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Z E S ZIMMER Electronic Systems GmbH Chapter 1

1 Instructions and Warnings

1.1  Safety Instructions

This instrument conforms to the EN61010-1 guide lines concerning the protection of electrical
instrumentation and has left the factory in a mechanically and electrically safe condition. To
maintain safe operation, the user must follow the instructions and warnings contained in this
manual. The instrument satisfies the requiremensadéction class I(protective earthing).
Accessible metal parts of the instrument are tested with respect to the mains connection using a
potential of 1500V/50Hz. Before connecting the apparatus to the mains supply, ensure that the
voltage displayed on the type plate equals the available mains supply voltage. A possibly
installed power supply selector has to be set up. The mains plug must only be connected to an
earthed mains outlet. The earth connection must not be discontinued or broken by using an
extension lead without earth connection. The instrument must be connected to the mains
supply before any measurement or control circuits are connected to it. Any disconnection of
the earth lead inside or outside of the instrument will endanger the operating personal.
Deliberate disconnection of the earth is not permitted. When the instrument is used in
combination with other instruments, then proceed as follows:

The external earth connector on the back of the instrument must not be used to earth other
electrical equipment. It is only intended to provide additional earthing of the instrument in case
an error occurs in the circuit under test which may cause an earth current to flow in excess of
10A which cannot be carried by the mains supply cable. If this further earthing cannot be
implemented, then the measuring circuit must be suitably fused prior to its connection to the
instrument. In this case, it is necessary to connect the measuring instrument to an earth
connection point via the earth connector using a conductor with sufficient cross section. If this
is not possible, the instrument has to be connected to the circuit to be tested via adequate
fuses. The measuring inputs are isolated to case for operating voltages up to 1000V according
to protection class I.

By opening the instrument components are exposed which may be raised to a hazardous
potential. All voltage sources must be disconnected from the instrument before any instrument
covers are removed for the purpose of calibration, service, repair or changing components.
When access is required for calibration, service or repair, only suitably qualified personnel are
permitted access to an opened and energised instrument.

Fuses may only be replaced with the same ratings and the same types. The use of repaired or
short circuited fuses is not permitted. The instrument should be disconnected and disabled from
accidental use when it is suspected that its safe operation cannot be warranted. The required
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Instructions and Warnings LMG500

repair work must then be carried out by a suitably qualified person who is familiar with any
dangers involved.

It must be considered unsafe to operate the instrument:

 if there is visual evidence of physical damage

* if the instrument fails to operate correctly

» after long-term storage under unfavourable circumstances

 if there are condensation forms due to excessive temperature changes
» following rough transport conditions

If the instrument was opened, a high voltage test according to the technical data and a test of
the protective conductor are necessary following the closing of the instrument.

Storage temperature range: -20°C to +55°C

Climatic class: KYG according to DIN 40040
0°C...40°C, humidity max. 85%, annual average 65%, no dewing

General

A Warning!  Opening the instrument exposes components which contain high voltage.
This is only permitted by trained personnel.
User risks injury by removing cover and may void

any manufacturer ’s warranty. All voltage sources must be
disconnected from the instrument before any instruments covers are
removed. Only suitably qualified personnel are permitted such access for
the purpose of calibration, service, repair or changing of components.

If the instrument has been opened, a routine test according to EN61010-1
(test of the protective conductor and voltage test) are necessary following
the closing of the instrument for safety purposes prior to use.

A Warning!  Fuses may only be replaced with the correctly rated and required types as
written in this manual. The use of repaired, short-circuited or incorrect
fuses is not permitted.

A Warning!  The environmental conditions must be observed to ensure safe operation
of the instrument.

Use in any type of wet or explosive environment or in presence of
flammable gases or liquids is especially prohibited.

A Warning!  The instrument and accessories (such as wires and clips)must be checked
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A Warning!

before each use. Defective parts must be replaced.

Ventilation openings must be kept clear to guarantee the required air flow
and to prevent overheating of the instrument. In the same way, the air
filter at the air inlets must be clean to permit suficient air flow. Do not
operate the instrument without air filter or the filter holder as injury may
result.

When mounting the instrument into a rack, make sure that the slide rails
do not cover any ventilation openings.

The instrument must not be used in a medical environment nor in any
other environment that may have a potential effect on life or health.

Impacts or rough handling may damage the instrument. Do not place
heavy objects on the instrument.

If the weight of the instrument is too heavy to be carried by one person,
carry the instrument with two persons and/or use a appropriate tool. In all
cases, use the handles and grips of the instrument to lift and carry it
safely.

The instrument igot designed to detect hazards or something similar!

A wrong reading (e.g.by choosing a wrong filter or range) could give you
the wrong impression of a safe state. Use only tools which were designed
for this purpose (e.g. a voltage detector) instead of this instrument to
detect dangerous situations.

Be careful when connecting external equipment like an external keyboard
or mouse to the instrument. They might not be designed to operate in the
same EMC environment as the instrument and therefore they could be
disturbed. This could lead to unwanted operation of the instrument like
changing ranges or something similar.

When connecting the instrument watch the order of connections: First
connect it to the protective conductor and the power supply, then
connect it to the measurement circuit. Then switch on the instrument, and
finally, after double checking the wiring, switch on the measurement
circuit.
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Connection to power supply and protective conductor

A Attention!

A Warning!

Before connecting the mains cable to the power supply, confirm that the
mains supply voltage corresponds to the voltage printed on the model ’s
identification plate. If a voltage selector switch exists, it must be set
appropriately. A suitable power source has to be used to operate the
instrument.

The mains plug may only be inserted into a mains power supply socket
with protective earth contact. This protection must not be disabled by the
usage of plugs, cables or extension cords without protective earth.

The mains plug must be inserted into a mains socket with protective
conductorbefore  any other connections are made to the instrument.
Any kind of interruption of the protective conductor, inside or outside the
instrument, or disconnecting the protective conductor can result in an
unsafe condition of the instrument and is not allowed. The usage of
cables, plugs, sockets or adapters with only two poles, prongs or
connectors is not allowed.

The additional protective conductor terminal of the instrument
chassis (green/yellow safety jack on the back of the instrument) must be
used for the case where an earth current in excess of 10 A might result
accidentally from the circuit under test.

Such currents are too large for the earthing connection of the instrument
supply cord. In case of a single fault, the protective conductor might not
be able to carry this current. If it would be interrupted, the case would no
longer be protected against electric shock!

In this case, connect the additional protective conductor terminal with an
adequately rated cable to a suitable earthing point. The additional
protective conductor terminal is limited to currents up to 32A.

If reliable earthing cannot be realized, the connections between the circuit
under test and the instrument must be fused appropriately.

The earth terminal on the instrument must not be used as the only earth
connection for the instrument nor must the circuit under test nor any
other instrument be earthed by this terminal.

22



Z E S ZIMMER Electronic Systems GmbH Chapter 1

Connection to measurement circuit

A Attention!

A Attention!

Remove all energy source from the measurement circuit before making
any connections between this circuit and the analyzer. Do not plug or
disconnect any cables when they contain or carry voltage relative to
earth.

Use only measurement cables with safety connectors and suficient cross
section. Be sure that the cables have a suficient voltage rating and are
usable for the desired overvoltage and measurement category.

Cables not having safety but standard connectors might have insuficient
clearance and creepage distances, even if they are plugged into the
socket. So there is always a risk of a electric shock.

Use only colored cables which match to the color of the jack to help
prevent a wrong connection.

When connecting the measurement circuit, take special care not to
connect the voltage wires to the current input of the instrument. When
switching the measurement circuit on, this would result in a short circuit
which risks damage to the analyzer and to the user!

Such short circuits can be very dangerous, as currents of several thousand
ampere might flow during the short circuit!

To prevent this usenly cables with suitable fuses as the ones
delivered together with the instrument for the connection of the voltage
measurement circuit to the instrument.

The fuses in the voltage measurement cables will interrupt the current
flow for the case that these cables are accidentally inserted into the low
ohmic current measurement jacks. By this short circuiting of a source
with high short circuit power and/or measurement category (e.g.the
output of a energy distribution transformer) will not cause any hazard.

The yellow and black voltage cables have each an implemented fuse.
Before and after each measurement: Check the fuse! To replace this fuse,
remove the cable on both sides from all circuits to make it free of
dangerous voltages. Unscrew the fuse holder. Replace the fuse only with
following type:

6.3x32mm, FF 500mA, 1000V AC+DC, 30kA breaking capacity
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A Attention!

Attention!

Attention!

Attention!
Attention!

Attention!

> D> B> Db D

Screw the fuse holder together again.

When connecting to a source with high short circuit power and/or
measurement category (e.g.the output of a energy distribution
transformer), massive damage could occur when mismatching cables,
short-circuiting the measurement circuit, or using the current jacks of the
instrument instead of the voltage jacks and similar. So it is recommended
to use appropriate fusesafi  (also the current) measurement cables.
When selecting a fuse, ensure that at least the following properties are
met:

The usual measuring current must flow without interruption (rated
current of the fuse)

The short circuit current of the measurement circuit must be interrupted
safely (breaking capacity of the fuse)

The maximum voltage of the measurement circuit must be interrupted
safely (rated voltage of the fuse)

The fuse must be suitable for the type of current:AC, DC or both
(breaking capacity of the fuse)

The fuse must be fast enough to protect the cables and the instrument

The maximum voltages between the jadkendU* may not exceed the
technical specifications.

The maximum currents at the jadksandl* as well as the maximum
voltage between the jacks andl sensor may not exceed the technical
specifications.

The maximum voltages of the jaddsU* , | , I*, andl sensor against
earth may not exceed the technical specifications

The maximum voltages of the jaddsU* against , I* andl sensor
may not exceed the technical specifications

External current sensors or transformers with 1 A or 5 A secondary
current must be connected to the jackandl* only. External devices
with higher secondary currents are not allowed, because they could
overload the measurement channel and interrupt the current! Also fuses
are not allowed in the measurement cables.

Before using these jacks, test if they have a low impedance current path
to prevent high voltages at the output of the external device.
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A Attention!

A Attention!
A Attention!

A Attention!

In general, it is dangerous to interrupt the secondary side of a current
transformer as there might appear very high voltages which could lead to
electric shock.

For transformers with 1 A or 5 A secondary current, the jaclendI*
can carry suficient overload current and will not be interrupted by usual
overload.

Cables from/to external sensors are usually designed to operate with low
voltages (<10V). When using these in an environment with a high voltage
circuit, use caution as further isolation might be necessary. For the
operation itself the isolation is suficient, but if these cables touch a bare
conductor with dangerous voltages this can cause an unsafe condition! In
such cases, further isolation might be necessary.

For example, the secondary cables of a current clamp have a very low
voltage, but they could touch the current bar which has a dangerous
voltage against earth.

Especially when establishing external connections, special care must be
taken to prevent electrostatic discharge.

Different sensors might require different connection cables to the
instrument. When changing a sensor, please ensure that a correct cable is
used. Usually the cable is dedicated to a sensor.

Keep away from energized measurement circuits to prevent electric
shock. When performing measurements on installations or circuits, please
observe all safety regulations and guidelines. In particular, only suitable
measurement accessories should be used. Only suitably qualified
personnel are permitted to work with energized measurement circuits.

When you put the instrument out of operation, all external cables shall be
removed. Special care has to be taken when disconnecting current
sensors and current transformers. Before interrupting their secondary
current, the primary current has to be switched off. After disconnecting,
the secondary side, the current sensors or current transformer has to be
short-circuited to prevent dangerous voltages.
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2 General

The Multi Channel Power Meter LMG500 extends the ZES multimeter product range for
power measurement. It benefits from experience and know-how gained from the successful
ZES LMG310, LMG95 and LMG450 series.

Due to the high sampling rate which is used in this instrument, it is now possible to make
accurate power and efficiency measurements in 1 to 8 phase system configurations with a
variety of load and signal components containing frequencies in the precision range from DC to
10MHz.

Monitoring and storing transients, harmonic analysis as well as time domain views of signals’
waveform on the graphical display (oscilloscope mode) are all available with this instrument.

A special feature of the instrument is the simple, direct and intuitive topology of the operating
buttons. The display of different quantities and menus for setting up the instrument is normally
achieved with only a single touch of one button.

2.1  Features and application areas

Voltages and currents can be measured over a wide dynamic range. This makes the LMG500
instrument suitable for almost all professional measurement applications such as converter-fed
alternating current machines and power- and energy electronic applications. Various wire- and
phase configurations can be pre-selected to suit any required user application.

Another feature of the instrument is to suppress high frequency harmonics by means of
selectable filters. This makes it possible to take only the fundamental harmonics into account,
which build the torque and the mechanical power at the motor output.

