanged

e Current sequence: L1 > > L3

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

; L3 and L2 seems to be

Required correction
Exchanging the connections of the voltages L2 and L3

230,68 %
119.99

85.97 86.04 85.86 A
229 816 1400

0.921 0.145 0.766 PF

50V/div  20A/div

What’s wrong?

e \oltage sequence: L1> L3 >
exchanged

e Current sequence: L1> L3 >
expected sequence

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

; L3 and L2 seems to be

; Current L2 is out of the

Required correction
Exchanging the connections of the voltages L2 and L3 and
reversing the polarity of the current input I,

230.58 v
119.98
85.96 86.00 85.86 A
1430 1416 -140.0

0798 0784 0766 FF

50V/div

20A/div

What’s wrong?

* \oltage sequence: L1 > > L3

e Current sequence: L3 > L1 >

e Angle U-I: The U-l angles do not correspond to the
expectation, but are similar

Required correction

Cyclical exchange of the voltage connections: L1->L3,
L2->L1, L3->L2. As an alternative the sequence of all
currents may be changed as well (more effort required).
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6.4 Ethernet installation
6.4.1 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/v6
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 Ethernet interfaces with different default IPv4

addresses.
Interface | Application Default IPv4 Settings via menu
Standard Configuration / Modbus TCP | 192.168.1.101 Settings | Communication | Ethernet
IEC 61850 | IEC61850 communication 192.168.1.111 Settings | IEC61850 | Ethernet
PROFINET | PROFINET communication 0.0.0.0 (exclusively via control system)

IPv6 communication

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

Interface | Application Default IPv6 Settings via menu

Standard Configuration / Modbus TCP | fd2d:bb44:97f1:3976::1 | Settings | Communication | Ethernet
IEC 61850 | IEC61850 communication fd2d:bb44:97f1:3976::B | Settings | IEC61850 | Ethernet
PROFINET | PROFINET communication 0::0 (exclusively via control system)

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

Defines how many devices are directly addressable in the IPv4 network. This

* IPv4: Subnet mask setting is equal for all the devices. Examples

Is used to resolve addresses during communication between different networks. It

* IPv4/6: Gateway address should contain a valid address within the directly addressable network

Is used to resolve a domain name into an address, if e.g. a name (pool.ntp.org) is

* IPv4/6: DNS-Server x used for the NTP server. Further information

Is comparable to the subnet mask in IPv4 networks; it is the number of the leftmost

* IPv6: Prefix length bits of the site prefix which need to be identical for direct communication.

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.

¢ Hostname

e NTP-Server x NTP servers are used as base for time synchronization
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IPv4: Mode

IPv4: IP address 192.168.62.25

Subnet mask 255.255.248.0

IPv4: Gateway address 192.168.56.5

IPv4: DNS server 1 192.168.56.55

IPv4: DNS server 2 192.168.56.155

IPv6: Mode

IPv6: IP address fd2d:bb44:97F1:30976:3

IP address 192.168.62.103
IPv6: Prefix length

Subnet mask 255.255.248.0
IPv6: Gateway address fd2d:bb44:97f1:3976:5:1

Gateway address 192.168.56.5
IPv6: DNS server 1
DNS server 1 192.168.56.55

IPv6: DNS server 2
DNS server 2 192.168.56.155

Host name PQ5000Exxxxx
Host name PQ5000-IEC61850-RR

Clock synchronization NTP server / GPS Clock synchronization

NTP server 1 pool.ntp.org NTP server 1

NTP server 2

NTP server 2

Network settings of Standard 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 111111171 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

IP address 192.168. 57. 64 11000000 10101000 00111001 01000000

Subnet mask 255.255.252. 0 11111111 11111111 11111100 0O0O0O0OOOO
variable range XX XXXXXXXX

First address 192.168. 56. O 11000000 10101000 00111000 000O0OOOO

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
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IPv4: Mode >> DHCP

If a DHCP server is available, alternatively the mode ,DHCP* or ,DHCP, addresses only“ can be
selected for the Standard interface. 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.

Maln menu 21.04.2019 14:53

] Harmonics Service 21.04.2019 14:56

[m | Min/max values reset D . " f t_ | a
[ oo evice Intformation
@ Waveform 16.02.2016 12:45

A
| A7 Events I | i i i o
= — Logger values reset Device version  Deyjce state 12022018 1427
| [E] Pa statistic | Operating hours Device license L

Device information

[767 settinas (_radan 6912 :34:1D:60 4B
| Factory reset e

v

net m
sateway ad

Depending on the settings of the DHCP server the provided IP address can change on each
D 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 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.

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.
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6.4.2 Connection of the standard interface

The standard RJ45 connector serves for direct connecting an Ethernet cable.
* Interface: RJ45 connector, Ethernet 100BaseTX
* Mode: 10/100 MBit/s, full / half duplex, Auto-negotiation
* Protocols: http, https, Modbus/TCP, NTP

Functionality of the LED's
AM1000 AM2000 / AM3000

e LED right: Switched on as soon as a network connection exists (link)
e LED left: Flashes during communication with the device (activity)

6.4.3 Connection of the IEC61850 interface

The RJ45 sockets X1 and X2 serve for direct connecting Ethernet cables. 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

Functionality of the LED's
AM1000 AM2000 / AM3000

e LED green: On if a network connection (link) exists, flashes during communication

6.4.4 Connection of the PROFINET interface

The RJ45 sockets X1 and X2 serve for direct connecting Ethernet cables. Both ports are equivalent and
internally connected via a switch.

Note: The interface may only be connected to a local Profinet network, which is designed as SELYV circuit
according to IEC 60950-1.

= Interface: RJ45 sockets, Ethernet 100BaseTX
* Mode: 10/100 MBit/s, full / half duplex, auto-negotiation
* Protocols: PROFINET, LLDP, SNMP
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Functionality of the LED's
AM1000 AM2000 / AM3000

LED State Meaning
OFF No network connection
X1 green ON Existing network connection
X2 green
Flashing Active communication
. OFF No error
Red left - - :
BF (Bus failure) ON No configuration, slow or no link
Flashing (2 Hz) No data exchange
) OFF No error
zlid(srl)?srltem failure) ON Watchdog timeout, diagnosis active; System failure
Flashing (1 Hz, 3s) DCP signal service via bus initiated

6.4.5 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.

AM1000 AM2000 / AM3000

Standard Ethernet interface

Ord.: 000/123456/123/001 Ord.. 000/123456/123/001 4 CA
Man: 15/ 40 Man: 15/ 33

MAC: 00:12:34:1A:00:97
MAC: 00:12:34:1C:00:64

IEC61850 Ethernet interface

MAC: 00:12:34:21:00:7C X1 IEC 61850 X2

X2 IEC 61850 X1 MAC: 00:12:34:21:00:7C

PROFINET Ethernet interface
Typically, for a PROFINET device 3 MAC addresses are required:
e Chassis MAC: as given on the nameplate

e Port connector X1: Chassis MAC + 2
e Port connector X2: Chassis MAC + 1

MAC: 00:12:34:22:00:0C X1 PROFINET X2

X2 PROFINET X1 MAC: 00:12:34:22:00:0C
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6.4.6 Resetting the communication settings of an AM1000 without display

If the communication settings of the Standard interface are no longer known, on devices with a display
these settings may be locally displayed and modified. For devices without display this is not possible. The
communication settings can then be reset to default settings via the reset button.

131 14

cix| B | A

740>
100230V =
DC, 50/80Hz
18VA

+
|pourt2

Modbus RS485

Ethernet
RJ45

AM1000-1111 00D
Ord.: 000/123456/123/001
Man: 20 /49 NLB: XXXX

B ®-Z0

6.5 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.

Press the sunk-in reset button (located on the
left of the operating LED) for at least 3s. For
that the nameplate needs to be penetrated.
During the reset the operating LED flashes red.

e 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

IPv6: Ping

DNS

NTP

SFTP server

192.168.56.5 v
fd2d:bb44:9711:3976::5:1 v

192.168.56.55 ¥

pool.ntp.org

tenserv.camillebauerintra | 22

192.168.56.55 ¥

data

sftpuser

6.6 IEC 61850 interface

The features of the IEC61850 interface are described in a separate document:

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

This document is available via, e.g.:

>> https://www.camillebauer.com/am3000-en
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Testing NTP 'pool.ntp.org’

server 176.18.99.208, stratum 2, offset -0.P60B689, delay
8.63264

server 162.159.2008.123, stratum 3, offset 6.8685168, delay
0.83139

server 84.16.67.12, stratum 1, offset -8.868664, delay
8.83568

server 5.148.175.134, stratum 2, offset -9.P608183, delay
a.83174

23 Apr 14:29:86 ntpdate[5257]: adjust time server
84.16.67.12 offset -0.000664 sec
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6.7 PROFINET IO interface

The PROFINET interface provides a cyclical process image, which can be freely assembled by the user.

6.7.1 General stations description file (GSD)
The GSD file describes the functionality available via the PROFINET interface of the device. During
system design by means of a configuration tool (e.g. TIA or Simatic Step 7 of Siemens) the GSD file
serves to implement devices with a minimum effort.
The description language of the GSD file for PROFINET is GSDML (Generic Station Description Markup
Language), thus a language independent XML format. Sources for the download of the GSDML file of the
device are:

o Homepage: https://www.camillebauer.com/

e USB stick with software and documentation, no.156‘027 (optional)

o The website of the device itself:

> Service > PROFINET

Min/max values reset PROFINET state

Meter contents set/reset PROFINET version

Logger values reset Download GSDML file

Operating hours

Device information

Factory reset

Firmware update

Communication Tests
.F;AOFINE-I.:.

Device reboot

Before a device can be used in a project, the associated GSD file must be imported in the configuration
tool (e.g. TIA Portal).

Automatisierung\Project1 PNT\Project1 PNT

Options Tools Window Help

1 Y sSettings
Support packages

Manage general station description files (GSD)

Start Automnatio s e e
Manage general station description files

i Show reference 1 source path: ClUsers\RRIDownloads|GSDML-V2 34-CamilleBauer-AM_DM_PQ-20181025 | [
LL| Global libraries | Content of imported path
|| [~ File Version Language Status Info
E GSDML-V2.34-CamilleBauer-AM_D... V2.34 English Already installed AM-DM- ...
[<] Il ] IL
Delete ] f Install | [ Cancel |
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6.7.2 Parameterization of the device

1 Siemens - C:\Users\RR\Documents\Automatisierung\ProjektPNT\ProjektPNT

Project Edit View Insert Online Options Tools Window Help
3 R sovepoject & X 3 T3 X 22| 5 MK BBV coonline (F Goottiine iy AW ¥ H | i
ProjektP Devices & netwo
| Devices = Topology view Lm Network view U_]'f Device view Options
5| ¥ | ¥ Network =| Network overview [« ]
A‘ ¥/ Device Type v | Catalog
=i A Profeldeny = <Search>
B Add new device |
g Devices & networks [ Filter Profile: | <All>
» iz Ungrouped devices » | Controllers
» 'sf Common data » EHM
» gl Documentation settings » W PCsystems
» Q Language: & resources » Ll Drives & starters
» [} Online access ; » _i Network components
» _’ Card ReaderiUSE memory - » R Detecting & Menitering
> » _@ Distributed /O
» Ll Power supply and distribution
» L Field devices
v ) Other field devices
+ | PROFINET IO
» g Drives
» [l Encoder:s
» L Gateway
» [l ident Systems
| ~ [ Sensors
<Ju] [p] —y— & ¢ n > « [l Camille Bauer
| 9 Properties ‘|:\. Info &) ﬂ % Diagnostics SR RO hs Lok CeviwE
I Am1000 - PQ1000
Genaral | #2000 2000793000
Il oms000 - PQ5000
» [l SIEMENS AG
v | Details view el » (@ PROFIBUS DP
No 'properties’ can be shown at the moment. There is either no
obiect selected or the selected obiject does not have any

As soon as the GSD file has been imported, the device is available in the hardware catalog and can be
integrated using drag&drop. There are three models available that represent the different designs of the
whole device series. The selection shown above is for example suited for the devices AM2000, AM300
and PQ3000, which have the same design (panel 144x144mm) and support the same measured values.

Further steps during parameterization are:

e Assigning a unique device name via DCP protocol

¢ Assigning an IP address to the device, normally an automatic procedure

e Assembly of the cyclical process image (see below), maximum of 62 measurements

¢ Integration in the topology of the complete system

Because these steps are device independent and do rely on the used tool only, further details are not

given here.
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Project1PNT » Ungrouped devices » am2000am3000pq3000 [AM2000 - AM3000 - PQ3000]

|& Topology view H‘J Network view m'{ Device view
& :| ¥ .. Module Reck  Slot | address | ...
.:.;QQ g‘ ~ am2000am3000pq3000 0 0 )
Qda‘" | \dentification & Mainten... D 01
& Farameter Access Point O 010 )
¥ » PROFINET o O PRO... %
System state_1 o 1
— Active power phase 1 (L1-... 0 2 B
L] Active power phase 2(L2-... 0 3
= | Active power ﬁhase 37(17.3 - WD 4
. 0 5
" 0 6
i 0 7
0 8
0 9
0 10
o 1
o 12
0 13
0 14
0 15
vl 0 16 o
<] [3] [100% F] —%— @& <[ i - 3 >

Options

w | Catalog

<Search>

[ Fitter Profile: | <All>
» [ Head module
~ [ Module
~ (g Instantaneous values
» L@l Fundamental power
~ i General

| 6 Properties H'i,..lnfo i

Assembl)'/ of the éyclical procesé imagé

%| Diagnostics

Il Active power phase 1 (L1 -N)
W Active power phaze 2 (L2 - N)
M Active power phase 3 (L3 - N)
[. Active power system

Il #pparent power phase 1 (L1 —N)
u Apparent power phase 2 (L2 — N}
Il Apparent power phase 3 (L3 - N)
Il ~pparent power system S

Il ~verage value of currents with sign of P
M currentin phase L1

M current in phase L2

M current in phase L3

M Earth current

Il Neutral current

Il Fower factor phase 1 (L1 - N)
Il Fower factor phase 2 (L2 - N)

In Slot 1 always the module ‘System state’ is present providing the following information:

Bit Meaning

0

0: Measurement system stopped or not reachable

1: Measurement system running

value of at least one of the modules changes

0 « 1: When the measurement system is running, the bit changes its state when the

.31 not used, currently set to 0

Hints

» A parameterization of the base functionality of the device (such as the measurement functionality)

via PROFINET is not required

» A local modification of parameters (e.g. IP address, PROFINET device name) is not possible

6.7.3 Validity of measurements
The following measurements can be used in the process image:

Instantaneous values of voltages, currents, active/reactive/apparent power, frequency, load factor

THD voltages and currents, TDD currents
Odd harmonics of voltages and currents up to the 25%

Symmetrical components and unbalance factors of voltage/current

Fundamental power, distortion reactive power, coseo, tang

Energy meters high and low tariff, pre- and user-defined base quantities

Mean-values, predefined power quantities and user-defined base quantities

The provided measurements are the sum of all possible values, for all system configuration from single
phase up to 4-wire unbalanced. The Modbus device description provides the information about the validity
of the measurements with respect to the used system configuration. This description can be downloaded
via one of the following sources:

Homepage: https://www.camillebauer.com/am3000-en

USB stick with software and documentation, no.156‘027 (optional)

If invalid measurements are used in the process image, their values are always zero.
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6.7.4 PROFINET state
e For devices with display the present PROFINET state is shown in the status bar:

@ Data exchange with IO controller inactive

@ Data exchange with 1O controller active

e The PROFINET status is always visible in the status bar on the device website:

Data exchange with 10 controller inactive

) Data exchange with IO controller active

o PROFINET related information may be accessed via the menu Service | PROFINET | PROFINET

Status:
I0 controller I0 controller
Connected: No Connected: Yes
Device name: Device name: plcxbldB@ed
IP address: IP address: 192.168.1.2
10 device I0 device ==ss=s=ss=s==s======= =========
Device name: am3008 Device name: am3088
Network settings ---------------ememmcemaan Network settings -=--=-=-=-=eeeeeceemceeene"
IP address: 192.168.1.2081 IP address: 192.168.1.201
Subnet mask: 255.255.255.@ Subnet mask: 255.255.255.0
Gateway addr.: 192.168.1.1 Gateway addr.: 192.168.1.1
MAC addreages -----------—-————----c--e- MAC addresses —~~==-=r=rroseremmer e e n—————
Chassis: 00:12:34:22:00:09 Chassis: 00:12:34:22:00:089
Port X2: 08:12:34:22:00:0A Port X2: 00:12:34:22:00:0A
Port X1: 00:12:34:22:00:0B Port X1: 00:12:34:22:00:0B
Data exchange with 10 controller inactive Data exchange with 10 controller active
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6.8

6.9

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 all analog or digital / relay outputs may be simulated. This is done by either
entering analog output values or selecting discrete states for the digital outputs / relays.

When output simulation is turned on, the device configuration will be changed. This may take a few
seconds. Once the simulation is turned off, the device is switched off or the menu selection is changed,
the device goes back to its initial configuration.

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

> Service > Simulation > Digital outputs

Digital outputs Turn on simulation

Digital output 0.1

Simulation

Min/max values reset

Meter contents set/reset -
Digital output 0.2

Logger values reset
2 Relay 1.1

Operating hours
¥ g Relay 1.2

Device information

Simulation of digital outputs via device webpage

Security system

The device provides several security mechanisms, which can be activated to ensure 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.
For devices without Ethernet interface the RBAC is reduced to a simple password protection.

> HTTPS provides encrypted communication using TLS (Transport Layer Security)
Not available for devices without Ethernet.

> Via client whitelist access to the device can be restricted to specific clients with definable IP
addresses.
Not available for devices without Ethernet.

» 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.

> Security 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.

Not available for devices without Ethernet. For devices without data logger messages get lost when restarting the

device.

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.
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6.9.1 RBAC management

Q The access control system described below is available for devices with Ethernet interface
only. For devices without Ethernet see: Simple password protection.

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 Jocalgui: 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

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

o Create new users up to a maximum of 5
o Restrict users to local operation only (no login via website)

The RBAC settings are managed via the menu Settings | Security system | Users and Permissions. To do
this, Users and Permissions must be enabled:

Add user/ API key

Adding users / APl keys
In addition to the 3 predefined users a maximum of 5 users or API keys may be created. To do so, use
“Add user / API key” and select the type of user to be created.

Add user/ APl key

Create user
Create AP key

Cancel
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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 | s o]
Re-enter passwort [
Permizsion template [ admin

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

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

!
1

CAUTION: If login credentials (user name and / or password) of users with
write access to the security system are changed, this information must be
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.

x
Create APl key
Key name PLC_Access
Permission template Read-only permission ¥
Read-only permissions
All permissions except security
Save Back All permizsions
a
x
AP key
JhbGei0iJUzI NilsInRScCl61kp XV 9. ey Jhd WQIOIOM]ImZilsimIhd CIEMTU30
iE!-O b2tlbilsinR4bil&liMy05J9 HTOWTU?
nmﬁsérrmﬁnﬂla(m]{-bun
Ok
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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=eyJhbGci0iJIUzZIINIiIsINRScCIEIkpXVCI9.eyIlhdWQiOiIxYjgd4liwiaWFOL joxNTc5MTU40Tc4LCIzdWIiol

Jhbm9uellvdXMiLCJI@eGAi0iIxOTIUMTY4L jUALFEXNCI9. Lil julcs2bZAmYH1vdMXTALr87gxUX-3kZ4ctz6jdMc;
sessionToken={5d1cad47c-8d38-4a08-85d5-fefbd941faz20}

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|AccessToken | ,a]

ANCnymous
operator]
operator2
operator3

Local account (no weblogin)

4]

0O

Instantaneous values
[ Eneray
m Harmonics

Measurements or settings can be
displayed

©)

@ |0
@

Measurements or settings cannot
be displayed

@
o |o oo
o |o oo
@

@

8

Settings can be changed

@

Settings cannot be changed

¥

@
0]

@
@
000 Db0|0Db|00|o0|0|o|)o|o|o|o|o|Oo

0
©)]

@

Field not selectable

Reset values

O O
@] @]
@] =20
@] =0
@] =0
@] @]
@] =0
@] =0
@] @]

X
®
®
®

Reset/Update device

S
X
®
N}
®
®

Change a user’s login credentials

E:
L4

Audit Log

0
o
@
@

Use 10 simulation

m Settings

Basic device settings

8 0
X
®
N}
®
®

@
o
@

S|e]
8 |0
® |E
®
®
®

Measurement

S
X
®
®
®
®

Communication

8
®
®
®
®
®

Security system

S
N
®
N}
®
®
O

Overview of the access rights of each possible user
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6.9.2 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 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.
| ) e | | 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
I =
AN
“ i ‘ Log out the current user by selecting “Logout
Logout
« [0
A 1) Click on the symbol D
2) Enter user name and password
.‘ admin “ s on
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
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6.9.3 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) Press <OK> to enter the user name
2) Proceed to password using

3) Press <OK> to enter the password
4) 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) Press <OK> to enter the user name
2) Proceed to password using

3) Press <OK> to enter the password
4) 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

Login

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) Press <OK> to enter the user name
2) Proceed to password using

3) Press <OK> to enter the password
4) 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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6.9.4 Simple password protection

For devices without Ethernet interface the RBAC is reduced to a simple password protection based on the
standard user ,admin‘. If the user and permissions management is activated, the user has to enter a
password before executing protected functions. Protected functions are changing settings parameters or
deleting or resetting measurement data via the service menu. Subsequent to a successful password input
the access remains open until an input timeout occurs.

Note: The password is stored in the device in encrypted form only and never transmitted in plain text.

The management of the RBAC settings is done via the menu Settings | Security system | Users and
Permissions:

Users and Permissions

31.07.2020 10:02

A

Users and Permissions enabled

Changing / defining the password

a) Select ‘Change password’ (if the
management of users and permissions is
active, you have to login first)

b) Enter the present password

¢) Enter the new password

d) Re-enter password

You have to use a secure password with the following restrictions:
- Minimum password length 8 characters (maximum 32)

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

[—O

ATTENTION: A reset to factory default will reset also the password (factory setting:
,CBM_1234 ). But for a factory reset the present password needs to be entered. If this
password is no longer known the device must be sent back to the factory!