Due to the exceptionally good common mode rejection of each current/voltage input channel it
is possible to measure currents and voltages which float up to 1000V and at high frequencies
with respect to earth. This is particularly important for measurements in inverter- and rectifier
circuitry and in switched mode power supply applications.

The harmonics measuring mode (standard in the base instrument) permits the compliance
measurement of high frequency harmonic reflections in networks according to EN61000-3-2
standard.

The extended harmonic mode up to th& &@ailable as option provides to obtain the energy
distribution over different frequency ranges and can thus investigate their relative contribution
to the total consumption of energy.
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The LMG500 is suitable for measurements in electromagnetically noisy environments to
EN61000-4. This feature is of particular importance for measurements in power electronics.

Other applications include the measurement of reactive and non-linear component losses (such
as in transformers, chokes, motors, capacitors, power supplies), the computation of the
efficiencies of photovoltaic modules and other alternative energy components. Further on you
can calculate energy and charge, e.g. of accumulators.

A further highlight are the special ZES ZIMMER current clamps. This unique accessories
combine both, the easy usage of clamp-on current transformers with the low uncertainty of fix
installed current transformers with primary winding for small currents from 0.1A to 80A. They
are compensated for very small uncertainties for amplitude and phase over frequency. So they
can be used in power measurement in a wide current and frequency range. With them you can
measure with power accuracies up to 0.3% in the frequency range 5Hz to 20kHz. So it is
possible to measure the output of a PWM inverter without interrupting the wires.

2.2  Usage of the manual

The LMG500 is operated either by pressing buttons with hard-wired functions (in the
following characterised byalic style), or by using softkeybdld style) which will perform

tasks that depend on a particular menu choice. This approach makes it possible to call all
functions using a limited number of buttons without a need to call double or triple functions
with one button. There are no menu trees so that the user does not need to fight his way
through a menu jungle in order to call a particular display. Each menu can be called by simply
pressing a single button.

The upper 6 buttons of the numerical keydadféult, Current, VoltageRower,Int. Value

and Graph enable the display of the standard measuring values by simply pressing a single
button. In this menu a specified selection of the respective measuring values can be displayed
using the soft keys.

The menus for the parameter set-up is called via the lower 6 buttons of the numerical keypad
(Measuring, Int. Time, Custom, Range, Misc., IFI®hereby, all the instrument parameters
can be adjusted using the soft keys.

Despite the simple and intuitive operation of the controls, it is recommended that even
experienced users should carefully read and work through this manual to eliminate
operational mistakes and to explore the full capability of the instrument.

There are following measuring modes:

* normal mode
In this mode the LMG500 works as a power-meter with integrated scope function. The
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TRMS values of voltage and current, the power and derived values are measured via the
power measuring channels.
* CE harmonics mode
In this mode the LMG500 works as an harmonic analyser. All measurements are judged
according to the standards. There is only a minimum of settings to prevent set-up errors.
* CE flicker mode
In this mode the LMG500 works as a full compliance flicker meter. All measurements are
judged according to the standards. There is only a minimum of settings to prevent set-up
errors.
e Harm100 mode
In this mode the LMG500 works as an harmonic analyser for 100 harmonic components.
You get many values like phase angles and the power at each frequency.

The active mode depends on the setting irMbBasuringmenu. Some other menus also
depend on this setting (see the respective description).

For each measuring mode you find a chapter in the manual. Inside this chapter the different
menus for this operating mode are described.

H B Hormi Rctive] FE
EL:HIJI |L:I||I:|2 |L:|||I:|3 %Ep*‘r Lz Local
(o )f6Tobais [ B B [ycl.
Cycless f.88 | # Rver
Average |1 | i
Wiring [3+1, UAL=—DUATA ]

ey ay

Figure 1: Measuring menu

2.3  General handling of the instrument

The main menus are reached by pressing the corresponding key of the keypad. In many menus
you find softkeys which change their function depending on the menu. Above the softkey list
you have symbols for the actual behaviour of the rotary knob:

blank  The rotary knob is inactive (neither rotating nor pushing has any effects)

2Py
@ By rotating the knob, you can select different tabs. By pushing the knob, you get a
new selection of softkeys in a lower menu layer.
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oy
) By rotating the knob, you can select different actions (depends on the context of the
menu). By pushing the knob, you go back one menu to the upper menu layer.
@) | | .
X vYouare entering a text. The effect of the rotating depends on the softkey settings. By

TEdit I

pushing the knob, the character at the cursor position of the selection list is copied to
the input field. See also ‘4.&ntering identifiers, characters and text’

All softkeys are of following types. They are identified by the small symbol in the
upper left corner. The text in the softkeys depends on the context of the menu.

Execution softkey. The action described by the text is executed immediately without
the possibility to cancel it.

Branch softkey. After pressing this softkey a new list of softkeys will appear. Now
you can select one of this new softkeys or you can cancel the action be FE&SSing

List softkey. After pressing this softkey you get a selection list. You can choose one
element of the list (with the rotary knob) and then you can confirm your choice by
pressing the rotary knob &NTERor you can cancel the selection by pres&isg

Text edit softkey. After pressing this softkey you can enter identifiers (for example in
the script editor or to output values via the analogue outputs). This kind of text input
is described in4.5, Entering identifiers, characters and text’

Rotary knob action softkey. This is a group of one or more softkeys. The softkey with
the knob symbol is the actual active (in this case the knob would move the window).
All inactive softkeys have no symbol in the upper left corner. If you in this example
press orzoom the symbol will change to this softkey.

If you have a small box like the ‘-x-" in the above Zoom button, the text in this box
represents the actual setting. In the above example you would zoom the signal in X
direction. If you press again this button, the content of the small box changes to ‘-y-’
and you would zoom the signal in Y direction.

30



Z E S ZIMMER Electronic Systems GmbH Chapter 2

Count softkey. After pressing this softkey you can adjust the depending values with
the opening up and down buttons in fixed steps.

e Time softkey. After pressing this softkey you can adjust a time setting. The values for

hours, minutes and seconds must be separated by a colon, pressing thdibatton
Then you can confirm your adjustments by pressing the rotary kel HERor you
can cancel the selection by presdi8C

Oate
; Date softkey. After pressing this softkey you adjust a date. The values for day, month
and year must be separated by a colon, pressing the MigariThen you can
confirm your adjustments by pressing the rotary kndbNfERor you can cancel
the selection by pressitESC

iGDUE \

Time duration softkey. After pressing this softkey you can adjust a time duration, in
which e.g. an integration of values should be made. You can set up the duration in
several data formats e.g. in seconds without a hyphen or by values for hours, minutes
and seconds separated by a colon (pressing the IMigor). Confirm your choice by
pressing the rotary knob &NTERor you can cancel the selection by pres&isg

EE Srale

- Digit softkey. After pressing this softkey you must enter numbers. Then you can
confirm your choice by pressing the rotary knolie&ITERor you can cancel the
selection by pressingSC

2.4  The group concept

The power measuring channels of each unit allow a lot of measuring capabilities, but they
require also a special handling. For this reason we have used so called ‘groups’. In one group
you find one or more measuring channels which belong logically together. A group is a logical
unit and there are several menus which display values out of one group or which set-up
parameters for one group (e.g. ranges). The groups are defined by the selected wiring (see the
chapters about the measuring menu). There are maximum 2 groups in each instrument. If two
LMG500 are combined, up to two groups per instrument can occur.

For example with 4 measuring channels you can have three principle measuring situations:
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* You measure with all channels (group A) at the same system (which means you have the
same frequency at each input). Examples for such systems are 4 phase motors driven by
frequency converters or standard main supply with L1, L2, L3, N and PE (in this case you
could for example measurgdnd Upe)

In this situation there is no group B!
The standard wiring for this is ‘4+0 channels’.

* You measure with the first channels (group A) at one system and with the last channel
(group B) at another system. Examples for such systems are standard 3 phase systems with
one phase output, motor applications at frequency converters where the torque is measured
with the 4" channel or car applications, where tfieannel measures the DC power of the
battery.

The standard wiring for this is ‘3+1 channels’.

If you have installed the option star to delta conversion, (L50-O6) you have three further
possible wirings:

‘3+1, U*I*->U AlA

‘3+1, UAI*->U AIN

‘3+1, UAI*->U*I*

* You measure with 2 channels (group A) at one system and with the other two channels
(group B) at the second system. Examples for this could be three phase converter from
50Hz to 60Hz.

Both groups are measured in 2 wattmeter method. There are two possible applications:
You measure a 3phase, 3wire system (aron ciitot) set to on)

You measure a 2phase, 3wire systé&m( set to off).

The standard wiring for this is ‘2+2 channels’.

If a group has more than one measuring channel, you can get additional information about the
group:

* In many cases the instantaneous values of all used measuring channels are calculated
together. By this you can see for example the not measured voltages and currents in wiring
‘A:1+2 B:3+4’ (aron circuit).

This virtual channel can be used like a standard channel (you get all values, scope,
harmonics, flicker, ...)
This kind of channels we call ‘linked channels’

» The total values of a group are calculated (total active power, total power factor, total

energy, ...).
This kind of channels we call ‘'sum channels’.
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Following you find an overview over the different wirings, the groups, the measured values
and where you can find the values in the display. The definition of the header can be found in
chapter 5.4,Display of values’.

Wiring ‘1+0 Channels’ (1 channel instruments only)

Display |Group |Meaning Header
channel
1 A The values measured with the first measuring channel Chnl Al

Wiring ‘2+0 Channels’ (2 channel instruments only)

Display |Group |Meaning Header with Aron sqt

channel to off

1 A The values measured with the first measuring |Chnl (U12,11) A:1
channel

2 A The values measured with the second measuringchn2 (32, 13) A:2
channel

9 A The calculated (not measured) currerarid Link12 (U31, 12)
voltage U, of group A (linked channel) A9

15 A The total values (sum channel) of group A (disp|&um(1-2) A:15
channel 1 to 2)

Wiring ‘2+0 Channels’ (2 channel instruments only)

Display |Group |Meaning Header with Aron

channel set toon

1 A The values measured with the first measuring Chnl Al
channel

2 A The values measured with the second measuring Chn2 A:2
channel

9 A The calculated (not measured) currerarid voltage Link12 (U3,13) A:9
U, of group A (linked channel)

15 A The total values (sum channel) of group A (displaysum(1-2) A:15
channel 1 to 2)

Wiring ‘1+1 Channels’ (2 channel instruments only)

Display |Group |Meaning Header
channel

1 A The values measured with the first measuring channel Chnl Al
2 B The values measured with the second measuring channel Chn2 B:3
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Wiring ‘3+0 Channels’ (3 channel instruments only)

Display |Group |Meaning Header

channel

1 A The values measured with the first measuring channel Chnl Al

2 A The values measured with the second measuring channel Chn2 A:Z
3 A The values measured with the third measuring chanpel  Chn3 A:3
15 A The total values (sum channel) of group A (display | Sum(1-3) A:15

channel 1 to 3)

Wiring ‘2+1 Channels’ (3 channel instruments only)

Display |Group |Meaning Header with Aron sg

channel to off

1 A The values measured with the first measuring |Chnl (U12,11) A:1
channel

2 A The values measured with the second measuringchn2 (U32, 13) A:2
channel

3 B The values measured with the third measuring | Chn3 B:3
channel

9 A The calculated (not measured) currerarid Link12 (U31, 12)
voltage U, of group A (linked channel) A9

15 A The total values (sum channel) of group A (disp|&um(1-2) A:15

channel 1 to 2)

Wiring ‘2+1 Channels’ (3 channel instruments only)

Display |Group |Meaning Header with Aron

channel set toon

1 A The values measured with the first measuring Chnl Al
channel

2 A The values measured with the second measuring Chn2 A:2
channel

3 B The values measured with the third measuring |[Chn3 B:3
channel

9 A The calculated (not measured) currerarid voltage Link12 (U3,13) A:9
U, of group A (linked channel)

15 A The total values (sum channel) of group A (displaysum(1-2) A:15

channel 1 to 2)

Wiring ‘4+0 Channels’ (4 channel instruments only)

Display
channel

Group

Meaning

Header
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Display |Group |Meaning Header
channel
1 A The values measured with the first measuring channel Chnl Al
2 A The values measured with the second measuring channel Chn2 A:Z
3 A The values measured with the third measuring chanpel  Chn3 A:3
4 A The values measured with the fourth measuring channel Chn4 A:4
15 A The total values (sum channel) of group A (display | Sum(1-4) A:15
channel 1 to 4)

For typical measuring circuit see 3.3 Measuring circuit for typical line applications using the
internal current path’.