Status information on the display

Display Status

0% e User and permissions management is disabled
27.07.2020 17.08 e Protected functions can be executed

A% & e User and permissions management is enabled
e Protected functions cannot be executed

07.05.2019 17:35

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

1) Press <OK> to enter the password
2) Proceed to Login using © and press <OK>

If successful, the main menu is displayed.

LEE e User and permissions management is enabled
()
07.05.2019 17-38 e Password has been entered

e Protected functions can be executed
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6.9.5 Wihitelisting clients

Whitelist

o
=
-

It is possible to define a list of IPv4 and/or IPv6
Client 1 192168583 addresses of up to 10 clients allowed to have
access to the device. All other clients will be
blocked. Enable the whitelist via the Settings of
Client 3 192168593 the Security system in the item Whitelist.

Client 2 192.168.58.7

Glient & 152 ees 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

[0

If a device is no longer accessible you
can reset its IP address (LAN),
deactivating the whitelist at the same
time. The whitelist may be switched off
via WLAN interface as well.

Client 8

Client 9

Client 10

6.9.6 Secure communication using https

According to Enel specifications 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
Source: For example https://www.camillebauer.com/am3000-en

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 | Details | Certification Path | Certificate Import Wizard =
Certificate Store
@g Certificate Information Certificate stores are system areas where certificates are kept.

This CA Root certificate is not trusted. To enable trust,
- "t-h-'s L W PR Windows can automatically select a certificate store, or you can specify a location for
Authorities store.
the certificate.

() Automatically select the certificate store based on the type of certificate

(@) Place all certificates in the following store

Certificate store:

Issued to: Camille Baer Metrawatt AG Internal Root CA
Issued by: Camile Bauer Metrawatt AG Internal Root CA
Select Certificate Store [
Valid from 07, 09, 2018 to 04, 03, 2028
Select the certificate store you want to use,
. Learn mare about cer tificate stores = personal =
install Certficate... | | Tssuer Statement Tusicd oot Cerbicabon o s I

_ Enterprise Trust

Learn more about certificates

Intermediate Certification Authorities
Active Directory User Object
1 Trusted Publishers

]

<[

[ show physical stores
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https://en.wikipedia.org/wiki/Block_cipher_mode_of_operation
https://en.wikipedia.org/wiki/Eavesdropping
https://en.wikipedia.org/wiki/Tamper-evident#Tampering
https://www.camillebauer.com/am3000-en

The imported certificate is valid for all devices of the PQ, AM, DM and CU series.
Agree to install the certificate if the below security warning appears:

T

Security Warning

You are about to install a certificate from a certification authority (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 origin by
contacting "Camille Bauer Metrawatt AG Internal Root CA". The
fellowing number will assist you in this process:

Thumbprint (shal): 8C4CB128 845D3E5F 53EDISFT DI7FAQTF B7EZEIBG

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.

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

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

e a failed login attempt

e each changing of the device configuration

o the view of the security log by a user

e efc.

are logged in a security log accessible via the service menu.
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[I<| < |‘I | 2 | 3 | 4 | 5 | > |+5>>] Results per page _
e

=

cb-gui[1523] Notice .168. 3 User logged in successfully

pg3000[1516] Notice localhost system The device was power offFri Feb 7 09:41:26 2020

21 2
- pq3000[1516] localhost The device was power on Fri Feb 7 12:00:38 2020
22,02_2?2[]_ cb-gui[2117] 192.168.57.65:59378 m User logged in successfully

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

3 7 11 1519 23 27 31 35 39 43 47

AM1000

AM2000/AM3000

Operation is performed by means of 6 keys:

> 4 keys for navigation (<, A, 7, ) 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. The
valid functionality of the keys is then shown in a
help bar.

7.2 Selecting the information to display

A

‘ SN Momentanwerte

" & Energie

‘ »+| Vektordiagramm

‘ (&5 Kurvenform

v

AM1000

AM2000/AM3000

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

Current

TRMS

I
4 . 9 4 5 2 A 2 measured quantities (AM2000/AM3000)
| ™

3.5431

0.5423 ... 4 measured quantities (AM2000/AM3000)
3.5867

0.988

U w ul | ™ L
nois 98.53v 98.55v
U = [} U Ly

woms 102,17 v 102.16v 2x4 measured quantities (AM2000/AM3000)
U Il U Ly
nois 101.28 v 101.28v
[ Il [

22 109564 || 109.574

Voltage min/max norams i

[VEED TRMS U w TRMS

‘um 2007205 410.67 v ‘.mz 2007205 23817 v
s zorzms_ 31234 v n1s17__zorzms_ 11891 v

u o= e | (U 2x4 measured quantities with min/max

‘.ms 2007205 411.28 v ‘.ms 2007205 237.30 v
1554 20072015 40825 v 153 20012015 23579 v

e | [0 (AM2000/AM3000)

416:03 20.07.2015 411.66 v 41558 20.07.2015 238.53 v
Ti530 2007205 31372 v vi525 20072015 236.59 v
F TRMS U reabos uNg

‘n5ns 20072005 50.007 He ‘nSm w0105 2125 %
Y1505 20.07.2015 50.007 Hz

LA
Power 0%
i 22052019 10:42

0.0000 kw ‘
3.586 kvar 4 measured quantities (AM1000)
3.587 kva

0.000

a%s

22.05.2019 10:39

L2 TDD 62.4% L3 TDD 64.5%

Graphical measurement display (AM1000)

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

Further examples
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Incoming / outgoing / inductive / capacitive

The device provides information for all four quadrants. Quadrants
are normally identified using the roman numbers |, II, lll and IV, 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 I+1V can either been seen as delivered or S
consumed active energy. ®
By avoiding terms like incoming / outgoing energy and inductive or P

capacitive load when displaying data, an independent
interpretation of the 4-quadrant information becomes possible.
Instead the quadrant numbers [, Il, Ill or IV, a combination of them
or an appropriate graphical representation is used. You can select ||| |V
your own point of view by selecting the reference arrow system

(load or generator) in the settings of the measurement.

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_ Mean-value 2HT Meter (high tariff)

M Mean-value trend LT Meter (low tariff)

E Bimetal function (current) A Maximum value

Q Energy quadrants 1+IV A 4 Minimum value

e Energy quadrants I1+lIl TRMS  True root-mean-square value

@ Energy quadrants I+l RMS Root-mean square valu.e (e.g.
fundamental or harmonic content only)

@ Energy quadrants IlI+IV (H1) Fundamental component only

LILILIV  Quadrants ()] Average (of RMS values)

User mean-values 1-4

Standard-Zahler

16102015 11:00 27.07.2015 11:27

0.00 kwh

u o I w w
s 98.53 v 98.55v

U = [l

N w
woas 10217 v 102.16v
U a~ [l

aoms 101.28 v 101.28v

44.65 kwh

0.00 kWh-:
1 68 kwh.

AM1000: Meters with tariff and quadrant information ~ AM2000/3000: User mean values (last value and trend)

(. [l

aotms_109.56 A 109.57 »
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7.4 Resetting measurement data

e Minimum and maximum 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 |, individual harmonics U/I
5 All imbalance maximum values of voltage and current

¢ 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. This makes sense whenever the
configuration of the quantities to record has been changed.

7.5 Configuration

7.5.1 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.

e Country and clock: display language, date format, time zone, clock synchronization, time/date
o Display: Refresh rate, brightness, screen saver

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

o 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 / current: Used only as reference values, e.g. for scaling the harmonic content TDD of the
currents

= Maximum primary values U/I: These values are used for fixing the display format of the measurements. This
way you can optimize the resolution of the displayed values, 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

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

¢ Mean-values | user defined quantities: Selection of up to 12 quantities for determining their mean-
values and selection of their common interval and synchronization source

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

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

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

e Fault current: Configuration of the fault current channels, especially alarm and pre-warning limits,
transformer ratios as well as response and dropout delay

o Temperature: Configuration of the temperature monitoring channels, especially event text, alarm
limits, response and dropout delay, lead resistance

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

o Summary alarm: Selection of the monitoring functions to be used for triggering the summary alarm
and selection of a possible source for resetting

e Operating hours: Selection of the running condition for up to 3 operating hour counters

¢ Digital outputs | Digital output: State, pulse or remote controlled digital output with source, pulse
width, polarity, number of pulses per unit

¢ Digital outputs | Relay: State or remote controlled relay output with source
¢ Analog outputs: Type of output, source, transfer characteristic, upper/lower range limit

o Security system: Definition of the security system (RBAC, https, whitelist). Locally RBAC can only
be enabled or disabled, credentials and access rights must be setup via website.

¢ Demo mode: Activation of a presentation mode; measurement data will be simulated. Demo mode
is automatically stopped when rebooting the device.

o Device tag: Definition of different texts V), i.e. device tag, test point and device location.

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.

Y 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 : (0x3A)

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

‘. e It's recommended to use either Google-Chrome or Firefox as browser.
/m

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

For configuring via Webbrowser you have to display the device website using:
e IPv4 communication: http://IPv4_addr, e.g. http://192.168.1.101
e IPv6 communication: http:/[IPv6_addr], e.g. http://[ f{d2d:bb44:97f1:3976::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 interfaces with different default IP addresses.

If the secure communication via https is activated and the root certificate installed, you have to use https
instead of http for displaying the website

4 VI =Tk
C & 192168.1.101, gui/inds “ - a v H o i
Al canne saser (1 B 06022020 o3

> Instantaneous values

[ v | mtwoon | vanems | roverwanon | ossmsrn | Powercosny |

00011 kA

1000  0.000 0.000 Um | 0.000 kv

0.000

0.000

0.000

Device website using Google Chrome

The locker symbol shows that a secure connection is established (if https

@ 192.168.1.101/webguifindex.html# |
is used)

There are three information here:

e The SD-card is present and stores data
. ¢ A network connection is established
¢ User and permissions management is active, but no user is logged in so
far.

=] Via WEB-GUI you can make the same settings as via the local GUI using the Settings menu. In
‘ 0 addition, it is possible to setup the security system and the Data export scheduler and to enter
- 8 user-defined event or description texts in UTF8 format.
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Possibly modifications need to be saved in the device, before all parameters have been set. In such a
case the following message appears:

Store configuration changes? . . )
: : If this request is not confirmed unsaved

modifications of the present device
ves No Sl 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
way for transferring security settings from one device to another.

(d &

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 or 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 a new configuration?

Device tag ovenwTite

Ethernet ovenarite

R5-485 Modbus/RTU ovenwTite
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.
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7.6 Alarming

The alarming concept is very flexible. Depending on the user requirements simple or more advanced
monitoring tasks may be realized. The most important objects are limit values on base quantities, the
monitoring of fault-current, monitoring functions and the summary alarm.

7.6.1 Limit values on base quantities

Limit value 1

Limit for ON 00
Limit for OFF 205
Event text Overvoltage UTN

List entry Alarms

Upper limit: Limit for ON = Limit for OFF

Limit for ON

Limit for OFF

Limit state

Lower limit: Limit for ON < Limit for OFF
Limit_ ch 9N

Limit for OFF

Limit state

16.06.2016 13:53

Navigation

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
parameters: Limit for ON / OFF. The hysteresis
corresponds to the difference between these two
values.

If a data logger is implemented both state transitions
OFF—ON and ON—OFF can be recorded as event
or alarm in the appropriate lists.

» 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.

» 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
measured quantity falls below the limit for OFF
state again.

» 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.

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

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:

... directly be used as source for a digital output

... be used as logic input for a monitoring function

... be recorded as event or alarm in the appropriate lists on each changing
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7.6.2 Monitoring fault-currents
Each (optional) fault current module provides two channels for monitoring residual or fault current. For
each of the channels an alarm and a pre-warning limit can be defined, which can be used as follows:
.. Activating a summary alarm when the alarm limit is violated or a breakage occurs (2mA input only)
.. as logic input for monitoring functions

.. as source for digital outputs

. Entry into the alarm list, if the state of the alarm limits monitoring changes or when a breakage
occurs (2mA input only)

. Entry into the event list, if the state of the pre-warning limits monitoring changes

.. the value of the individual fault currents can also be output via the analog outputs (AM2000/3000
only).

The present values of the monitored fault currents are visible via the menu of the instantaneous values:

> Instantaneous values

Fault current 1.1 Fault current 1.2

Meaning of the used symbols

| Current value normal
1] Pre-warning limit violated
B Alarm limit violated
’ Alarm: Configured limit for ON
::’ Alarm: Configured limit for OFF

Pre-warning: Configured limit for ON

Pre-warning: Configured limit for OFF

—5‘5@ Breakage of measurement line detected
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7.6.3 Temperature monitoring
Each (optional) temperature module provides two channels for temperature monitoring.

Used for Pt100 measurement
e Up to 2 limit values
e Short circuit and wire / sensor breakage monitoring

Used for PTC monitoring
e Monitoring the PTC response temperature
e Short circuit monitoring

Usage of the determined states

.. Activating a summary alarm when an alarm limit is violated (Pt100) or the response temperature is
reached (PTC), a short-circuit or a wire / sensor breakage (Pt100) occurs

. as logic input for monitoring functions

. as source for digital outputs
. Entry into the alarm list when any state change occurs

.. the present temperature for Pt100 measurement can also be output via analog outputs
(AM2000/3000 only).

> Instantaneous values

oo | motoes | e | rovearse | vt | e

4 1107.6 Q

Motor coils Oil temperature

State of temperature monitoring in the instantaneous values menu, PTC on the left, Pt100 on the right

Meaning of the used symbols

Measurement in the normal range

Alarm limit 1 violated

Alarm limit 1 violated

Alarm 2: Configured limit for ON

vwillll

Alarm 2: Configured limit for OFF

Alarm 1: Configured limit for ON

Alarm 1: Configured limit for OFF

_()(@ Wire / sensor breakage detected

:IZI: Short-circuit detected
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7.6.4 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 a summary alarm state

Monitoring function 1

16.06.2016 13:54

Limit state 1 Navigation
Limit state 2
Limit state 3

Delay time on (t1) 00s

timmo nff ($#9)

: DIRECT j AND i
Ev|
i" I INVERT I NAND I NOR

v

Logic inputs
Up to three states of limit values, fault-current or temperature monitoring, 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 (with data logger only)
e Alarm / event. Each state transition will be recorded in the appropriate list

e none: No recording of state transitions

Possible follow-up actions

¢ Driving a logic output. The assignment of the monitoring function to a digital output / relay is done via
the settings of the corresponding output.

e Visualization of the present state in the alarm list
¢ Combining the states of all monitoring functions to create a summary alarm

¢ Recording of state transitions as alarm or event in the appropriate lists
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7.6.5 Summary alarm

The summary alarm combines the states of all monitoring function 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.

If an optional failure-current monitoring is present, the detection of an alarm state or a breakage of the
measurement line (2mA inputs only) activates directly the summary alarm.

Acknowledgment
MF1 ———— " S Alarming on display
MF2 ————
MF3 ———— R — (¢ ! )
MF4 ———— =
MF5 ——— 21
MF6 ———
MF7 ———
MF§ ——— L——» S

— Logic output
Reset —» R
@»)

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 occurred. 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.

Logic output

The summary alarm can drive an output. The assignment of a digital output / relay to the summary alarm
is done via the settings of the corresponding output.

Reset: The state of the summary alarm - and therefore of the used output - can be reset, even if there is
still an alarm active. So, for example a horn activated via summary alarm can be deactivated. A reset may
be performed via display, via web browser, a digital input or the Modbus interface. The logic output
becomes active again as soon as another monitoring function goes to the alarm state or if the same alarm
becomes active again.

Alarm state display

Alarms

02.07.2015 16:50

The digital or relay output assigned to the
summary alarm can be reset by means of the

Overcurrent phase 1 <OK> key. So the active alarming will be
stopped. But the alarm state of the summary
Voltage dip alarm remains active until the alarm state no

longer exists.

Frequency low

v
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7.7 Data recording
The optional data logger provides long-term recordings of measurement progressions and events.

In addition, file based information can periodically created using the data export scheduler. Such data can
be stored internally and / or securely sent to a SFTP server.

The recording is performed in endless mode (oldest data will be deleted, as soon as the associated
memory is used for more than 80%).

Group Data type Request

e Mean-values versus time, predefined (5) and e Mean value
user-specific (12) quantities logger

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

Periodic data
o Meter logger

In form of a logbook with time information:

e Event list: Every state transition of monitoring
functions or limit values, classified as event and
each violation of the pre-warning level of the
(optional) fault current channels

¢ Alarm list: Every state transition of monitoring
functions or limit values, classified as alarm and
each violation of the alarm limits of the (optional) | Events
fault current channels

e Temperature alarm list: Each violation of the
limit values of the (optional) temperature
channels

e Event and alarm
list

Events

Events will be registered in the disturbance
recorder list. By selecting the entries:

Disturbance | o the course of the RMS values of all U/l e Disturbance

recorder recorder
¢ the wave shape of all U/l
during the disturbance will be recorded
Security ‘ }{ ‘ e Log of the
events * Security log (SYSLOG) — security system
Service

7.7.1 Periodic data

Configuration of the periodic data recording
Via the settings menu the user can individually configure:
e The averaging interval of the standard mean-values P(I1+IV), P(lI+IIl), Q(I+11), Q (IlI+IV), S
e The averaging interval of up to 12 user-defined mean-values
e The reading interval of standard meters P(I+1V), P(lI+Ill), Q(I+11), Q (I1+1V)
¢ 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

¢ User-defined mean values

> Mean value logger

Meter contents Mean value logger

Meter logger User mean logger

Mean-values

Mean value logger

Bimetal current

Selection of the mean values group

> Mean value logger

The selection of the mean-value quantity to
display can be performed via choosing the

02y | corresponding register. Three different kind of
displays are supported:

Log. P(I+1V) Log. P (i1l Log. @ (V)

4> 152016 oda
=13062016 =14062016 . . .
P mean (1) W]  Daily profile: Hourly mean-values will be
shown, independently of the real averaging
time

o Weekly profile

e 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.

> Mean value logger

Log P (#IV) Log P (Il

M’ Table .
- . By selecting the bars you may read the
<> [usaie Todey associated values:

=13.06.2016 =14.06.2016

P mean (V) kw] o Mean'value

- e Min. RMS value within the interval

e Max. RMS value within the interval
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> Mean value logger > Mean value logger

Log P (1Y) Log. P {H1V)

3 3 E3 £ =1

< gz st < T

#06.06:2016-1206.2016 = 13062016 - 19.06.2016 #06.06.2016 - 12.06.2016 = 13.06.2016 - 19.06.2016
P mean (141v) [kw] P mean (+1V) (kW]

Ty
516 184115070

Weekly display Weekly display: Reading

> Mean value logger

( T2 [ 3 ] 5 [ere) mesuts por e [ 1@
I TENE=ENE=IO =

| nmmeumon nm o emom ma

T

3 14062016 143100000 8642 kW TasE W 0460 W

¢ ummeummm i ow n e

s ummoumese wa W o W mm o

B T

P ummeumese me @ W e

¢ ummoumm s W msow e

9 M062016,142500000 8852 kW 812 W 1234 kW

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
o User-defined meters

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

> 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. EP(1IV) Log. ZP(I+I) Log. ZQ(I+1l) Log. ZQ(IlI+1V)

(«vaious| 1 | 2 | 3 | 4 | 5 |Nexb Results per page |25

I S e I
1

15.06.2016, 14:00:00. 000 0 kwh 33276.80 kwh
15.06.2016, 13:00:00.000 0  kWh 3320310  kwh
15.06.2016, 12:00:00.000 0 kwh 3313740 kwh
15.06.2016, 11:00:00.000 0  kWh 33069.10  kwh
15.06.2016, 10:00:00.000 kwh 32996 kWh
15.06.2016, 09:00:00.000 kWh 3201970 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 32719.10  kwh

11 1506 2016 N4-00-00 AND 0 kwh 29687 10 kwh

Meter content readings in table form

Displaying data locally

The selection works in principle 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.
¢ 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.

Data export as CSV file

Download data
Time domain

08.07.2020
July ~ 2020

Mo Tu e Via B 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.

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

Download Cancel

7.7.2 User-defined events

Configuration of events

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.

Events of the (optional) fault-current and temperature channels are automatically entered into the
appropriate lists. The limit values to be monitored can be defined via the items Temperature and Fault
current in the settings menu.

Displaying of event entries

Event lists are a kind of logbook. Every state transition of monitored events is recorded in the appropriate
list with the time of its occurrence.
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> Events

Alarms

Event and alarm list

Disturbance Logger

> Event and alarm list

Event list Alarm list

(I<| < |‘I | 2 | 3 | 4 | 5 | > |+5>>J Results per page

e = = =]
1

25.11.2019, 18:30:36,097  UIN high |
2 25.11.2019, 18:16:27,154  UIN high L
3 25.11.2019, 18:16:03,609  UIN high |
4 25.11.2019, 17:46:56,066  UTN high L
5 21.11.2019, 14:15:16,453  UIN high |
6 21.11.2019, 14:15:09055  UIN high L
7 2111 2010 14N7-AN31G  1HN hinh

Example of an event list
Displaying data locally

The selection works in principle in the same way as with the WEB-GUI. There is the following difference:

¢ The number of displayable events is limited to 25
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7.7.3 Disturbance recorder (AM1000 / AM3000 only)

Configuration of the events to record

The device monitors the events voltage dip, swell and interruption. The user can define the threshold
levels for these events in the menu Settings | Disturbance Logger.

Display of disturbance recordings (locally)

Recorded disturbances are available in the form of a logbook. Each detected disturbance is entered into
the disturbance recorder list with the time of its occurrence. 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

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

30.01.2017, U1: Voltage dip
14:37:50,143 199.92V 30.08V 3.609s

Samples

RMS(1/2) o Samples

Display matrix on the local display (AM3000)
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15 G448 107300 150160

30,01 2017 161561612

—— bt
0 BES 1EM 2505 1340 4175 G010 GEdS G680 I 7IE0 6448 107300 150160

0 @85 L6F 2505 LMD 4175 6010 S84S5 6680 107 64140 71IED TV 580 GAAS0 107300 150160

Display matrix on the local display (AM1000)

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 display is entered by pressing <OK>.