Wiring ‘3+1 Channels’ (4 channel instruments only)

Display |Group | Meaning Header
channel

1 A The values measured with the first measuring channgl Chnl Al
2 A The values measured with the second measuring channel Chn2 A:2
3 A The values measured with the third measuring channel Chn3 A:3
4 B The values measured with the fourth measuring channel Chn4 B:4
15 A The total values (sum channel) of group A (display |Sum(1-3) A:15

channel 1 to 3)

For typical measuring circuit see 3.3 ®¢asuring circuit for measuring efficiency of 3/1phase
systems’.

Wiring ‘2+2 Channels’ (4 channel instruments only)

Display |Group | Meaning Header with Aron

channel set tooff

1 A The values measured with the first measuring |Chnl A:1
channel

2 A The values measured with the second measuringChn2 A:2
channel

3 B The values measured with the third measuring |Chn3 B:3
channel

4 B The values measured with the fourth measuring |Chn4 B:4
channel

9 A The calculated (not measured) currerdrid voltageLink12 (U3,13) A:9
U, of group A (linked channel)
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Display |Group | Meaning Header with Aron

channel set tooff

10 B The calculated (not measured) curremind voltageLink34 (U3,13) B:10
U, of group B (linked channel)

15 A The total values (sum channel) of group A (displagum(1-2) A:15
channel 1 to 2)

16 B The total values (sum channel) of group B (displa@um(3-4) B:16

channel 3 to 4)

For typical measuring circuit see 3.3 8l€asuring circuit for measuring efficiency of 3/3phase
systems’ if you replace ‘L2’ by ‘N’.

Wiring ‘2+2 Channels’ (4 channel instruments only)

Display |Group | Meaning Header with Aron se

channel toon

1 A The values measured with the first measuring |Chnl (U12,11) A:1
channel

2 A The values measured with the second measurinGhn2 (U32,13) A:2
channel

3 B The values measured with the third measuring | Chn3 (U12,I1) B:3
channel

4 B The values measured with the fourth measuringChn4 (U32,13) B:4
channel

9 A The calculated (not measured) currerarid Link12 (U31,12) A:9
voltage U, of group A (linked channel)

10 B The calculated (not measured) curremind Link34 (U31,12) B:10
voltage U, of group B (linked channel)

15 A The total values (sum channel) of group A (displ8ym(1-2) A:15
channel 1 to 2)

16 B The total values (sum channel) of group B (displ@ym(3-4) B:16

channel 3 to 4)

For typical measuring circuit see 3.3 8l€asuring circuit for measuring efficiency of 3/3phase

systems’.

For further information about this tables see also chapteZe8nition of measuring values’.

So a general rule what you see is:

All measuring channels

All channels calculated from sample values (linked channels)

All channels calculating the total values of a group (sum channels)
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2.5 Linked values, star to delta conversion (option L50-06)

If you have installed the option star to delta conversion you can calculate values, which you
can’t measure directly (for example if you have a load in delta circuit, and want to know, how
big is the power in each load, you could use the wiring ‘341* 53U AlA’. Then you would

measure the current in the three phases and the voltages between the phases. As linked values
you get the voltage, current, power and all other values of each load, refer the following

figure).

Mp
L1

O [l To
12p 12 R3
L2
123
@] | =
SINECNNIE
ap R2
L3
R5
U1p Uzp u3p
R4 N
1 2 3 1

Ré

uo

N

Figure 2: Allocations of the different linked values

Important note!

You can only perform a star to delta conversion, if this is physically possible. For the
calculation we assume following conditions:

e ul+u2+u3 =0

ul2+u23+u3l =0
i1+i2+i3=0
i12+i23+i31 =0

This assumption may not be met in following examples:

* You have a load in star circuit and there is a current flow out of the midpoint. So yoy can’t
transform this circuit to a equivalent delta circuit, because this would only have 3 wirgs
instead of 4! This can be a typical problem when using frequency converters: Due tojthe
high clock frequencies there might be a capacitive earth current which is the fourth ,\Wire".

* You have a circuit in a delta configuration. If there are additional sources in one or ajl of the
three ‘loads’ (e.g. by induction), there can flow a current inside the delta circuit.

Following you find an overview over the different wirings, the groups, the measured values
and where you can find the values in the display. After the grouping of the wiring you see how
the signals are connected to instrument and what values are calculated.
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Wiring ‘3+0, U*I*->U AIA’ (3 channel instruments only)

Display |Group |Meaning Header

channel

1 A The values in star circuit measured with the fi@tnl (U1,I11) A:1
measuring channel ¢Ul,)

2 A The values in star circuit measured with the |Chn2 (U2,12) A:2
second measuring channeb(l})

3 A The values in star circuit measured with the | Chn3 (U3,I3) A:3
third measuring channel {Uls)

9 A The values in delta circuit, calculated from |Link123 (U12,112) A:9
display channel 1 to 3 @4 11»)

10 A The values in delta circuit, calculated from |Link123 (U23,123) A:1(
display channel 1 to 3 @ 123)

11 A The values in delta circuit, calculated from |Link123 (U31,131) A:1]
display channel 1 to 3 @ 131)

15 A The total values (sum channel) of group A | Sum(9-11) A:15
(display channel 9 to 11)

For typical measuring circuit see 3.3 ®l€¢asuring circuit for measuring efficiency of 3/1phase
systems’.

Wiring ‘3+0, U Al*->UAIA’ (3 channel instruments only)

Display |Group | Meaning Header

channel

1 A The values measured with the first measuringChnl (U12,11) A:1
channel (U, 11)

2 A The values measured with the second measu@im2 (U23,12) A:2
channel (s, 1,)

3 A The values measured with the third measuringchn3 (U31,13) A:3
channel (4, 1s)

9 A The values in delta circuit, calculated from |Link123 (U12,112) A:9
display channel 1 to 3 (4 11,)

10 A The values in delta circuit, calculated from |Link123 (U23,123) A:1(
display channel 1 to 3 @] 123)

11 A The values in delta circuit, calculated from |Link123 (U31,131) A:1]
display channel 1 to 3 @ 131)

15 A The total values (sum channel) of group A | Sum(9-11) A:15
(display channel 9 to 11)

For typical measuring circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion
(option L50-06)'.
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Wiring ‘3+0, U AI*->U*I*" (3 channel instruments only)

Display |Group |Meaning Header

channel

1 A The values measured with the first measuring | Chnl (U12,11) A:1
channel (U, 11)

2 A The values measured with the second measur|righn2 (U23,12) A:2
channel (s, 1,)

3 A The values measured with the third measuring| Chn3 (U31,13) A:3
channel (4, 1s)

9 A The values in star circuit, calculated from displaizink123 (U1,11) A:9
channel 1to 3 (Y 1)

10 A The values in star circuit, calculated from displaiink123 (U2,12) A:10
channel 1 to 3 (&) 1)

11 A The values in star circuit, calculated from displaiink123 (U3,13) A:1]
channel 1 to 3 (&) I3)

15 A The total values (sum channel) of group A Sum(9-11) A:15
(display channel 9 to 11)

For typical measuring circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion
(option L50-06)'.

Wiring ‘3+1, U*I*->U AIA’ (4 channel instruments only)

Display |Group |Meaning Header

channel

1 A The values in star circuit measured with the fi@tnl (U1,I11) A:1
measuring channel ¢Ul,)

2 A The values in star circuit measured with the |Chn2 (U2,12) A:2
second measuring channeb(l})

3 A The values in star circuit measured with the | Chn3 (U3,I3) A:3
third measuring channel §{Uls)

4 B The values measured with the fourth measuri@gn4 B:4
channel

9 A The values in delta circuit, calculated from |Link123 (U12,112) A:9
display channel 1 to 3 ¢4} 11»)

10 A The values in delta circuit, calculated from |Link123 (U23,123) A:1(
display channel 1 to 3 @] 123)

11 A The values in delta circuit, calculated from |Link123 (U31,131) A:1]
display channel 1 to 3 @ 131)

15 A The total values (sum channel) of group A | Sum(9-11) A:15
(display channel 9 to 11)
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For typical measuring circuit see 3.3 ®l¢asuring circuit for measuring efficiency of 3/1phase
systems’.

Wiring ‘3+1, U AI*->UAIA’ (4 channel instruments only)

Display |Group | Meaning Header

channel

1 A The values measured with the first measuringChnl (U12,11) A:1
channel (, 11)

2 A The values measured with the second measu@im2 (U23,12) A:2
channel (s, 1,)

3 A The values measured with the third measuringchn3 (U31,13) A:3
channel (4, 1s)

4 B The values measured with the fourth measurn@hn4 B:4
channel

9 A The values in delta circuit, calculated from | Link123 (U12,112) A:9
display channel 1 to 3 ¢4} 11»)

10 A The values in delta circuit, calculated from |Link123 (U23,123) A:1(
display channel 1 to 3 @ 123)

11 A The values in delta circuit, calculated from |Link123 (U31,131) A:1]
display channel 1 to 3 @ 131)

15 A The total values (sum channel) of group A | Sum(9-11) A:15
(display channel 9 to 11)

For typical measuring circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion
(option L50-06)'.

Wiring ‘3+1, U AI*->U*I*" (4 channel instruments only)

Display |Group |Meaning Header

channel

1 A The values measured with the first measuring |Chnl (U12,11) A:1
channel (U, 11)

2 A The values measured with the second measur|righn2 (U23,12) A:2
channel (s, 1,)

3 A The values measured with the third measuring| Chn3 (U31,13) A:3
channel (4, 1s)

4 B The values measured with the fourth measuringChn4 B:4
channel

9 A The values in star circuit, calculated from displaizink123 (U1,11) A:9
channel 1to 3 (Y 1)
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Display |Group |Meaning Header

channel

10 A The values in star circuit, calculated from displaiink123 (U2,12) A:10
channel 1 to 3 (&) 1)

11 A The values in star circuit, calculated from displaiink123 (U3,13) A:1]
channel 1 to 3 (&) I3)

15 A The total values (sum channel) of group A Sum(9-11) A:15
(display channel 9 to 11)

For typical measuring circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion
(option L50-06)'.

For further information about this tables see also chapteZe8nition of measuring values’.

2.6  More than 4 power measuring channels

If you connect a 2nd LMG500 or an extension box to the basic instrument, you can use up to 4
additional power measuring channels. If you have an instrument with up to 8 channels, it is
internally the same like a 4 channel instrument and a second one. This additional channels are
placed in the groups ‘C’ and ‘D’. In principle for the second unit you have the same wiring
selections:

Wiring ‘1+0 Channels’ (1 extention channel instruments only)

Display |Group |Meaning Header
channel
5 C The values measured with the first extension/fifth Chn5 C:5

measuring channel

Wiring ‘2+0 Channels’(2 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values measured with the first extension/fifffChn5 C:5
measuring channel

6 C The values measured with the second Chn6 C:6
extension/sixth measuring channel

12 C The calculated (not measured) curreaind Link56 (U3,13) C:12
voltage U, of group C (linked channel)

17 C The total values (sum channel) of group C (displ&um(5-6) C:17
channel 5 to 6)
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Wiring ‘1+1 Channels’(2 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values measured with the first extension/fitth | Chn5 C:5
measuring channel

6 D The values measured with the second extension/sixtichn6 D:6
measuring channel

Wiring ‘3+0 Channels’(3 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values measured with the first extension/fitth | Chn5 C:5
measuring channel

6 C The values measured with the second extension/sixtiChn6 C:6
measuring channel

7 C The values measured with the third extension/sevent@hn7 C:7
measuring channel

17 C The total values (sum channel) of group C (display | Sum(5-7) C:17

channel 5 to 7)

Wiring ‘2+1 Channels’(3 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values measured with the first extension/fifffChn5 C:5
measuring channel

6 C The values measured with the second Chn6 C:6
extension/sixth measuring channel

7 D The values measured with the third Chn7 D:7
extension/seventh measuring channel

12 C The calculated (not measured) curreaind Link56 (U3,13) C:12
voltage U, of group C (linked channel)

17 C The total values (sum channel) of group C (displ&um(5-6) C:17
channel 5 to 6)

Wiring ‘4+0 Channels’(4 extention channel instruments only)

Display |Group |Meaning Header
channel
5 C The values measured with the first extension/fifth Chn5 C:5

measuring channel
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Display |Group |Meaning Header

channel

6 C The values measured with the second extension/sixtiChn6 C:6
measuring channel

7 C The values measured with the third extension/sevent@hn7 C:7
measuring channel

8 C The values measured with the fourth extension/eightiEhn8 C:8
measuring channel

17 C The total values (sum channel) of group C (display | Sum(5-8) C:17

channel 1 to 4)

Wiring ‘3+1 Channels’(4 extention channel instruments only)