Voltage display Current display Mixed display
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Display of disturbance recordings (WEB-GUI)

As with the local GUI, recorded disturbances are available in the form of a logbook. By selecting a list
entry the graphical display of the measured values during this event is entered. By selecting a time range
via left mouse key, the graphical event display may be zoomed.

Disturbance Logger

(I<| < | 1 | > |+5>>J Results per page
ﬂ“_-_.-.

22.09.2020, 13:59:13,574 Voitage dip  Residual voltage: 0.003 Depth: 11.497 kV 3.531
2 22.09.2020, 13:59:07,587 u2 Voltage swell  Maximum magnitude: 13.558 kV 3320
3 22.09.2020, 13:58:55,068 u Voltage dip  Residual voltage: 6.007 KkV Depth: 5493 kV 5.261
4 22.09.2020, 13:57:24,138 uz,u3 Voitage dip  Residual voltage: 6.920 KV Depth: 4.580 kV 0.033
8 22.09.2020, 13:57:23,898 uz,u3 Voltagedip  Residual voltage: 4388 KV Depth: 7112 kV 0.035

List of disturbance recordings

Disturbance Logger

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

UIN U2N U3N
2880

20.07.2020 11:55:26,526135

6= [ £

Trigger channek U1 Event type: Voltage dip  Duration [s]: 0.050

UIN U2N USN [Fesetzoom |

reset zoom |

Zoomed disturbance recording
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7.7.4 Micro SD card (AM2000/3000 only)
Devices with data logger are supplied with a micro SD-Card, which provides long recording times.

00 -1111 3131 0D _
)0/123456/123/001  CAMILLE BAUER

v/ 33 Switzerland Micro-5D
0:12:34:AE:00:97 @ o] |=IH

Activity
The red LED located next to the SD card signals the logger activity. When data is written to the SD card
the LED becomes shortly dark.

Exchanging the card

For exchanging the SD card the removal key needs to be pressed. Once the LED becomes green the
card is logged off and can be removed. To remove the card, press it slightly into the device to release the
locking mechanism: The card is pushed out of the device.

If the SD card is not removed within 20s the exchanging procedure is cancelled and the card will be
mounted to the system again.

Data cannot be temporarily stored in the device. If there is no SD card in the device no recordings can be
done.

Data stored on the SD card can be accessed only as long as the card is

in the device. Stored data may be read and analyzed via the webpage
(O of the device or in reduced manner via display only. The content of the
D SD card cannot be read using a Windows PC.

Thus before removing the SD card from the device, all data need to be
read via Ethernet interface.
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7.8 Measurement information in file format

Using the data export scheduler, measurement information may be provided also in file format. Such files
can then:

e periodically being sent to an SFTP server

o locally stored in the device and downloaded via webpage

7.8.1 Creating periodic file data

A periodic generation of CSV files can be setup using the Data export scheduler via the menu Settings |
Data export. For this tasks may be defined for creating data files with a specific content at regular
intervals. These files may 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:

Add task

HEmE The new task “24_h_PowerMeans” will
[ 24.nPowereans generate daily CSV files containing

FI2 standard mean-values for the past 24

I csv v] I mean values v] hours.

cresten The files will be both stored locally and
| daiy (1ast 24 hours) v

pushed to the subfolder PowerMeans of a
Transmission window

SFTP server. The settings of the SFTP

server to be used can be defined via
Communication | SFTP in the Settings
pction menu.
- [ store on local Storage v| The transmission window selected here
causes a random transmission of the file
B [ runosrPsene | to the SFTP server within one hour since
subfolder ’ PowerMeans ] creation_
Ok Cancel

At any time the newly created task “24_h_PowerMeans” can be fully modified, deactivated or deleted.

Add task

Creation File Action

active Name
aite (1act 9 v o « store on local
24_h_PowerhMeans ﬁ;{lj';ﬁ';!“t 2 .[Elsu;]ﬁme“n Storage
= rarE= « pushto SFTP server

Via the menu Settings | Data export | Data export scheduler on the local display tasks can only be
activated or deactivated.

Data export scheduler ol

A

24_h_PowerMeans ) Navigation
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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... Mominal values

Digits after decimal point

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

e 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.

¢ 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.

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

7.8.2 Accessing file information via webpage
You can access files stored in the device using the service menu Local data storage | Download data.

> Service > Local data storage > Download data

L] [ClalE |

| sy -
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7.8.3 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.camillebauerinra
Port
Usemame

Password

Base directory

Only connect to trusted host

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
SHA256:NMMdZ2Ux7aKylJrijFZ0kofMUNoONYVDUNRWyeD7KzSM
MD5:b7:d6:c7-9¢:37:abic7:8f hd:e5:90:57:01:b6:8f:6b

Yes Mo

7.9 Timeouts

The device is designed to display 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.
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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 5.13.

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
Nominal current: adjustable 1...5 A; max. 7.5 A (sinusoidal)
Measurement category: 300V CAT llI
Consumption: < 12x 0.01 Q per phase
Overload capacity: 10 A continuous

100 A, 5x 1 s, interval 300 s
Nominal voltage: 57.7...400 Vi~ (UL: 347V1n), 100...693 Vi (UL: 600VLL);
Measurement max.: 480 V1N, 832 VL (sinusoidal);
Measurement category: 600V CAT Il
Consumption: < U?/1.54 MQ per phase
Impedance: 1.54 MQ per phase
Overload capacity: 480 V1N, 832 VLL continuous

800 V1N, 1386 Vi, 10 x 1 s, interval 10s
Systems: Single phase

Split phase (2-phase system)

3-wire, balanced load

3-wire, balanced load, phase shift (2xU,1xl)
3-wire, unbalanced load

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

4-wire, unbalanced load

4-wire, unbalanced load, Open-Y

Nominal frequency: 42...50...58Hz or 50.5...60...69.5Hz, configurable
Sampling rate: 18 kHz

Measurement uncertainty

Reference conditions: 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)

Quantity AM1000/ AM2000 AM3000
Voltage, current: +0.2% V2 +0.1% V2
Neutral current: +0.5% " +0.2% " (if calculated)
Power: +0.5% "2 +0.2% "2
Power factor: +0.2° +0.2°
Frequency: £ 0.01 Hz £ 0.01 Hz
Imbalance U, [: +0.5% +0.5%
Harmonics: 1+ 0.5% 1+ 0.5%
THD ULl +0.5% 1+ 0.5%
Active energy: Class 0.5S, EN 62053-22 Class 0.2S, EN 62053-22
Reactive energy: Class 0.5S, EN 62053-24 Class 0.5S, EN 62053-24
Measurement with fixed system frequency:
General t Basic uncertainty X (Fconfig—Factual) [HZz] x 10
Imbalance U +2%upto+0.5Hz
Harmonics +2% upto+0.5Hz
THD, TDD +3.0% upto+0.5Hz

) 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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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% Uxnom 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

") Specific levels depend on the device configuration

Power supply via terminals 13-14
Nominal voltage: (see nameplate)
AM1000: V1: 100...230V AC 50/60Hz / DC +15%, OVC" Ill or

V2:24...48V DC £15%
AM2000/AM3000:  V1:110...230V AC 50/60Hz / 130...230V DC +15%, OVC? Il (UL: Il) or
V2:24...48V DC £15% or
V3: 110...200V AC 50/60Hz / 110...200V DC +15%, OVC" IlI (UL: Il)
Consumption: depends on the device hardware used

AM1000: < 18 VA, <8 W; AM2000/AM3000: < 30 VA, < 13W
) Overvoltage category (OVC)

Available inputs / outputs and functional extensions

Basic unit o 1 digital input
o 2 digital outputs
Extensions Optional modules

¢ 2 relay outputs with changeover contacts

* 2 bipolar analog outputs

¢ 4 bipolar analog outputs

¢ 4 passive digital inputs

e 4 active digital inputs

e GPS connection module

e 2 failure current channels (residual or earth current)
¢ |EC61850 interface

e PROFINET interface

o 2 temperature inputs

AM2000, AM3000: Up to 4 extensions, but only one module can be equipped with analog outputs. AM1000: 1 extension.

1/0 interface

Analog outputs via plug-in terminals
Linearization: Linear, kinked

Range: 1 20 mA (24 mA max.), bipolar
Uncertainty: 1 0.2% of 20 mA

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

Residual ripple: <0.4%

Response time: 220...420 ms
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Relays
Contact:

Load capacity:

Passive digital inputs
Nominal voltage

Input current

Logical ZERO

Logical ONE

Minimum pulse width

Active digital inputs
Open circuit voltage
Short circuit current
Current at Ron=800Q
Minimum pulse width

Digital outputs
Nominal voltage

Nominal current

Fault current detection
Number of channels
Zero suppression

Measurement range 1A
Application:
Measurement transformer:

Measurement range:
Overload:
Self-consumption:
Monitoring:

Measurement range 2mA
Application:

Measurement transformer:

Measurement range:
Overload:
Self-consumption:
Monitoring:

Further settings

Alarm limit for OFF AUS:
Pre-warning limit:
Pre-warning AUS:
Response delay:
Dropout delay:

via plug-in terminals
changeover contact
250 V AC, 2 A, 500 VA
30VDC,2A,60W

via plug-in terminals

12 /24 V DC (30 V max.)
<7mA

-3upto+5V
8upto30V

70...250ms

via plug-in terminals
<15V

<15mA

=2 mA
70...250ms

via plug-in terminals
12 /24 V DC (30 V max.)
50 mA (60 mA max.)

via plug-in terminals
2; each channel provides two measurement ranges (2mA, 1A)
Measurement < 0.2% of measurement range

Direct measurement of a fault or earth wire current

Current transformer 1/1 up to 1000/1A

Instrument security factor FS5

Rated output 0.2 up to 1.5 VA

Iratea = 1.0A (max. 1.2A,; crest factor 3)

2A continuous; 20A, 5 x 1s, interval 300s

<12x0.1Q

Alarm limit 0.03 ... 1000 A (2 up to 100% of primary measurement range)

Residual current monitoring (RCM)

Residual current transformer 500/1 up to 1000/1A
Rated burden 100 Q /0.025 VA up to 200 Q / 0.06 VA
Irated = 2mMA (max. 2.4mA,; crest factor 3)

40mA continuous; 200mA, 5 x 1s, interval 300s
<12x64 Q

Alarm limit 0.03 ... 1 A

lorF=90...75% )

IwarN = 50%...(loFF-1%) 7

IwarN - (10...25%)

1...10s, separately for alarm and pre-warning
1...300s, separately for alarm and pre-warning

) All percent values are related to the alarm limit (100%)
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Temperature inputs
Number of channels:
Measurement current:
Connection:

Input protection:

via plug-in terminals

2

<1.0mA

2-wire

Voltage limitation via protective diode

Used for Pt100 measurement

Measurement range:
Uncertainty:
Connection monitoring:
Alarm limits:

Response delay:
Dropout delay:

Used for PTC monitoring
Alarm active:

Alarm fallback:

Number of sensors:

Connection monitoring:
Application restriction:
Response delay:
Dropout delay:

Interface

Ethernet
Protocol:
Physics:
Mode:

IEC61850
Protocol:
Physics:
Mode:

PROFINET
Conformance class:
Netload class:
Protocol:

Physics:

Mode:

-50 up to 250°C / -58 up to 482°F

1£1.0 % of measurement +1 K

Short-circuit (<20 Q), wire / sensor breakage (>1000 Q)
2

0...999 s, separately for each alarm limit

0...999 s, separately for each alarm limit

>3.6...4.0kQ

<1.5...1.65kQ

1...6 single sensors (acc. DIN 44081) in series
1...2 triplet sensors (acc. DIN 44082) in series
Short-circuit (<15 Q ON, >18 Q OFF)

Ambient temperature of sensor 2-20°C

0...999 s

0...999 s

via RJ45 socket

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 RJ45 sockets, 2 equivalent ports

CC-B

1]

PROFINET, LLDP, SNMP

Ethernet 100BaseTX

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

Note: The interface may only be connected to a local Profinet network, which is designed as SELYV circuit

according to IEC 60950-1.

Modbus/RTU

Protocol:

Physics:

Baud rate:

Number of participants:

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

PM 1000162 000 15

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) or GPS
> 10 years
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Uninterruptible power supply (UPS)

Type: VARTA Easy Pack EZPAckL, UL listed MH16707

Nominal voltage: 3.7V

Capacity: 1150 mAh min., 4.5 Wh

Operating duration: 5 times 3 minutes

Life time: 3 up to 5 years, depending on operating and ambient conditions

Ambient conditions, general information
Operating temperature: * 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).

Storage temperature: 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)

Temperature influence: 0.5 x measurement uncertainty per 10 K
Long term drift: 0.5 x measurement uncertainty per year
Others: Usage group Il (EN 60 688)

Relative humidity: < 95% no condensation

Altitude: <2000 m max.

Device to be used indoor only!

Mechanical attributes

Housing material: Polycarbonate (Makrolon)

Flammability class: V-0 acc. UL94, non-dripping, free of halogen
Weight: 400g (AM1000), 800g (AM2000 / AM3000)
Dimensions: Dimensional drawings

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

Acceleration: + 0.25 g (operating); 1.20 g (storage)
Frequency range: 10 ... 150 ... 10 Hz, rate of frequency sweep: 1 octave/minute
Number of cycles: 10 in each of the 3 axes
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Safety
The current inputs are galvanically isolated from each other

Protection class: Il (protective insulation, voltage inputs via protective impedance)
Pollution degree: 2
Protection: Front: IP40, IP54 (with sealing joint); Housing: IP30; Terminals: IP20
/ IP54 remark
% . . . . .
= Sealing joint must be applied on the entire
s / circumference of the housing; tested for CE
compliance only.
iﬁ /
Rated voltage (versus AM2000/AM3000
earth): e Power supply V1: 110...230V AC / 130...230V DC

e Power supply V2: 24...48V DC

e Power supply V3: 110...200V AC / 110...200V DC
AM1000

e Power supply V1: 100...230V AC/DC

e Power supply V2: 24...48V DC
Relay: 250 V AC (OVC III)

I/O’s: 24 V DC
Test voltages: Test time 60s, acc. IEC/EN 61010-1 (2011)

» power supply versus inputs U RE 3600V AC
» power supply versus inputs I 3000V AC
» power supply V1, V3 versus bus, 1/0’s: 3000V AC
* inputs U versus inputs I: 1800V AC
« inputs U versus bus, 1/0's V: 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

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 outputs, digital
and relay 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.
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Applied regulations, standards and directives

IEC/EN 61 010-1

IEC/EN 61000-4-30 Ed.3

IEC/EN 61000-4-7
EN 50160
IEC/EN 60688

DIN 40110
IEC/EN 60068-2-1/

-2/-3/-6/-27:

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

IEC/EN 61131-2

IEC/EN 61326
IEC/EN 62053-22
IEC/EN 62053-24
IEC/EN 62053-31
IEC/EN 60529
uLo94

2011/65/EU (RoHS)

Safety regulations for electrical measuring, control and laboratory equipment
Power quality measurement methods

General guide on harmonics and interharmonics measurements

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

Electromagnetic compatibility (EMC): Emission standard for industrial environments

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

Programmable controllers - equipment, requirements and tests
(digital inputs/outputs 12/24V DC)

Electrical equipment for measurement, control and laboratory use - EMC requirements
Static meters for AC active energy (classes 0,1S, 0,2S and 0,5S)

Static meters for reactive energy at fundamental frequency (classes 0,5S, 1S, 1, 2 and 3)
Pulse output devices for electromechanical and electronic meters (SO output)

Protection type by case

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 1000162 000 15
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10. Dimensional drawings

AM2000 / AM3000: All dimensions in [mm]

‘ CAMILLE BAUER

bo

HEDDE CoHSomnEs |

152

i
Eld

AM1000 with display: All dimensions in [mm]

107
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AM1000 for hat-rail with display: All dimensions in [mm]

‘ ' 104.2 |

AM1000 for hat-rail without display: All dimensions in [mm]

!

106.9
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Annex

A Description of measured quantities

Used abbreviations

1L

2L
3Lb
3Lb.P
3Lu
3Lu.A
4Lb
4Lu
4Lu.0

Single phase system

Split phase; system with 2 phases and center tap

3-wire system with balanced load

3-wire system with balanced load, phase shift (only 2 voltages connected)

3-wire system with unbalanced load

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

4-wire system with unbalanced load

4-wire system with unbalanced load, Open-Y (reduced voltage connection)

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, see resetting of measurements.

Measurement g o < o
Sl &1 = ol 8| s 5| | 3| =
G| E|E|F| | @ |@|@| > F|F|F
Voltage U o | V|V \ \
Voltage Uiy o \/ VA
Voltage Uoy . \ N
Voltage Uay ° Y
Voltage U, ° \ v A NN
Voltage Uz o \/ NN v A
Voltage Us; . \ v N N A
Voltage Ung 2% NN A S VA IRV VAR BN
Current | \ v A \
Current |1 \/ NN
Current 12 S N
Current 13 A
Neutral current Iy v A \

Earth current Ipe (calculated)

Active power P

Active power P1

Active power P2

Active power P3

Fundamental active power P(H1)

Fundamental active power P1(H1)

Fundamental active power P2(H1)

Fundamental active power P3(H1)

Total reactive power Q

Total reactive power Q1

Total reactive power Q2

Total reactive power Q3

Distortion reactive power D

Distortion reactive power D1

Distortion reactive power D2

Distortion reactive power D3

Fundamental reactive power Q(H1)

Fundamental reactive power Q1(H1)

Fundamental reactive power Q2(H1)

Fundamental reactive power Q3(H1)

e R b Ea e B Bl Bl =N (PN =N =3 = PN (= [P [P P PN = = [P P N =
e R b Ea e B Bl Bl =N PN =N =3 = N = [P [P P PN =N P2 [P P N
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Measurement

present

max

min

1L

Apparent power S

=| 3Lb

<| 3Lb.P

<-| 3Lu

<| 3Lu.A

=| 4Lb

Apparent power S1

Apparent power S2

2|2 |<| 2L

Apparent power S3

Fundamental apparent power S(H1)

2

Fundamental apparent power S1(H1)

2

Fundamental apparent power S2(H1)

2

Fundamental apparent power S3(H1)

Frequency F

2

2

2

2

Power factor PF

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 |2 |2 <2<

2 |2 |2 <2<

Reactive power factor QF1

Reactive power factor QF2

P P P R P P

Reactive power factor QF3

Load factor LF

2

Load factor LF1

2

Load factor LF2

Load factor LF3

coso (H1)

cosg L1 (H1)

2

cosp L2 (H1)

2

coso 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

2 |2 |2 <2<

2 |2 |2 <2<

tang L1 (H1)

tang L2 (H1)

2 ||| 2| 2|22

tang L3 (H1)

22| | | | | 2 | | | | | | | | | | | | | | | | | | | | | | | | 2| 2| 2| 2| 2| <] 4Lu

Umean=(U1TN+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<

< || 2| 2|2

Angle between U and |

< ||| 2|2

< ||| 2| 2|2

2 |2 |2 <<

Angle between U1 and I1

2

Angle between U2 and 12

< | <

<

Angle between U3 and I3

Maximum AU <> Um

Maximum Al <> Im ?

2| 2| 2|2 | <2

" maximum deviation from the mean value of all voltages (see A3)

2 maximum deviation from the mean value of all currents (see A3)

3 AM3000 only

4 For 3-wire systems: Homopolar voltage, only if its measurement has been activated

l: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 n | v | I I
between active and apparent power. If

. . ind. cap. ind. cap.
there are no harmonics present in the - > >l > >
system, it corresponds to the cosg. The RN

~

PF has a range of -1...0...+1, where the PF b S/ \, N QF
sign gives the direction of energy flow. "¢ NN

The load factor LF is a quantity derived /// ,/ ' NN
from the PF, which allows making a _180F~. 90 —=70 % 180
statement about the load type. Only this NN LF // /
way it's possible to measure a range like A Voo

0.5 capacitive ... 1 ... 0.5 inductive in a NNV
non-ambiguous way. ~£

N
|vY

The reactive power factor QF gives the ~ | : . >/ >
. . outgoing incoming outgoing

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 vectorial addition of the voltage vectors
of the three phases:

‘QNEz-(g1N+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.

Earth fault monitoring in IT systems

Via the determination of the zero displacement voltage it's possible to detect a first earth fault in an
unearthed IT system. To do so, the device is configured for measurement in a 4-wire system with
unbalanced load and the neutral connector is connected to earth. In case of a single phase earth fault
there is a resulting zero displacement voltage of ULL/ V3. The alarming may be done e.g. by means of a
relay output.

Transformer, secondary side Load
L1

y=

]

I

Because in case of a fault the voltage triangle formed by the three phases does not change, the voltage
and current measurements as well as the system power values will still be measured and displayed
correctly. Also the meters carry on to work as expected.

The method is suited to detect a fault condition during normal operation. A declination of the isolation
resistance may not be detected this way. This should be measured during a periodic control of the system
using a mobile system.