Display |Group | Meaning Header

channel

5 C The values measured with the first extension/fifth Chn5 C:5
measuring channel

6 C The values measured with the second extension/six{ftChn6 C:6
measuring channel

7 C The values measured with the third extension/seventichn7 C:7
measuring channel

8 D The values measured with the fourth extension/eighfftChn8 D:8
measuring channel

17 C The total values (sum channel) of group C (display | Sum(5-7) C:17

channel 5 to 7)

Wiring ‘2+2 Channels’(4 extention channel instruments only)

Display |Group | Meaning Header with Aron

channel set tooff

5 C The values measured with the first extension/fifth Chn5 C:5
measuring channel

6 C The values measured with the second Chn6 C:6
extension/sixth measuring channel

7 D The values measured with the third Chn7 D:7
extension/seventh measuring channel

8 D The values measured with the fourth Chn8 D:8
extension/eighth measuring channel

12 C The calculated (not measured) curreaind voltageLink56 (U3,13) C:12

U, of group C (linked channel)

43



General

LMG500

Display |Group | Meaning Header with Aron

channel set tooff

13 D The calculated (not measured) curremind voltageLink78 (U3,13)
U, of group D (linked channel) D:13

17 C The total values (sum channel) of group C (displggum(5-6) C:17
channel 5 to 6)

18 D The total values (sum channel) of group D (displg$um(7-8) D:18

channel 7 to 8)

Wiring ‘2+2 Channels’(4 extention channel instruments only)

Display |Group | Meaning Header with Aron se

channel toon

5 C The values measured with the first extension/fiftiChnl (U12,11) A:1
measuring channel

6 C The values measured with the second Chn2 (U32,I3) A:2
extension/sixth measuring channel

7 D The values measured with the third Chn3 (U12,11) B:3
extension/seventh measuring channel

8 D The values measured with the fourth Chn4 (U32,13) B:4
extension/eighth measuring channel

12 C The calculated (not measured) curreaind Link56 (U31,12) C:12
voltage W, of group C (linked channel)

13 D The calculated (not measured) curremind Link78 (U31,12) D:13
voltage W, of group D (linked channel)

17 C The total values (sum channel) of group C (dispym(5-6) C:17
channel 5 to 6)

18 D The total values (sum channel) of group D (dispaym(7-8) D:18

channel 7 to 8)

Wiring ‘3+0, U*I*->U AIA’ (3 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values in star circuit measured with the ffi@$tn5 (U1,11) C:5
extension/fifth measuring channely(U,)

6 C The values in star circuit measured with the | Chn6 (U2,12) C:6
second extension/sixth measuring channg| (U
P

7 C The values in star circuit measured with the |Chn7 (U3,13) C:7

third extension/seventh measuring channe) (U

I3)
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Display |Group |Meaning Header

channel

12 C The values in delta circuit, calculated from |Link567 (U12,112) C:11
display channel 5to 7 (4 112)

13 C The values in delta circuit, calculated from |Link567 (U23,123) C:11
display channel 5to 7 @ 123)

14 C The values in delta circuit, calculated from |Link567 (U31,131) C:14
display channel 5to 7 @ 131)

17 C The total values (sum channel) of group C |Sum(12-14) C:17

(display channel 12 to 14)

Wiring ‘3+0, U AI*->UAIA’ (3 extention channel instruments only)

Display |Group | Meaning Header

channel

5 C The values measured with the first Chn5 (U12,11) C:5
extension/fifth measuring channel,§Ul;)

6 C The values measured with the second Chn6 (U23,12) C:6
extension/sixth measuring channep{U,)

7 C The values measured with the third Chn7 (U31,I13) C:7
extension/seventh measuring channgl,(U)

12 C The values in delta circuit, calculated from |Link567 (U12,112) C:11
display channel 5to 7 (4 11»)

13 C The values in delta circuit, calculated from | Link567 (U23,123) C:11
display channel 5to 7 @ 123)

14 C The values in delta circuit, calculated from |Link567 (U31,131) C:14
display channel 5to 7 @ 131)

17 C The total values (sum channel) of group C | Sum(12-14) C:17

(display channel 12 to 14)

Wiring ‘3+0, U AlI*->U*I* (3 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values measured with the first extension/fiftbhn5 (U12,I11) C:5
measuring channel ¢} I,)

6 C The values measured with the second Chn6 (U23,12) C:6
extension/sixth measuring channep{U,)

7 C The values measured with the third Chn7 (U31,I13) C:7
extension/seventh measuring channgl,(l)

12 C The values in star circuit, calculated from displayink567 (U1,11) C:12

channel5to 7 (Y 1)
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Display |Group |Meaning Header

channel

13 C The values in star circuit, calculated from displayink567 (U2,12) C:13
channel 5to 7 (& 1)

14 C The values in star circuit, calculated from displayink567 (U3,13) C:14
channel 5to 7 (&) I3)

17 C The total values (sum channel) of group C Sum(12-14) C:17
(display channel 12 to 14)

For typical measuring circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion
(option L50-06)'.

Wiring ‘3+1, U*I*->U AIA’ (4 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values in star circuit measured with the ffi@$tn5 (U1,11) C:5
extension/fifth measuring channely(U,)

6 C The values in star circuit measured with the | Chn6 (U2,12) C:6
second extension/sixth measuring channg| (U
P

7 C The values in star circuit measured with the|Chn7 (U3,13) C:7
third extension/seventh measuring channe) (U
I3)

8 D The values measured with the fourth Chn8 D:8
extension/eighth measuring channel

12 C The values in delta circuit, calculated from |Link567 (U12,112) C:11
display channel 5to 7 &) 112)

13 C The values in delta circuit, calculated from |Link567 (U23,123) C:11
display channel 5to 7 @ 123)

14 C The values in delta circuit, calculated from |Link567 (U31,131) C:14
display channel 5to 7 @ 131)

17 C The total values (sum channel) of group A | Sum(12-14) C:17
(display channel 12 to 14)

Wiring ‘3+1, U AI*->UAIA’ (4 extention channel instruments only)

Display |Group | Meaning Header

channel

5 C The values measured with the first Chn5 (U12,11) C:5
extension/fifth measuring channel,gUl;)
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Display |Group | Meaning Header

channel

6 C The values measured with the second Chn6 (U23,12) C:6
extension/sixth measuring channep{U,)

7 C The values measured with the third Chn7 (U31,I13) C:7
extension/seventh measuring channgl,(U)

8 D The values measured with the fourth Chn8 D:8
extension/eighth measuring channel

12 C The values in delta circuit, calculated from | Link567 (U12,112) C:11
display channel 5to 7 b} 112)

13 C The values in delta circuit, calculated from | Link567 (U23,123) C:11
display channel 5to 7 @ 123)

14 C The values in delta circuit, calculated from |Link567 (U31,131) C:14
display channel 5to 7 @ 131)

17 C The total values (sum channel) of group C | Sum(12-14) C:17

(display channel 12 to 14)

Wiring ‘3+1, U AI*->U*I*¥ (4 extention channel instruments only)

Display |Group |Meaning Header

channel

5 C The values measured with the first extension/fiftbthn5 (U12,I11) C:5
measuring channel ¢} I,)

6 C The values measured with the second Chn6 (U23,12) C:6
extension/sixth measuring channep{U,)

7 C The values measured with the third Chn7 (U31,I13) C:7
extension/seventh measuring channg},(U)

8 D The values measured with the fourth Chn8 D:8
extension/eighth measuring channel

12 C The values in star circuit, calculated from displayink567 (U1,11) C:12
channel5to 7 (Y 1)

13 C The values in star circuit, calculated from displayink567 (U2,12) C:13
channel 5to 7 (& 1)

14 C The values in star circuit, calculated from displayink567 (U3,13) C:14
channel 5to 7 (&) I3)

17 C The total values (sum channel) of group C Sum(12-14) C:17

(display channel 12 to 14)
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3 Installation

3.1  Unpacking and putting into operation

Having unpacked the equipment, it should be checked for signs of damage. Damage due to
transportation should be reported to the equipment supplier at the earliest opportunity. If it is
uncertain to use the damaged equipment safely, then the equipment should not be used.

The package should be stored for further transports (e.g. for the annual calibration according
to 1ISO9000).

After delivery the following items should be present:

. 1 LMG500 with the ordered number ‘n’ of measuring channels
. 1 User manual
. n*4  Safety laboratory leads, 2.5mmz2, 1m, 1/2 in violet, 1/2 in grey

. 1 Mains supply cable
Further accessories as listed in the delivery note.

The instrument should only be used in a clean and dry environment and must never be operated
in excessively dusty or moist spaces. To ascertain sufficient air circulation the instrument

should be operated in a horizontal position or tilted only to the degree possible by of the
adjustable handle. The instrument should not operate in direct sunlight.

3.2 General set-up

In general the instrument stores the actual settings as well as the last used menu. Pressing the
both lower softkeys when switching on the instrument until you hear a beep will reset all
settings to the default parameters.

By this you can delete faulty scripts, which could block the instrument.

3.3 Connections of the LMG500

First of all please refer to chapter 1.1, ‘Safety Instructions’.

To ensure correct power measurement polarity, connect the cabling to the test circuit so that
the grey terminals (U and I) are used as a reference. In other words, the signal source should
point towards the terminals U*,dhsor 1*, 14r @aNd Eensor

When working with DC voltages/currents, these terminals are the positive connections.
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The following diagrams are some examples for typical connections of the instrument. But all
other measuring circuits are also possible (e.g. circuits which measure the correct current
instead of the correct voltage).

3.3.1 Measuring circuit for typical line applications using the internal current

path

L1 ?
L2 '
L3
N ®
PE 2

LOAD

il ), I U
U“U
@

afiogu
'.UWQ

@ nim ® @m®©
0000 000000 e
@ @ @ ®
Ep FeEp eEp T eE)

SensorID U2 SensorID I3 SensorID U3 Sensor ID 14 Sensor ID U4

U SensoriDI1 Sensor ID 12

Sensor D Ul

Figure 3: Measuring circuit 3 phase system with neutral

In this circuit we measure with the first three channels the voltage, current and power of the
three phase system. With the fourth channel we measure additionally the current in the neutral
wire and the voltage between neutral and earth. Of course you can use the same circuit without
the fourth channel, if you are not interested in this values.

This circuit should be measured with wiring ‘3+1 Channels’.

Wiring ‘4+0 Channels’ is also possible, but then the measured power of channel 4 would be
added to the total power of the system (this could be correct, but depends very much on what
you want to measure!).
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3.3.2 Measuring circuit for measuring efficiency of 3/1phase systems

2 .Group A/C 3ph Group B/D
f1

L2 '

L3 T —_—r L

N ? - ? 21 ® N’
1ph

—

unu* e HH 00y Mgl L
© ©
L%mmuu e

H@ nun@uunnuuﬂ@ il UUDUBU@

U SensoriDI1 Sensor ID U1 Sensor ID 12 Sensor ID U2 Sensor ID I3 Sensor ID U3 Sensor ID 14 Sensor ID U4

Figure 4: Measuring circuit for measuring efficiency (3/1phase)

With group A you measure the three phase power, with group B the one phase power of the
system. The frequencies of group A and B can be different.

You can use this circuit also in the other direction, when you have a one phase source and a 3
phase load (e.g. solar panel pushing energy to the mains).

This circuit should be measured with wiring ‘3+1 Channels’. If your 3phase load is an delta
circuit and you have the option L50-O6 (star to delta conversion) implemented, you can also
use the wiring ‘3+1, U*I*->WAIA’ to determine all the values of the delta circuit.
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3.3.3 Measuring circuit (typical) for star to delta conversion (option L50-O6)

L1 9 9
L2 < ™ /
L3 ' |

Motor

@ |0DAI) (o
uuu
@ nm ©)

Ll SensorID Il Sensor ID U1 Sensor ID 12 Sensor ID U2 Sensor ID I3 Sensor ID U3 Sensor ID 14 Sensor ID U4

i 'HFUUUUUUUUUU

? O~
MO

U@ uuuu ununuu .I

Figure 5: Star to delta conversion

With group A you measure the linked voltages and the currents in the phases. The LMG500
calculates with this both values a power for each channel, but this power will not be the power
of the system, because the measured voltagesWks and ;) belong not to the currents (I

I, and k). The power values are a mix from star and delta values.

But with the star to delta conversion, you can either transform the voltages to star voltages or
you can transform the currents to delta currents. This will depend on your load. Now you have
voltage and current in the same circuit and now you have also power values which exist in
your circuit.

However the group B can be used independently like in the above examples.

This circuit should be measured with wiring ‘3+IAI&>U AIA’ or ‘3+1, UAI*->U**,
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3.3.4 Aron wiring

L1 '
L2
L3

LOAD

i ‘“muuuuuuuu 000 ‘“muuuuuuuu
9. 10 ~ 9. 10 ~
1@ oo ©) (70O oo

nuuu.mmuuu .l unun.uuuuuu .I

U SensoriD I1 SensorID Ul SensorID 12 SensorID U2 SensorD I3 SensorID U3 SensorID 14 SensorID U4

Figure 6: Measuring circuit with current and voltage transformers in Aron wiring

This wiring is for measuring the power of a three phase system without a neutral conductor.
This circuit should be measured with wiring ‘2+0 Channels’, ‘2+1 Channels’ or ‘2+2

Channels’. Here current and voltage are measured with transformers to enlarge the ranges, e.
g. for measuring in middle or high voltage systems with also high currents. The both free
channels could be used to measure another three phase system: refbte@sBitng circuit

for measuring efficiency of 3/3phase systems"”.

When using voltage or current transformers please watch the applicable safety standards (e.g.
earthing, isolation, ...)!
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3.3.5 Measuring circuit for measuring efficiency of 3/3phase systems

Group A/C Group B/D
L1 t 3 /h t L1’
L2 ® o ® ® L2’
L3 ™ /30n L3’
f2

U SensoriD Il Sensor ID Ul Sensor ID 12 Sensor ID U2 Sensor ID I3 Sensor 1D U3 Sensor ID 14 Sensor ID U4

Figure 7: Measuring circuit for measuring efficiency (3/3phase)

With group A you measure the first three phase power, with group B the second one. The
frequencies of group A and B can be different. This is a double aron circuit.

This circuit should be measured with wiring ‘2+2 Channels’.

3.3.6 Measuring circuit using an external current sensor

L1 =S ° <DE
N S
S , uuuu.‘%%% TR UUDU‘EHHU R uuuu.“m usgnusg

L50-Z14
| “uuu ‘l‘uuuu‘unuu ‘l“uuu ‘l

* Unuu‘uuu nu uﬂuu‘unuuuu uuuu‘nunuuu

L SensoriDI1 Senso IDU1 Sensor ID 12 Sensor D U2 Sensor 1D I3 Sensor D U3 Sensor ID 14 Sensor ID U4

Figure 8: Measuring circuit with external current sensor

Cooo o

(e]

Here you see, how to install your current sensor.

For easy usage all ZES sensors have an EEPROM implemented in which we have stored the
name, scaling, ranges, adjustment and delay time. The LMG500 recognises automatically,
which ZES sensor is connected and sets up the range menu. Further on we correct some of the
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errors the sensor produces (transfer error, delay time). So you get the best measuring results
with each sensor.

In this monophase application you could use every wiring.
When having shielded wires were the current has to be measured, make sure that you do not

measure the current in the shield!

3.3.7 Measurements at middle and high voltage systems

L1 + A
L2 * <
L3 1 S
N = = = = = =
CT1 VT1 CT2 VT2 CT3 VT3
_— | | —

UDUU‘FUUU DUU

1000 ~
= %aam
“@@ 0

U SensoriD Il Sensor ID Ul Sensor ID 12 Sensor ID U2 SensorID I3 Sensor ID U3 Sensor ID 14 Sensor ID U4

Figure 9: Measuring circuit for measuring in middle and high voltage systems

This is the measuring circuit for measuring in middle and high voltage systems. You can see
that there is no PE conductor. For very high currents and voltages, there are transformers in
each path implemented. The chosen wiring should be ‘3+0 Channels’ or ‘3+1 Channels'.

When using voltage or current transformers please watch the applicable safety standards (e.g.
earthing, isolation, ...)!
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3.3.8 Measurements at middle and high voltage systems without N
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Figure 10: Measuring circuit for measuring in middle and high voltage sytems without N
Using artificial midpoint

This is the measuring circuit for measuring in middle and high voltage systems without the
neutral N. You can see that there is no PE conductor. You just need each two transformers for
voltages and currents. The chosen wiring should be ‘3+0 Channels’ or ‘3+1 Channels’.

When using voltage or current transformers please watch the applicable safety standards (e.g.
earthing, isolation, ...)!

Please note
The voltage resp. current transformers are connected each with by one common wire. Please
make sure, that only this wire is connected to earth to prevent a short curcuit of the current via

the earthing.
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3.3.9 Measurements at middle and high voltage systems without N
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Figure 11: Measuring circuit for measuring in middle and high voltage sytems without N
Using star to delta conversion

This is the measuring circuit for measuring in middle and high voltage systems without the
neutral N. You can see that there is no PE conductor. You just need each two transformers for
voltages and currents. The chosen wiring should be ‘3AK-&U AIA’ or ‘3+x, UAI*-

SU*I*.

When using voltage or current transformers please watch the applicable safety standards (e.g.
earthing, isolation, ...)!

Please note

The voltage resp. current transformers are connected each with by one common wire. Please
make sure, that only this wire is connected to earth to prevent a short curcuit of the current via
the earthing.

3.4  Coupling of two LMG500 (L50-213) for a 8 channel instrument

Two LMG500 can be coupled to build up an instrument with 8 power channels. For this you
need the coupling cable L50-Z13 which is connected to the ‘channel extention’ jacks of both
instruments.

One instrument has to be configured to be the slave. How to do this you find inMidcZ,

The slave is now just a housing and supply for the channels. All other electronics is disabled, as
well as the slave’s options. The slave channels run with the same options like the master
instrument.
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The additional channels are displayed in the master instrument as channels 5 to 8 and with the
new group identifiers ‘C’ and ‘D’. All the other handling is the same like in the basic
instrument.

After coupling instruments and after disconnecting them it is necessary to check and set up the
configuration of the instruments!
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4 Instrument controls

4.1  Front panel
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Figure 12: Front panel of the instrument

1. Graphical Display

2. Softkeys
Their function depends on the indicated function in the display.

3. Rotary knob
This knob is used for several number settings, for selections in lists and for cursor moving.
A turn to the right increases the number. In many cases you can also push the knob to
confirm a selection.

4. ENTER key
This key is used to finish an entering and to quit an error message

5. ESC key
This key is used cancel an entering mode and to quit an error message.

6. Dark menu selection keys
With this keys you can call different menus with the pure measuring values:
Default,Current, Voltage, Power, Int. Value and Graph.
A second function of this keys is to enter the digits from ‘4’ to ‘9’ when in a number
entering mode.

7. Violet menu selection keys
With this keys you can call several menus for setting up the instrument:
Measure: The main measuring parameters
Int. Time: The parameters for time dependent measuring
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Custom: The set-up of the custom defined menus

Ranges: The range selection of the measuring channels

Misc.: Setup of date, time and display brightness.

IF/1O: Setup of options

A second function of this keys is to enter the digits from ‘0’ to ‘3’ and *.” and ‘-’ when in a
number entering mode.

8. Floppy disk drive on older instruments. Alternatively there can be a USB memory stick
adapter instead of the floppy (option L50-O2USB) . This USB adapter can be used for
memory stickonly!

9. Special function keys

Status: Here you get status information about the LMG500
Start: This key is used to start time dependent measurements
Stop: This key is used to stop time dependent measurements

Save/Recall: The actual menu is stored to the memory card

Print/Log: The actual menu is send to the printer output or logger

Freeze: Holds the measuring values of the last cycle in the display or
enables the refresh of the display after each cycle

10.Special Function Key F3
11.Special Function Key F2
12.Special Function Key F1

13.Mains switch

4.2 Rear panel
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Figure 13: Rear panel of the instrument
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First measuring channel:

1. External voltage sensor identification
Identification input for external voltage sensors. It is used together with sensor adaptor
L50-Z14. 9-pin SUB-D socket.

2. External current sensor identification
Identification input for external current sensors. It is used together with sensor adaptor
L50-Z14. 9-pin SUB-D socket.

3. I*
Wide dynamic current input (high), 4mm violet safety socket, panel mounted

4. 1
Current input (low), 4mm grey safety socket, panel mounted. This is the reference socket
for the I*, Iyr and Lensorinput.

5- Isensor

Voltage input for external current sensors (high), 4mm red safety socket, panel mounted.

6. lur
High frequent current input (high), 4mm orange (violet at older instruments) safety socket,
panel mounted

7- Usensor
Voltage input external voltage sensors (high), 4mm red safety socket, surface mounted

(panel mounted with older instruments).

8. U*
Voltage input (high), 4mm yellow safety socket, surface mounted (violet and panel mounted
with older instruments)

9. U
Voltage input (low), 4mm black safety socket, surface mounted (grey and panel mounted
with older instruments). This is the reference socket for the U* angnput.

10.First measuring channel.

11.Second measuring channel with same sockets like first channel
12.Third measuring channel with same sockets like first channel
13.Fourth measuring channel with same sockets like first channel

14.Not used
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15.Mains
Fused chassis plug with holder for fuses.

16.PE
Connector for additional earthing, 4mm green/yellow safety socket

17.Channel extension
Here you can connect additional measuring channels from the extension box LMG500-E or
a second LMG500.

18.Printer
Centronics compatible interface or printer connection
25-pin SUB-D socket

19.ComB: Serial RS232 interface
This is a serial interface which can be used for remote control, but usually it is used for
special devices, like the LAN adaptor L50-Z318
9-pin SUB-D jack

20.ComA: Serial RS232 interface
This is the standard serial interface for remote control of the instrument.
This interface is also used for software updates and service purposes.
9-pin SUB-D socket

21.USB, option L50-02USB.
Jack for an USB cable with plug type B. This USB adapter can be used for remote
controllingonly!

22.LAN, option L50-O2LAN
RJ45 socket for a LAN cable. This LAN can be used for remote controhigty

23.PS/2
Connector for an external keyboard. This can be connected to enter for example formulas in
a comfortable way.

24.5ync.
Socket for external synchronisation and measuring time control of the instrument.
15-pin SUB-D socket

25.IEEE488
Parallel interface, 24-pin micro-ribbon socket
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26.1/0 card
Additional analogue and digital inputs and outputs for auxiliary signals. Two 25-pin SUB-D
sockets.

4.3 Display

The display is divided into 3 sections:

* The softkeys at the right border change their meaning depending on the actual menu. A
softkey with a black background is an active softkey. A dotted softkey can not be used.

» The elements of the status line at the top of the display are described in ‘4.3.1 Status line’.
In this line you can see the most important status information of the instrument. This line is
always visible.

* In the main display the different menues are displayed. This can be measuring values, set up
menues or graphs.
At the bottom of this region a possible error message is displayed. This error messages have
to be quit by pressingnteror Esc

4.3.1 Status line

%D[h Uz [ILs %Hﬂﬂt L CSELT
I I I I I e

I

Figure 14: Status line

The status line has the following sub sections (from left to right):

* The voltage and current signal level indicators. Here you can see how much of the actual
voltage/current range has been used. This display is important for the selection of the
measuring range. At the left side three information: The upper one is the group (A to D), in
the middle is synchronisation source of the channel. Here you can find:

Un  for the voltage channel n
In for the current channel n
Li for line synchronisation
Ex for external synchronisation
As (inverse) for asynchronous (no synchronisation)
The lower information can be:
‘LF’ (inverse displayed ) indicating that the signal of the channel is low pass filtered.

* The mode indicator. In this line you see the chosen measuring mode. Possible values are
‘Normal’, ‘CE-Harm’, ‘CE-FIk’, ‘HRM100’ and ‘Trans’.
In the line below, the time base indicator shows the actual chosen cycle time. The bar below
this number shows how much of the cycle time is over.
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» The ‘Active’ indicates, that the display is updated with measuring values. ‘Freeze’ indicated
a frozen display. The current displayed values don’t change until ‘Active’ is chosen again
(key Freez@.

Below: the remote indicator. ‘Remote’ indicates that the instrument is remote controlled by
a PC. Some setting can now only be done by the PC but not at the front panel. ‘Local’
indicates, that the instrument works as a stand alone instrument.

4.4  General menues

If you are in a sub menu of a menu, you can reach the main menu by pressing the correct
softkey, until you are in the main menu or you can press the menu buttdR/(@gyagain.

Here you find the description of menues which are equal for all measuring modes.

441 Misc.

Globals tab
Here you can do 4 settings:

Date Here you can enter the actual date. This date is used inside the instrument.

Time Here you can enter the actuiah¢. This time is used inside the instrument. Instead
of the ’ you have to enter a ‘..

Keyboard Here you can define the layout of a PC keyboard which is connected to the PS/2
connector at the rear .

Color Here you can set-up the colours of the display.
; S|
%D e O0= O0s [0« [¥58 foti| =
IT 0TI 0TI 01 [ —
(o) ETobais [pduanced @)ate
Date B6.61.2808 I
Time B2:57:02 |
Keyboard [English layout| |7 Keyb
Color ||]1E|l:k & white | ievereeee—
Halor

Figure 15: Misc. menu
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Advanced tab
Here you can set-up some advanced, special things which should not be used under usual
conditions. Just users which are sure to know what they do should change values in this menu.
With wrong settings measuring results might be wrong! Following things can be set-up:
Zero The zero point rejection (see 12.Rjsplay of values’) can be switched off. It

will be activated again each time you restart the instrument.