Another possibility to analyze fault conditions in a grid offers the method of the symmetrical components
as described in A3.
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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.

ol ! : 5 g ! 3 =]
Measurement O s 4 o o 3 3 3 3 3 3
g E «| N ™ ® @ o % I «
THD Voltage UTN/U o| e \ S NN
THD Voltage U2N o| o \ N A
THD Voltage U3N ol o N
THD Voltage U12 o o v NN
THD Voltage U23 ol o v N
THD Voltage U31 ol o v N
THD Current 11/1 ol o| VI V| N[V N|N|N|V|N
THD Current 12 S S v AR
THD Current 13 o| o N N A
TDD Current 11/1 ol o| VI V| N[N N|N|N|V|NV
TDD Current 12 o o S v AR
TDD Current 13 o| o N Y
Harmonic contents 2"...50" U1N/U oo V| \ NV
Harmonic contents 2"...50" U2N o| e \/ NN
Harmonic contents 2™...50" U3N o o N
Harmonic contents 2™...50"" U12 o o \/ NN Harmonic contents are available
Harmonic contents 2"...50"" U23 ol o \ N up to the 89™ (50Hz) or 75"
Harmonic contents 2™...50" U31 ol o v v (60Hz) on the Modbus interface
Harmonic contents 2"...50" |1/I ol o[ V| N[N N|[N| N[N V]V
Harmonic contents 2"...50™ |2 o| o \ v AR
Harmonic contents 2™...50™ 13 o| o N N

I:| 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 § X & % 5 § = g 5

ElE 2322|233+
UR1: Positive sequence [V] . \ NN \
UR2: Negative sequence [V] . S NN \
UO0: Zero sequence [V] ° N
U: Imbalance UR2/UR1 o | o \ N A \
U: Imbalance UO/UR1 . ° \/
IR1: Positive sequence [A] ° «/ N N
IR2: Negative sequence [A] o S NN
10: Zero sequence [A] o NN
I: Imbalance IR2/IR1 . . v NN
I: Imbalance 10/IR1 ° ° N N

I:l 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

£ 2
. B = o
Measured quantity 8| 8 X| s ? I — |
o|l+~-| E| E| T
Active power [+IV 10s...60min. " e | e | e | e |5 S
Active power lI+l11 10s...60min. " o | o | o | @ | 5 °
Reactive power I+l| 10s...60min. " o | e | e | e |5 P
Reactive power llI+IV 10s...60min. " e | o | o | e |5
Apparent power 10s...60min. e | o | o | @ | 5
Mean value quantity 1 10s...60min. 2 o | o | 0| o | 1 1M v
Mean value quantity 12 10s...60min. 2 o | o | o | 0|1

" Interval time t1 2 Interval time t2

The device calculates automatically the mean values of all system power quantities. In addition up to 12
further mean value quantities can be freely selected.

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 or an external signal via digital input

may be used. In case of an external synchronization the interval should be within the given range of one
second up to one hour. The synchronization is important for making e.g. the mean value of power
quantities on generating and demand side comparable.

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.

c
Measured quantity ol < o < o
el s 4| L1 8318312823
ol E|F| | ®| o || o F|F| T
Bimetal current IB, 1...60min. ¥ o | o | W Y Y
Bimetal current IB1,  1...60min. 2 o | o v Y N
Bimetal current IB2,  1...60min. o | o v v N
Bimetal current IB3,  1...60min. ¥ o | o ~ N

3) Interval time t3
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A5 Meters

o < o
Measured quantity 2233131313133
- | N[O oo o] | | " |
Active energy I+IV, high tariff e | o | e | o | 0| e | e o @
Active energy I+, high tariff ° ) . ) . ) . ° .
Reactive energy I+ll, high tariff ° ) . ) . ) . ° .
Reactive energy IlI+IV, high tariff ° ) . ) . ) . ° .
Active energy I+IV, low tariff ° ° . ° . ° . ° .
Active energy I+l low tariff ° ° . ° . ° . ° . m
Reactive energy I+, low tariff e | o | e | e | 0| 0| e e | @
Reactive energy IlI+IV, low tariff ° ° . ° . ) . ) .

User configured meter 1

User configured meter 2

User configured meter 3

User configured meter 4

User configured meter 5

User configured meter 6 Only basic quantities can be selected which
are supported in the present system.

User configured meter 7

User configured meter 8

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

1O

is reached.
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B Display matrices

B0 Used abbreviations for the measurements

Instantaneous values

Name Measurement identification Unit | Description

U U TRMS \% Voltage system

U1N U 1N TRMS \% Voltage between phase L1 and neutral
U2N U 2N TRMS \% Voltage between phase L2 and neutral
U3N U 3N TRMS \% Voltage between phase L3 and neutral
u12 U 12 TRMS \% Voltage between phases L1 and L2
u23 U 23 TRMS \% Voltage between phases L2 and L3
U31 U 31 TRMS \% Voltage between phases L3 and L1
UNE U NE TRMS \% Zero displacement voltage 4-wire systems
| | 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

IMS I GQ+ o TRMS A Average current with sign of P
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Minimum and maximum of instantaneous values

Name Measurement identification Unit Description

U_MM u TRMS 41 |V Minimum and maximum value of U
U1IN_MM u 1N TRMS :g \ Minimum and maximum value of U1N
U2N_MM U 2N TRMS :1: Y Minimum and maximum value of U2N
U3N_MM u 3N TRMS :1: \ Minimum and maximum value of U3N
U12_MM U 12 TRMS :1: \Y Minimum and maximum value of U12
U23_MM U 23 TRMS 41 |V Minimum and maximum value of U23
U31_MM u 31 TRMS :1: \ Minimum and maximum value of U31
UNE_MAX U NE TRMS  aTs \Y Maximum value of UNE

I_MAX | TRMS ATS A Maximum value of |

11_MAX | 1 TRMS ATS A Maximum value of 11

12_MAX | 2 TRMS ATS A Maximum value of 12

13_MAX | 3 TRMS ATS A Maximum value of 13

IN_MAX | 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 | neg/pos UNB ATS % Maximum value of IR2/IR1
THD_U_MAX ] 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) (a) [|1|_ (t2) (mu) Mean-value 1
M2 (m) (p) (q) [|1|_ (t2) (mu) Mean-value 2

m ® @ W ®@ (mu)
M11 (m) (p) (q) |_|1|_ (t2) (mu) Mean-value 11
M12 (m) (p) Q) lul (t2) (mu) Mean-value 12
TR_M1 (m) (p) (a) Mt (t2) (mu) Trend mean-value 1
TR_M2 (m) (p) (a) M (t2) (mu) Trend mean-value 2
m (® @ (t2) (mu)
TR_M11 (m) (p) ()] " (t2) (mu) Trend mean-value 11
TR_M12 (m) (p) (a) h (t2) (mu) Trend mean-value 12
1B B r (t3) A Bimetal current, system
IB1 1B 1 r (t3) A Bimetal current, phase L1
B2 1B 2 r (t3) A Bimetal current, phase L2
IB3 1B r (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) (@) ul (t2) :Ig - Min/Max mean-value 2
m ® @ W @ AT
v TS
M11_MM m ® @ b @ |- Min/Max mean-value 11
M12_MM m e @ W ®@ |- 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 2 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
SP_ILIV_HT P Q THT Wh Meter P I+1V,  high tariff
SP_IL_IN_HT P G THT Wh Meter P II+ll1, high tariff
SQ_ILI_HT Q @ SHT varh Meter Q I+ll,  high tariff
SQ_IN_IV _HT Q @ SHT varh Meter Q IlI+1V, high tariff
SP_ILIV_LT P Q ILT Wh Meter P 1+1V, low tariff
SP_I_N_LT P G ILT Wh Meter P II+lll, low tariff
SQ_ILIN_LT Q Q 2LT varh Meter Q I+ll,  low tariff
TQ_N_IV_LT Q @ LT varh Meter Q IlI+1V, low tariff
>*METER1 (m) (p) (ag) 2(T) (mu) User meter 1, tariff HT or LT
>*METER2 (m) (p) (ag) 2(T) (mu) User meter 2, tariff HT or LT
----- (m (P (@) %M (mu) | ...
>METER11 (m) (p) (ag) 3(T) (mu) User meter 11, tariff HT or LT
>METER12 (m) (p) (ag) 3(T) (mu) User meter 12, tariff HT or LT

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

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

(q): Quadrant information, e.g. ,I+IV* (mu): Unit of basic quantity

PM 1000162 000 15 Device handbook SINEAX AMx000 103/118



Graphical measurement displays

Name Presentation Description
Power triz
Graphic of the power triangle consisting of:
* Active, reactive and apparent power Px, Qx, Sx
Px TRIANGLE « Distortion reactive power Dx
- » Fundamental reactive power Qx(H1)
0.00 kvar
°0 » cos(¢) of fundamental
* Active power factor PFx
Power factor minimum
05:50 24.05.2019
PF_MIN 1.000 Graphic: Minimum active power factor PF in all 4 quadrants
13:48 11.04.2019
1.000
13:48 11.04.2019
0.400
22:06 02.05.2019
Co_MIN (as PF_MIN) Graphic: Minimum cos(¢) in all 4 quadrants
Fault current 1
Graphic: Present measurements and states of fault-current
monitoring
I>m.1/m.2
Data available only, if the device is equipped with at least one optional
fault-current module.
Temperature 1 16.01.2019 !13:5%
Graphic: Present measurements and states of temperature
monitoring
dm.1/m.2
Data available only, if the device is equipped with at least one
temperature module.
Motor coils
ue P (I+1V)
MT P 1 IV Graphic mean-value P (I+1V)
- - Trend, last 5 interval values, minimum and maximum
MT P Il Il (as MT_P_IIV) Graphic mean-value P (lI+111)
- - - - - Trend, last 5 interval values, minimum and maximum
MT Q 11l (as MT_P_I_IV) Graphic mean-value Q (I+l1)
- = - = Trend, last 5 interval values, minimum and maximum
MT Q Il IV (as MT_P_I_IV) Graphic mean-value Q (llI+1V)
- - - - = Trend, last 5 interval values, minimum and maximum
MT S (as MT_P_IIV) Graphic mean-value S:
- - = Trend, last 5 interval values, minimum and maximum
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Odd harmonics U
L1 THD 2.0% WL2 THD 19% L3 THD 1.9%
HO IX Graphic: Odd harmonics 3™ up to 49" + Total Harmonic
- Distortion of all currents
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
HO UX MAX (as HO_IX) Graphic: Maximum values odd harmonics 3™ up to 49" + Total
- = - Harmonic Distortion of all voltages
HO IX MAX (as HO_IX) Graphic: Maximum values odd harmonics 3" up to 49" + Total
== - Harmonic Distortion of all currents
HE UX MAX (as HO_IX) Graphic: Maximum values even harmonics 2™ up to 50" + Total
— = - Harmonic Distortion of all voltages
Graphic: Maximum values even harmonics 2™ up to 50" + Total
HE_IX_MAX (as HO_IX) 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 -46.4
50V/div | 1A/div 0689 0.752
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B1 Display matrices for single phase system

[ @] Instantaneous values

J

Device Corresponding matrix
AM1000 U U_MM
I I_MAX
P P_MAX
F F_MM
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2
91.1/1.2
AM2000 U U_MM
I I_MAX
P P_MAX
F F_MM
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2 >21/22 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/22 93.1/32 941742
AM3000 u U_MM
UNE UNE_MAX
F F_MM
I I_MAX
IN IN_MAX
IMS
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2 1>21/22 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/22 93.1/32 94.1/42
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B2 Display matrices for split-phase (two-phase) systems

[ [ Instantaneous values

)

Device Corresponding matrix
AM1000 UIN UIN_MM
U2N U2N_MM
u U_MM
F F_MM
1
12
11_MAX
12_MAX
P P1 P_MAX P1_MAX
Q P2 Q_MAX P2_MAX
S Q1 S_MAX Q1_MAX
PF Q2 Q2_MAX
P_TRIANGLE P1_TRIANGLE | P2_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2
91.1/1.2
AM2000 UIN UIN_MM
U2N U2N_MM
u U_MM
F F_MM
1
12
11_MAX
12_MAX
P P1 P_MAX / P1_MAX
Q P2 Q_MAX / P2_MAX
S Q1 S_MAX / Q1_MAX
PF Q2 - /Q2.MAX
P_TRIANGLE P1_TRIANGLE | P2_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2 >21/22 1>3.1/3.2 1>4.1/4.2
91.1/1.2 92.1/22 93.1/3.2 941742
AM3000 UIN U1IN_MM
U2N U2N_MM
u U_MM
UNE UNE_MAX
11 11_MAX
12 12_MAX
IN IN_MAX
IPE IPE_MAX
P P1 P_MAX/ P1_MAX
Q P2 Q_MAX / P2_MAX
F Q1 S_MAX / Q1_MAX
PF Q2 F_MM /Q2_MAX
P_TRIANGLE P1_TRIANGLE [ P2_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2 >21/22 1>3.1/3.2 1>4.1/4.2
911712 921722 93.1/32 94.1/42
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[ @] Instantaneous values

)

B3 Display matrices for 3-wire system, balanced load

Device Corresponding matrix
AM1000 u12 U12_MM UR1
u23 U23_MM UR2
U31 U31_MM UR2R1
F F_MM UR21_MAX
I
I_MAX
IMS
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2
91.1/1.2
AM2000 u12 U12_MM UR1
u23 U23_MM UR2
U31 U31_MM UR2R1
B F_MM UR21_MAX
I
I_MAX
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2 1>2.1/2.2 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/22 93.1/3.2 94.1/4.2
AM3000 u12 UNE u12_MM™M UR1
u23 UNE_MAX U23_MM UR2
U31 U31_MM UR2R1
B | F_MM UR21_MAX
I
I_MAX " Only if measurement of homopolar
IMS voltage has been activated
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2 1>2.1/2.2 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/2.2 93.1/3.2 94.1/4.2
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B4 Display matrices for 3-wire system, balanced load, phase shift

[ [ Instantaneous values ]
Device Corresponding matrix
AM1000 u U_MM
I I_MAX
P P_MAX
F F_MM
P P_MAX
Q Q_MAX
s S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2
91.1/1.2
AM2000 u U_MM
I I_MAX
P P_MAX
F F_MM
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2 >21/22 1>3.1/3.2 1>4.174.2
91.1/1.2 921/22 93.1/32 941742
AM3000 u i
I I_MAX
P P_MAX
F F_MM
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2 >21/22 1>3.1/3.2 1>4.174.2
911712 9211722 93.1/3.2 94.1/4.2
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[ @] Instantaneous values

J

B5 Display matrices for 3-wire systems, unbalanced load

Device Corresponding matrix
AM1000 U12 U12_MM UR1
u23 u23_MM UR2
U31 U31_MM UR2R1
F F_MM UR21_MAX
11 11_MAX IR1
12 12_MAX IR2
13 13_MAX IR2R1
IMS IR21_MAX
P P_MAX
Q Q_MAX
S S _MAX
PF
P_TRIANGLE
PF_MIN Cop_MIN
>1.1/1.2
91.1/1.2
AM2000 U12 U12_MM UR1
u23 u23_ MM UR2
U31 U31_MM UR2R1
F F_MM UR21_MAX
11 11_MAX IR1
12 12_MAX IR2
13 13_MAX IR2R1
IMS IR21_MAX
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2 1>21/2.2 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/22 93.1/3.2 94.1/4.2
AM3000 ut2 UNE U12_MM UR1
u23 UNE_MAX U23_MM UR2
U31 U31_MM UR2R1
F | F_MM UR21_MAX
1 11_MAX IR1
12 12_MAX IR2
13 13_MAX IR2R1
IPE IPE_MAX IR21_MAX
P P_MAX
Q Q_MAX " Only if measurement of homopolar
S S_MAX voltage has been activated
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2 1>21/2.2 1>3.1/3.2 1>4.1/4.2
911712 92117122 93.1/3.2 94.1/4.2
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[ [ Instantaneous values

)

B6 Display matrices for 3-wire systems, unbalanced load, Aron

Device Corresponding matrix
AM1000 u12 U12_MM UR1
u23 U23_MM UR2
U31 U31_MM UR2R1
F F_MM UR21_MAX
11 11_MAX
12 12_MAX
13 13_MAX
IMS
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2
91.1/1.2
AM2000 u12 U12_MM UR1
u23 U23_MM UR2
u31 U31_MM UR2R1
F F_MM UR21_MAX
11 11_MAX
12 12_MAX
13 13_MAX
IMS
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2 1>21/2.2 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/22 93.1/3.2 94.1/4.2
AM3000 u12 UNE u12_MM UR1
u23 UNE_MAX U23_MM UR2
u31 U31_MM UR2R1
F | F_MM UR21_MAX
11 11_MAX
12 12_MAX " Only if measurement of homopolar
13 13_MAX voltage has been activated
IMS
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2 1>21/2.2 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/22 93.1/3.2 94.1/4.2
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B7 Display matrices for 4-wire system, balanced load

[ @] Instantaneous values

)

Device Corresponding matrix
AM1000 U U_MM
UNE UNE_MAX
I I_MAX
F F_MM
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
>1.1/1.2
91.1/1.2
AM2000 U U_MM
I I_MAX
P P_MAX
F F_MM
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2 1>2.1/2.2 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921722 93.1/32 941742
AM3000 U U_MM
UNE UNE_MAX
I I_MAX
F F_MM
P P_MAX
Q Q_MAX
S S_MAX
PF
P_TRIANGLE
PF_MIN Co_MIN
1>1.1/1.2 1>2.1/2.2 1>3.1/3.2 1>4.1/4.2
911712 921/22 93.1/32 941742
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B8 Display matrices for 4-wire systems, unbalanced load

[ [ Instantaneous values

Device Corresponding matrix
AM1000 UIN U12 UIN_MM U12_MM UR1
U2N u23 U2N_MM U23_MM UR2
U3N U31 U3N_MM U31_MM uo
UNE F F_MM UR21_MAX | UNB_UR2_UR1
1 11_MAX IR1
12 12_MAX IR2
13 13_MAX 10
IN IN_MAX UNB_IR2_IR1
P P1 Qt 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
1>1.1/1.2
91.1/1.2
AM2000 UIN u12 UIN_MM/ U12_MM [ UR1
U2N u23 U2N_MM / U23_MM | UR2
U3N U3t U3N_MM / U31_MM | U0
UNE F F_MM/ UR2_ MM | UNB_UR2_UR1
1 11_MAX IR1
12 12_MAX IR2
13 13_MAX 10
IN IN_MAX UNB_IR2_IR1
P P1 Qt 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
1>1.1/1.2 >21/22 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921/22 93.1/3.2 941742
AM3000 UIN u12 UIN_MM/U12_MM | UR1
U2N u23 U2N_MM/U23_MM [ UR2
U3N u31 U3N_MM/U31_MM | uo
UNE F F_MM /UR21_MAX |UNB_UR2_UR1
11 IN 1_MAX /IN_MAX [IR1
12 IPE 12_MAX /IPE_MAX |[IR2
13 IMS I3_MAX /IR21_MAX |10
F UNB_IR2_IR1
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
1>1.1/1.2 >21/22 1>3.1/3.2 1>4.1/4.2
911712 921722 93.1/32 941742
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B9 Display matrices for 4-wire system,

[ @] Instantaneous values

unbalanced load, Open-Y

Device Corresponding matrix
AM1000 UIN u12 UIN_MM U12_MM
U2N u23 U2N_MM U23_MM
U3N U3t U3N_MM U31_MM
UNE F F_MM UR21_MAX
[ 11_MAX IR1
12 12_MAX IR2
13 13_MAX 10
IN IN_MAX UNB_IR2_IR1
P P1 Qt 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
1>1.1/1.2
91.1/1.2
AM2000 UIN u12 UIN_MM/ U12_MM
U2N u23 U2N_MM / U23_MM
U3N u31 U3N_MM / U31_MM
F F FMM [ -
[ 11_MAX IR1
12 12_MAX IR2
13 13_MAX 10
IN IN_MAX UNB_IR2_IR1
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
1>1.1/1.2 1>2.1/2.2 1>3.1/3.2 1>4.1/4.2
91.1/1.2 921722 93.1/32 941742
AM3000 UIN u12 UIN_MM / U12_MM
U2N u23 U2N_MM / U23_MM
U3N u31 U3N_MM / U31_MM
UNE F UNE_MAX / F_MM
1 IN 11_MAX / IN_MAX IRT
12 IPE [2_MAX /IPE_MAX [ IR2
13 IMS I3_MAX /IR21_MAX |10
F UNB_IR2_IR1
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
1>1.1/1.2 1>21/22 1>3.1/3.2 1>4.1/4.2
911712 921722 93.1/32 941742

PM 1000162 000 15

Device handbook SINEAX AMx000

114/118



B10 Common display matrices

Anzeigemenii Zugehorige Matrix
SP_I_IV_HT
[_ = ] SP_I_IV_NT
& Energy SP_II_IIl_NT
SP_IL_II_HT
[ Meter contents J sQ 1 Il HT
$Q Il _NT
[ Standard meters J SQ_ILIV_HT
SQ I II_NT
SMETER1
SMETER2
SMETER3
[— = ] SMETER4
= Energy SMETER5
SMETER6
[ Meter contents } SMETER?
[ User meters } ZMETERS
SMETER9
SMETER10
SMETER11
SMETER12
&) Energy ] MT_P_ILIV MT_P_IL_IIl MT_Q Il MT Q IILIV |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 ] M5/ TR_M5 M5_MM
M6 / TR_M6 M6_MM For AM1000
[ Mean-values J M7 / TR_M7 M7_MM divided into 2
M8 /TR_M8 M8_MM images
[ User mean-values + trend J M9 7TR O YERYIY
M10/T§_M10 M16_MM
M11/TR_M11 M11_MM
M12/ TR_M12 M12_MM
T E } 1B1 IB1_MAX
(W) Energy 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
A— & - — 0 |0 |0 | conditions are fulfilled
AND | A vl 0 [1 |0
B — B B— 1. ]0 |0
1 1 1
A | B | Y | Functionis true if at least
A— & A A — 0 0 1 one of the input
NAND o-Y Y 0o |1 [1 o ,
B — B - B—| 1 0 1 conditions is not fulfilled
1 1 10
A | B | Y | Function is true if at least
A— =1 A A — 0 |0 |0 Joneofthe input
OR —Y Y 0o [1 |1 L
B — B B—| 1 0 1 conditions is fulfilled
1 1 1
A | B | Y | Functionis true if none of
0 [0 [1 i i ;
A— =1 o — the input conditions is
NOR oy | A Y 0 11 10 I fufilled
B— B B—j 1. /0 [0
1 110

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 . L )
X The monitoring function is reduced to one input only. The state of
DIRECT | ~ Y 0 |0 X
b 1 1 the output corresponds to the input.
AlY . C .
X The monitoring function is reduced to one input only. The state of
— =1 p——
INVERT | » I . Y ? (1) 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.
¢ 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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