Phan. Vals. The rejection of phantom values can be deactivated. Phantom values appear for
example at wiring ‘3+1, NI*->U AlA’, because the measured star current has
physically nothing to do with the measured triangle voltage. But the power
measuring channel sees both signals at the same time and calculates a power for
them, the phantom power.

Slave Defines this instrument as the slave in a Master/Slave configuration

Z-Ad;. allows you to adjust the zero point of the instrument. You can only adjust the
actual selected voltage and current jacks.
You can reset the instrument to the factory settings of calibration by holding the
lower two softkeys pressed while switching on the instrument (for about 10s,
until the instrument beeps).
Be careful with this function because you can also deadjust the
instrument!!!
For the exact adjustment steps please refer to 11.3.3 ‘Zero adjustment of the
instrument’.

442 IF/O

In this menu you can set-up all features which are available as instrument options. Further on
you see the actual software version and the installed optionsLMtithou can choose a short
list or detail list. In the last one you can scroll with the rotary knob.

4.4.2.1 Interfaces for remote control

With exception of the IEEE interface all interfaces could also be used for data logging (see 10,
‘Logging of values to drives, printer and interfaces’. To remote control the LMG you first
have to set-up the wished interface for this job.

Press several timéB/10 to reach the IF/IO menu. By pressiiigyou can set-up the remote
device. You have several available ‘profiles’ from which you can select onel{eith These
profiles are predefined but they can be modified when necessaryS@dith
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If you modify the remote control profile for ComA the data logging profile for ComA is not
changed!

Figure 16: Interface Setup

If you want to reserve an interface for logging, it can happen that this interface is already used
for logging. In this case you are asked, if you want to reassign it for logging.BHPtesso do
this orEscto cancel.

4.4.2.1.1 Remote control profiles

The actual setting of a profile are displayed under properties. You can change them by pressing
Set

Following profiles are available. You get just these displayed which are physically present:

ComA: Terminal

Choose this profile if you are not familiar with the remote possibilities of the LMG and you

want to try to enter some commands manually via a terminal program. You can just change the
baud rate. The other parameters are set up to values (EOS=Terminal, Echo=0ff,
Protocol=None) so that you can work with most terminal programs directly. The default value
for the baud rate is 9600 baud.

ComaA: Script

Instead of entering a script via the rotary knob you can also transfer it via the serial interface. If
you want to do this, you can get a freeware program from ZES. This profile is predefined to
communicate with this program. You just have to set-up the profile, connect LMG and PC
with a 1:1 cable and start the software.

With this software you can create, read out, modify, write and save a script.
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ComA: OEM Appl

This should be chosen for external software like SYS61K, TERM-L5, LMG-Control,
CE-Test61k, CE-Test Standby or other software from ZES (if no other specification in the
software exists). Most parameters are fixed (EOS=<If>, Echo=o0ff, Protocol=RTS/CTS) and
you can just modify the baudrate. Default value is 38400 baud.

ComA: Custom
If you want to implement the LMG into your own system, you can set-up in this profile all
parameters:

Baudrate The serial interface supports baud rates from 1200 (maximum about 100 characters
per second) up to 115200 baud (10000 characters per second). Usually you use the
biggest value. Some old PC support just up to 38400 baud.

EOS End-Of-String character(s). This are the characters which mark the end of a
command or answer. Possible values are ‘<If>*, ‘<cr>, <cr><If>* and ‘Terminal’.

In “Terminal’ mode each ‘<cr>‘ of the computer is answered by a ‘<cr><If>* of the
instrument. By this you get a nice display if you use an terminal program (if you
have also activated the echo).

Echo If this is set on, each character you send to the LMG is returned to the sender. By
this you can check, if the cable is working and in a terminal program you see, what
you have typed.

Protocol The LMG supports ‘None’ protocol and ‘RTS/CTS’. The last one is a hardware
handshake. It should be used, if the computer can't read all data in real time and it
gets very many data.

ComB: Custom
Same like ComA. Please note that you have to use a null modem cable.

GPIB
If you want to use this interface you need a GPIB controller in your PC. You have just to set-
up the address of the LMG (in the range from 1 to 30).

4.4.2.1.2 remote <-> |ocal

If you send any characters to the LMG it changes to the remote state (you see a ‘REM’ in the
status line). Then it is impossible to change any parameters like cycle time, because this might
conflict with an actual remote command.

To leave this remote state you can send an ‘go-to-local’ command via interface or you can
press th&soto Local softkey.
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If you send further characters to the instrument it changes back to the remote state.

4.4.2.2 Processing signal interface (option L50-03)

With 10 you reach the set-up menus for the processing signal interface. With the rotary knob
you can select four tabs (‘A_In’, ‘A_Out’, ‘D_In" and ‘D_Out’). By pressing the rotary knob
you can set-up each taBack returns to théF/IO menu.

4.4.2.2.1 Analogue Input tab

If you are in the setting mode of this menu, you can with the rotary knob select a channel.
Zero  Here you set-up, which value will be displayed with OV input.
FS Here you set-up, which value will be displayed with 10V input.

Diff Specifies, if the inputs are single ended (,,0ff) against Aln_GND (default setting) or
differential (,on“). With differential inputs, the inputs 2, 4, 6 and 8 disappear and the
differences Aln1-Aln2, AIn3-Aln4, AIn5-Aln6 and AIn7-AIn8 are display in the
channels 1, 3, 5and 7.

Example: You seledero ‘30’ andFS ‘120’. Now you get with OV input a display of 30, with
10V input a display of 120 and with 5V input a display of 75. The output is updated every
measuring cycle.

%Dﬂi Uz U0s [+ [h%sE feti
I I niI —

in fpout [Din [Dout ® Zaro
Walue Tovo Fullscale | | f2'ps
i 7.6088 7.88888  10.9888
q 228808  18.8888 | JTTTE)
N 0.8088 8.86888  10.0888 [E—
——————— 8.88088  10.0000
| 6.8088 8.86888  10.0888
B B.88888 10.0600
J 8.8888 8.86888  10.0888
——————— 0.08008  10.0060

G0 = O WA R -k

Figure 17: Analogue inputs

Pressing the rotary knob returns you to the tab selection.

4.4.2.2.2 Analogue Output tab

If you are in the setting mode of this menu, you can with the rotary knob select a channel.
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Value This allows you to set-up the value which should be output. See chapter 4.5,
‘Entering identifiers’ for details.

Zero  Here you set-up, which value galue will result an output of OV.

FS Here you set-up, which value galue will result an output of 10V.

H é_l EEI 1 s HEFTﬂé Loc E}:'

Ri I+z+3 B 4
|
@ AIn B Out p_In__ p_Out Valug
[ Value Zaro Fullscale | | fezap

1 JEUtrms:3 0.8800 300.88

2 Buar 0.8808 18.888 prp

3 RHuvar? 8.8688 18,860

4  Wvard 0.8868 18.888

5 Huarh 0.8808 18.888

6 Buars 0.8808 18.888

7 Huaré 8.8688 18,860

8 WEvar? 0.4688 18.888

Figure 18: Analogue outputs

Examplel: You seledfalue ‘Utrms’, Zero ‘200" andFS ‘250’. Now you get with

Utrms=200V an output of 0V, with Utrms=250V an output of 10V and with Utrms=230V an
output of 6V. The output is updated every measuring cycle, because the values are calculated
every measuring cycle.

Pressing the rotary knob returns you to the tab selection.

4.4.2.2.3 Digital Inputs tab

In this menu you get the actual state of the digital inputs. The inputs 1 to 4 of each card are
only used for state indication. The inputs 5 and 6 can be used as state indicators or for
frequency and direction input (determined by the phase shift between input 5 and 6). In the last
case the input 5 is used to measure the frequency. This is multiplied with the ‘Scale’ value and
displayed under ‘Frequency’. A negative frequency value indicates a reverse rotation direction.
To change the scaling press the rotary knobSuhd\ (or Scl.B for the card B).
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Figure 19: Digital inputs

Pressing the rotary knob returns you to the tab selection.

4.4.2.2.4 Digital Outputs tab

If you are in the setting mode of this menu, you can with the rotary knob select a channel.

Value This allows you to set-up the value which should be output. See chapter 4.5,
‘Entering identifiers’ for details.

Cond Here you set-up, under which condition the output is in the ‘alarm state’ (= high
impedance of output, symbolised lamp is on!):
on: The output has always alarm state.
off: The output has never alarm state.
>=: The output has alarm state if talue is bigger or equal to tHamit .
<:  The output has alarm state if tfialue is smaller than thkeimit .

Limit  Here you set-up, which limit is compared to Wadue.

Example: You select ‘Utrms:1 < 200V’. Now you get an alarm for every voltage smaller
than 200V. The output becomes a high impedance state because a ‘fail save’ function is
assumed.
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Figure 20: Limit menu

Pressing the rotary knob returns you to the tab selection.

Fail Save Principle

The fail save principle should offer you highest safety in critical applications. The principle is,

that a high impedance state is the alarm (active) state. By this also broken or not connected
wires as well as not switched on instruments are recognized as fail. Only the low impedance
state is recognized as no alarm (deactive).

4.4.2.3 Options key

If you press on the softkey with the key symbol you get an actual software key which
represents all installed options in your instrument. Some options of the instrument are software
options which can be released by another key. If you for example want to install the 100
Harmonics you send us or your local sales company an order about this option together with
your Current Option Key and with your serial number (SN).

Then you get back a second key which you can enter after pressing the key symbol. If the
second key is correct, the option is installed.

Note
If you can access the instrument via an interface, you can use LMG-CONTROL to read out
and update the key. This is much easier than working with the front panel.

4.4.3 Custom menu

In the standard mend&ltage Current ... (see chapters below) we have defined some values
to be displayed which should fit to most customers. For some special applications you can
define in theCustommenu your own values and graphics which should be displayed. Further
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on you can define your own values by using the integrated script editor (see 4.4.4,
‘Script/Formula editor’).

When entering you get at least two tabs. To change between the tabs, you have to use the
rotary knob. To get the softkeys inside a tab you have to press the rotary knob.

4.4.3.1 New menu tab

Here you first have to define the name of a new (user defined) tablantle Then you have

to define the mask for the menu wikbrm. Depending on this mask you can define up to 50
values for a menu. If everything is finished you can create the new menu by pkézskeg

new. The new menu appears as a new tab which can be edit (see 4.4.3.3, ‘User defined tab’).

You can define up to 8 menus.

With Load you can recall a previously saved menu from memory card or floppy if installed.
You have to select a filename from the list.

4.4.3.2 Varstab

In the Vars tab you see all variables. By default they are named ‘varQ’ to ‘varl1 Régét
you can set them all to ‘0.0'.

4.4.3.3 User defined tab

Here you do the definitions, which values appear at which place. With the rotary knob you
choose the position an prdsgit ltem. In the dialog you choose wiffyp the kind of data do
display:

empty The item will displayed blank. Choosing this is the same like pressiDglthe
Item softkey.
Value When choosing this have to choose Withp a measuring value which

should be displayed as value with unit, but without identifier. How to enter
the Prop value see 4.5Entering identifiers, characters and text'.
Name+Value Whekhoosing this have to choose wihop a measuring value which
should be displayed as value with unit and with leading identifier. How to
enter theProp value see 4.5Entering identifiers, characters and text'.
String When choosing this have to choose Witbp a text which should be
displayed. How to enter tHerop value see 4.5Fntering identifiers,
characters and text'.
Graph Here you get a list of all possible graphs. In principle you can display copies
of graphs which you have already set-up in@maphmenu. ‘Scp.A:1’
selects the first waveform of the group A scope, ‘Scp.B:3’ the third
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waveform of group B scope. The ‘Plot:x’ is for selecting one of the four plot
functions.
To modify the graphical display you have to change t&ttzgph menu.

With Font you can choose another than the predefined font for the display.

With Copy menuyou create a copy of the complete tab which can then be modifiedDelith
menuyou can remove the complete tab. In a pop up menu you have to confirm this a second
time.

To give a menu another name, pleasekdieName.

With Saveyou can store the menu to a memory card or floppy if installed. You have to select
a filename from the list or enter a new one \fitle name

4.4.4  Script/Formula editor

You reach the script/formula editor by presditujt in ‘Script’ tab inCustommenu.

With Edit you start entering the script. This is done like written in £Btering identifiers,
characters and text'.

PRI

(o )Script [vars [New Henu |
o

ftest=Utrms/Idc;

Hids Local

Morml Hotive ==
1 “QF
o

il

Figure 21: Script editor

With Saveyou can store the script to a memory card or floppy if installed. You have to select
a filename from the list or enter a new one \fitle name

With Load you can recall a previously saved script.

4441 General

The script editor is similar like a simple programming language. The code is entered line by

line. It is allowed to have several instructions in one line. Each instruction has to end with a

‘-’ Therefore an instruction can be written in more than one line. It is also allowed to have
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white spaces in the instruction as long as the keywords and identifiers are not divided by them.
At the end of a line an automatic carriage return and linefeed are performeddicates the

begin of a comment. The comment lasts, until a return is detected (can be enteneswvith

line). An automatic inserted newline will NOT end the comment!

The instruction

vO=Utrms*Itrms;
is identical to

v0 = Utrms* Itrms ;
or

v0 =
utrms * Itrms;

<- deletes the character left of the cursor. If the cursor is at the first position of a line, it jumps
to the last position of the previous line.

You leave the script editor by presskgd. The program is now checked for correct syntax.
Above the editor window you see then how many percent of the available memory space have
been used.

The script (which includes the formulas) is executed when all values of a cycle have been
calculated.

With Resetall variables are preset to 0.0 but the script is still valid. This is important if you use
recursive formulas or conditions.

4.4.4.2 Grammar

4.4.4.2.1 Instructions

Instructions control the program flow while execution. If there are no conditioned instructions,
the flow is in the same order like the listing. The results of an instruction can be used
afterwards.

An instruction consists of one or more expressions. Each instruction (except andfi )
has to be finished with *. An instruction can be longer than one line. The result must not be
assigned to a variable.

4.4.4.2.2 Condition instruction

Condition instructions choose between two alternative program flows. This is done by the
expression following immediately to the word.
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if(expression) Instructions; fi
or
if(expression) Instructions; else Instructions; fi

The brackets for the expression are necessary. Then there could be one or more semicolon
separated instructions which are executed if the expression was true. The end of the
conditional execution is marked with, which is also necessary. Téise part is optional.

Condition instructions can be nested, for example to realise a logical AND:

if(expressionl)
if(expression2)
Instruction 1;
) Inétruction n;

fi
fi

Example

if (Utrms>227.5)
dout_off(1);
dout_off(2);

else
dout_on(4);

fi

If the voltage is bigger than 227.5V the digital outputs 1 and 2 are set to off. In the other case
the output 4 is set to on.

4.4.4.2.3 Expressions

An expression is a sequence of operators, operands and functions. Expressions are in general
recursive, which means they can be nested. But there is a practical limit in CPU power and
memory which can cause the message ,out of memory*.

The order of evaluation of an expression depends on the priority of operands and on the
brackets (see below).

4.4.4.2.4 Constants

Constants are always floating point. The valid rang8i4E-34 tox3.4E+34. The number can
be entered in usual or scientific notation. The decimal dot is only necessary for floating point
numbers.

4.4.4.2.5 Variables

There is a distinction between read only variables and read write variables. The first ones are
all measuring values of the LMG but also values like cycle time and measuring ranges. This
variables can be used for calculation like constants. The second one are the user defined
variables.

So following is o.k.

vO=Utrms;
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but

Utrms=0;
is not allowed.

A unit can be assigned to the variable. To assign the unit ‘cm’ to the varaible ‘a’ write:
a.cm=...

The result of expressions can only be stored in the user defined variables with the default
identifiers ‘varQ’ to ‘varll’. This identifiers are valid until they are redefined in a script. The
redefinition is simply be done by using a not existing identifier. This identifier replaces the first
variable which was not changed until now. The maximum length of the new identifier is 10
characters. In ‘Example 2’ the identifietiigh replaces the identifiearo andulow replaces

varl . As you can see the identifiers are replaced in the order of the occurrence. If you press
End, all occurrences ofro are replaced withhigh and so on. So you get in the user defined
menu or the plot menu the new identifiers.

The read-only variables are identical to the identifiers in the menus (see 4.5, ‘Entering
identifiers’.

4.4425.1 Localvariables

A third kind of variables are local variables. They are also user defined, but are not displayed in
the custom menu. A local variable starts always withi aHaracter:
$test=Utrms*19.234;

b=lac*$test;
In this examplestest  is not displayed, but only.

4.4.4.25.2 Environment variables

These variables are accessible via Hie ‘ ID as an arrayenv(o...7]

They are (in opposite to standard variables) not displayed, but they can (in opposite to local
variables) be used externally (e.g. in the processing signal interface). Further on they can be set
directly by the interface (see 9.2.2.1.1, ‘ENVironment ENENV).

4.4.4.2.6 Keywords

These are strings which are no variables or constants but which are used for controlling the
script editor:

if The start of a conditioned program sequence. The condition have to follow in the
round brackets.
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else The end of the program sequence which is used if the conditioniof has true (no
semicolon at the end!). All command after ¢3¢ until the nexti are used, if the
condition of thef wasnot true. The else is optional.

fi The end of the program sequence which is used if the conditioniof has true (no
semicolon at the end!).

4.4.4.2.7 Functions

The following functions are implemented at the moment (x is the result of a valid expression,
constant or function):

abs(x)

acos(x)

asin(x)

bell()

btst(x, bit_no)

cos(x)

digin(mask)

dout_off(nr)

dout_on(nr)

freeze()

isrun()

isstop()

absolute value of x

arcus cosine of x (result in radiant!)

arcus sine of x (result in radiant!)

generates a short sound with the internal speaker

Returns true, if in variable x bit number bit_no is set. The bits are counted
from 1 to 32. You should only apply this function onto integer values like
digital inputs or result of flicker measuring. Usually you should not use it
with float numbers.

cosine of x (argument in radiant!)

Returns the value of the digital inputs. The values are coded in one byte:
input 1-4 correspond to bit 0-3 and input 7-10 to bit 4-7. So if the inputs 1
and 8 are active, the returned value would be 33. With mask you can
define, which values are checked: With a mask of 32 only the input 8 is
checked. In this case the return value can only be 32 or 0. The mask is
useful when checking the status of one input, independent from the others.
If you want to check all inputs, you should use a mask of 255!

Switches digital output number nr. off (into no-alarm statenr<8
Switches digital output number nr on (into alarm statenr<18
freezes the display (like kdyreezé

Returns 1, if the integration is running

Returns 1, if the integration is stopped
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In(x)

log(x)

print()

reset()

scale_i(chn,x)

scale_u(chn,x)

sin(x)

sqrt(x)

start()

stop()

unfreeze()

loge Of X
logyo Of X

Prints the menu in which you started the logging in ‘by script’ mode (see
10.3.1, ‘Output intervals’).

Same likeResetSoftkey inTime Int.menu

Scale the current input, chn. is the number of the channel, x the scaling
factor.

Scale the voltage input, chn. is the number of the channel, x the scaling
factor.

sine of x (argument in radiant!)
The square root of x

Same like pressingtart

Same like pressingtop

reactivates the frozen display

4.4.4.2.8 Operators

Operators are symbols which cause actions, when they meet variables, constants or formulas.
The script editor offers following operators, sorted by priority:

high priority

Channel separator, usually used only for multi channel devices (like analogue
inputs). E.gain:3 is the third analogue input channel.

[ Index operator, used for indexed values (arrays)ugsig.is the 8" harmonic of the

voltage

0 Function call, the value inside the brackets is the parameter to the function
Negation

A Exponent

/* Division and Multiplication

+ - Addition and Subtraction
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<, ==,> smaller, equal, bigger (comparator operators)

= Assignment of a value

<> not equal

low priority

If there are no brackets, the operators are used in the order listed above.
The result of:

372*4 is 36

-(3"2)*4 is also 36

4.4.4.2.9 Remarks

Each line starting with &* is a remark. See ‘4.4.4.2.14 ,Example 5:Switching digital outputs,
depending on harmonics’. Only the first is important, the other don’t care.

4.4.4.2.10 Example 1: Freeze at limit violation

If the 23“ harmonic of voltage of channel 1 is bigger than 10V the display should be frozen and
the instrument should inform you with a sound.

if(Uh:1[23] > 10)
freeze();

. bell();

i

Attention!

The functionfreeze()  can cause the display to freeze at the start-up of the instrument. So be
careful when using this function.

4.4.4.2.11 Example 2: Getting min/max values

You want to measure the biggest and smallest TRMS values of the voltage.

if (Uhigh==0)

" Ulow=RngU:1;

I

if (Uhigh<Utrms:1)

" Uhigh=Utrms:1;

I

if (Ulow>Utrms:1)

" Ulow=Utrms:1;

I

The firstit condition is used for resetting the minimum value: ViR#setit would be set to O
which is not sufficient, because this is already the smallest TRMS value. So if the maximum

TRMS value is reset to 0.0, the minimum value is set to the range value which will not be
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reached under proper conditions. The second and third condition compute the maximum and
minimum value and store them in the variahlggh andulow which can be read out in the
Custommenu.

4.4.4.2.12 Example 3: Calculating THD+N

You want to measure the total distortion factor including noise (THD+N) of the voltage of
channel 2:

THDN=sqrt((Utrms:2*2-Uh:2[1]*2)/Uh:2[1]*2);
Please note that this will only work in the harmonic mode, becaisg is only calculated

there!

4.4.4.2.13 Example 4: Counting pulses

You want to count the number of current pulses of a battery above 3A (the pulse width has to
be bigger than twice the cycle time!)

ibat=abs(ldc:1);
if (ibat>3.0)
if (r==0)
n=n+1;
r=1;
fi
fi
if (ibat < 3.0)
r=0;
fi

4.4.4.2.14 Example 5:Switching digital outputs, depending on harmonics

### Wavel ###
if(Ih:1[1]>0.08) dout_on(1);
else dout_off(1);

fi

### Wave3 ###
if(Ih:1[3]>0.068) dout_on(2);
else dout_off(2);

fi

### Waveb ###
if(Ih:1[5]>0.05) dout_on(3);
else dout_off(3);

fi

The digital outputs 1 to 3 are switched on if the corresponding harmonic 1 to 5 is bigger than a
defined value. In the other case the output is switched off.

4.4.4.2.15 Example 6: Calculation of the efficiency of a motor with torque and
frequency input

For the measurement of the efficiency of a motor you can use the analogue and the frequency
inputs. To input the torque of the motor use the analogue input (e.g. 1) and for the frequency
use the digital frequency input (e.g. card1 Pin 12). For calculation of the efficiency you can use
the following formula:
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M=Ain:1;

n=DigFrq:1;
Pmech=M*n;
eta=Pmech/P:13*100;

Important Note: The motor frequency connected to the frequency input (No.1) has to be
counted and scaled in Hz. Then you get a result in percent.

4.4.4.3 Printing scripts

You can printout the scripts you have set-up (see 10, ‘Logging of values to drives, printer and
interfaces’). Please note, that the complete script editor is printed out, not only the visible part.

4.4.4.4 Speed and torque calculation (option MotorTorque-SOFT)

This option provides two functions which calculate the values speed and torque from motor
current and voltage. The motor must be a three phase asynchronous standard motors according
IEC. There are just some information from type plate or catalogue data necessary. There is no
need of a torque measuring shaft or a speed sensor. The motor can be connected to the lines or
to a frequency converter.

Measuring unvertainty between no-load operation and 1.5 fold nominal torque typical below
2% of nominal torque resp. rotation speed for motors from 1kW to 100kW nominal power and
rotation speed between -40% to +20% of nominal speed. The calculation is also possible with
other nominal power, but with increased uncertainty.

For the calculation, following requirements must be met:

* Wiring
3+x, UAI*->U*I*
* Filter
Smaller than half clock frequency. So just the fundamental must be measured, the clock
ripple must be rejected.
» Signal coupling
AC
* Sync
Such, that the fundamental frequency is displayed (e.g. |11, LP<300Hz)

The two functions are:
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trglrgue(Pn, fn, Un, In, pin, pz, Rk, sc, Calculates the torque in Nm. The

parameters are:

Pn: Nominal output power in W

fn:  Nominal frequency in Hz

Un: Nominal line line voltage of the motor
inV

In:  Nominal current in A

pfn: Nominal power factor

pz: Number of poles (twice the number of
pole pairs)

Rk: Stator line-line copper resistance(in

sc:  Number of the sum channel,
here 15 or 17

mk No load torque correction

fnplged(P“' nn, fn, Un, In, pfn, pz, Rk, sc, Calculates the speed in fifThe

parameters are:

Pn: Nominal output power in W

n:  Nominal speed in mih

fn:  Nominal frequency in Hz

Un: Nominal line line voltage of the motor
inV

In:  Nominal current in A

pfn: Nominal power factor

pz: Number of poles (twice the number of
pole pairs)

Rk: Stator line-line copper resistance(in

sc:  Number of the sum channel,
here 15 or 17

mk No load torque correction

The copper resistance has to be measured at the same point, where the voltage is measured by
the LMG. The advantage is, that you can measure for example from a cabinet and that the
copper resistance of the wiring is included and by this eliminated from the calculation.

The results oforque() andspeed() can be displayed in a user defined menu or transfered via
an interface.

A typical script could look like this:

# M-n-calculation

# Detailed motor description

# 2.2kW Motor DDA 90 L

# Input of the motor parameters
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$cn=0.84; # Nominal powerfactor
$nn=2845; # Nominal speed 1/min
$pz=2; # Number of poles
# (2* pole pairs)
$jn=4.66; # Nominal current in A
$un=400; # Nominal L-L voltage in V
$pn=2200; # Nominal output power in W
$fn=50; # Nominal frequency in Hz
$rk=19.7; # resistor in Ohm
# terminal to terminal
# (hot resistor)
$mk=20; # No load torque
M.Nm=torque($pn,$fn,$un,$jn,$cn,$pz,$rk,15,mKk);
n=speed($pn,$nn,$fn,$un,$jn,$cn,$pz,$rk,15,mk);

No load torque correction

Set mk=0, enter all other data and make a no load measurement of the motor. Use the read out
torque with opposite sign as new value for mk. By this tolerances of the motor nominal values
are corrected.

4.45 Saving and restoring configurations

You can save up to 8 different set-ups for the instrument. Rétetyou get the factory
settings. Everything is reset, but not the 8 stored configurations.

4.45.1 Loading a configuration

After pressingSave/Recalyou can load previously saved configurations. For this purpose
choose the wanted one with the rotary knob and [itesh. All set-up values like range
settings, scripts and measuring settings are restored. The actual settings are lost.

In the field ‘Active configuration mod()’ you see now the name of the selected configuration.
If mod(*) is displayed, any of the settings are changed.

4.4.5.2 Saving the configuration

After pressingSave/Recaljou can save the actual configuration. For this purpose choose the
wanted position with the rotary knob and préase.Now you have to specify a name for this
entry (see chapter 4.F:ntering identifiers, characters and text’). If the entry exists, it will be
overwritten. All setup values like range settings, scripts and measuring settings are saved.

4.5 Entering identifiers, characters and text

In some menus (e.g. in the plot menu or in the menu for the digital outputs) you have to enter
an identifier or text to specify which value should be worked with (e.g. plotted).

If the cursor is at the first position and you pressthe complete input field will be deleted.
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If you have pressed the softkey to modify the identifier or text, you can either enter the desired
value by moving the rotary knoMpde has to be set to copy!) to the wished letter and press
Enteror the rotary knob. In this case you have to enter the letters in the same way you see
them in the menus (e.g. ‘Utrms’). Or you can press the key of any valid menddiage

Current ...) and you get a list of the available values (in this mode).

Following values are available in the different menus:

Normal measuring mode

Default | Current | Voltage | Power | Int. Value | Measure| Custom Misc. IF/10
f f f f q Aver Env abs() Ain
lac lac OvrU P EP DisCyc |var0-11 | acos() DigFrq
Icf Icf Uac PF EQ Cycle asin() Zero
Idc Idc Ucf PHI Et Mtime bell()

Idcn Idcn Udc Q ES Rcyc cos()

Idcp Idcp Udcn Rser tsec digin()

Itrms Itrms Udcp S Pm dout_on()

Iff Iff Utrms Xser Qm dout_off()

linr linr Uff Z Sm freeze()

Iphi Iphi Uphi isrun()

Ipkn Ipkn Upkn isstop()

Ipkp Ipkp Upkp log()

Ipp Ipp Upp In()

Irect Irect Urect reset()

Rngl Rngl RngU scale_i()

Iscal Iscal Uscal scale_u()

Env Ovrl sin()

Ovrl sqrt()

OvrU start()

P stop()

PF unfreeze()

PHI if()sfi

Q 2.7182818¢€)

Rser 3.14159271)

S 1.2566e-6 |fo)

Uac 8.854e-12¢))

Ucf

Udc

Udcn

Udcp

utrms

uff

Uphi

Upkn

Upkp
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Default | Current | Voltage | Power | Int. Value | Measure| Custom Misc. IF/10
Upp

Urect

RngU

Uscal

var0-11

Xser

Z

CE-Harm Harmonic measuring mode

Default |Current | Voltage | Power| Measurg Custom Misc. IF/10
f f f f Per Env abs() Ain
Ih Ih Uh Ph Mtime var0-11| acos() DigFrq
Imav Imav Uthd Pav asin() Zero
lav lav UL PFm bell()

Ifm Ifm UMax |Qh cos()

Ithd Ithd upP Sh digin()

IL IL OvruU P dout_on()

Im Im Utrms PF dout_off()

P IP RngU Q freeze()

Ipohl Ipohl Rser isrun()

Ph Ipohc S isstop()

Pav Ithc Xser log()

PFm Itrms Z In()

Ipohc Rngl reset()

Qh Iscal scale_i()

Sh Ovrl scale_u()

Ithc sin()

Uh sqrt()

Uthd start()

UL stop()

UMax unfreeze()

upP if();fi

Itrms 2.7182818d)

Rngl 3.14159271)

Iscal 1.2566e-6 |fo)

Env 8.854e-12¢))

Owrl

OvruU

P

PF

Q

Rser

S

utrms

RngU
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Default |Current | Voltage | Power| Measurg Custom Misc. IF/10
Uscal

var0-11

Xser

Z

CE Flicker measuring mode

Default | Current | Voltage | Power | Int. Value | Measure| Custom Misc. IF/10
Uhwcf | f Uhwcf | Phw Uhwcf Per Env abs() Ain
dcl dcs dcl f dcl Mtime var0-11| acos() DigFrfy
dtl dts dtl P dmaxl FlkPer asin() Zero
dmaxl | dmaxs | dmaxl PF PItl bell()

Pitl Plts PItl Q Pmomi cos()

Pmoml | Pms Pmoml| Rser Pstl digin()

Pml Pmoms | Pml S Upkph dout_on()
Phw Uhws Phw Xser dout_off()
Uhwl Psts Uhwl Z freeze()

Pstl Ithd Pstl isrun()
Upkph | Itrms Upkph isstop()

f Rngl f log()

dcs Iscal Uthd In()

dts Owrl OvrU reset()
dmaxs Utrms scale_i()
Plts RngU scale_u()
Pms Uscal sin()

Pmoms sqrt()

Uhws start()

Psts stop()

Ithd unfreeze()
Uthd if();fi

Itrms 2.7182818d)
Rngl 3.14159271)
Iscal 1.2566e-6 |fo)
Env 8.854e-12¢))
Owrl

OvruU

P

PF

Q

Rser

S

utrms

RngU

Uscal

var0-11

Xser
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Default | Current | Voltage | Power | Int. Value | Measure| Custom Misc. IF/10
Z

HARM100 measuring mode

Default |Current | Voltage | Power| Measurg Custom Misc. IF/10
D f f D Per Env abs() Ain
f Ih Uh f Mtime var0-11 | acos() DigFrqg
Ih Ithd Uthd Ph asin() Zero
Ithd P UP Qh bell()

IP Itrms Utrms Sh cos()

Ph Rngl RngU P digin()

Qh Iscal Uscal PF dout_on()

Sh Owrl OvruU Q dout_off()

Uh Rser freeze()

Uthd S isrun()

upP Xser isstop()

Itrms Z log()

Rngl In()

Iscal reset()

Env scale_i()

Owrl scale_u()

OvrU sin()

P sgrt()

PF start()

Q stop()

Rser unfreeze()

S if();fi

Utrms 2.7182818d)

RnguU 3.14159271)

Uscal 1.2566e-6 |fo)
var0-11 8.854e-12¢))

Xser

Z

Select one value with the rotary knob and pEesteror the rotary knob to copy the list item

into the edit line. If you have a multi channel value (e.g. analogue inputs) you have to enter a
‘. behind this value and then the number of the channel (e.g. the identifier for the analogue

input 3 would be ‘Ain:3’). If you don’t specify this number, ‘1’ is the default value. Confirm
your choice withEnter.

If the value is an array value, the desired index is entered in brackets ‘[ and ‘]’ (example the
5™ harmonic of the voltage would be Uh[5]). You can also combine this values: Uh:2[5] would
be the 8 harmonic of the voltage of the second channel. If you don't specify this number, ‘O’

is the default value. Confirm your choice withter.
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To select another position in the text, you have td/kete to ‘move’ or ‘line’. With ‘move’
you move character by character, with ‘line’ you move line by line, which is much faster in
bigger text.

With new lineyou can insert a linefeed (if you have a multi line input box). Especially in
conjunction with the script editor you can reach a list of useful functions and operators by
pressingMVisc.

Finally close you inputs wit&nd.

4.6  Entering numerical values

If you have entered a value by the numerical keypad and move the cursor to the right end and
move the rotary knob to the right then the modifigfrs‘m’, ‘k’ and ‘M’ appear. So it is more
simple to enter big or small values.
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5 Normal measuring mode

In the normal measuring mode the LMG500 works as a power meter. The voltage, current and
power are measured directly, many other values are derived from these values.

5.1  Measuring configuration (Measuring)

When you have come to this menu by presblegsureyou first have to chooddorm(a)l to
enter this mode. With the rotary knob you can select three tabs (‘Globals’, ‘Group A’, ‘Group
B’, ...). Pressing the rotary knob you can do several settings in each tab.

5.1.1 Globals tab

Here you setup all values which are global to the instrument (independent from the groups).

Cycle Here the cycle time in seconds is defined. Valid values are from 0.05s to 60s. Any
value in steps of 10ms is allowed. A value of Oms defines the external cycle time.
During every cycle time the values of voltage, current and power are measured. At
the end of each interval the measured values are computed to the displayed values.
The cycle time has always to be bigger or same like the (fundamental or basic) period
time of the signal.

Aver  Here you can setup, how many measuring cycles are averaged for the display. For
example: If you choose 5 cycles, the display will always be averaged over the last 5
cycles (sliding average!).

Wire  Here you can setup, with which wiring you want to measure. Please see chapter 2.4,
‘The group concept’ for further details.

Aron  This point is only available when you have chosen wiring ‘2+0 Channels’, ‘2+1
Channels’, ‘2+2 Channels'.
If you connect a 3 phase 3 wire system in aron circuit (see chapter Bl&aSuring
circuit for measuring efficiency of 3/3phase systems’) you have to measure the
voltages U, and W,. Us; is calculated by the instrument. But usually you would use
the three voltagesik) Uz and W;. So you measuregblinstead of s with U,3=-Us,.
For most values this does not matter, but in the scope display, you would seg; that U
has not 120° against;kJout 60°. This is physically correct (you see the voltages
connected to the instrument), but this is not what you expected. So if you switch the
Aron setting to ‘on’ the display of 4Jis inverted, so that you segsU
Only in the case you have a real 2 phase 3 wire system, you sholitdrsed ‘off’
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to see the real phase shift between the phases.
The voltage measured with the third channel is also inverted.

If you have a master/slave configuration, the settiAgsr’ and ‘Wire’ can be done for each

instrument independently

5.1.2 Group A/B/C/D tab

The settings in the groups are identical, so they are just described once. Each setting influences
all channels which belong to the group!

First the coupling settings for the synchronisation signal:

Sync  Selects the signal which is used for synchronisation of all channels belonging to this
group. There are following possible settings:

Un The voltage signal is used (n is one of the channels in the group)
In The current signal is used (n is one of the channels in the group)
Line The line signal is used

Extn The signal at the external synchronisation jack is used.

SyClamp The signal from an external synchronisation clamp is used
accessory L50-219

Demod Selects the demodulator for the AM demodulation of the synchronisation signal.
off No AM demodulation
<1kHz Demodulation for signals with carrier <1kHz (like rapid fire control)
>1kHz Demodulation for signals with carrier >1kHz (like electronic lamp balasts)

HP Selects a high pass filter for the synchronisation signal.
off No filter selected
>0.5Hz Signals >0.5Hz are used
>30Hz Signals >30Hz are used

LP Selects a low pass filter for the synchronisation signal.
off No filter selected
If you select another value, a low pass filter with respective frequency is used.
Following values are possible:
5Hz, 10Hz, 20Hz, 50Hz, 100Hz, 200Hz, 500Hz, 1kHz, 2kHz, 5kHz, 10kHz, 20kHz,
50kHz.

Now the settings for the measured signal:

Filt Here you can switch on/off the lowpass filters in the measuring signal path of voltage
and current. This filters are only in the signal way (they influence the sampling values)
and don't influence the synchronisation settings. Possible settings are:
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270kHz, 150kHz, 138kHz, 90kHz, 42kHz, 30kHz, 21kHz, 11kHz, 10kHz, 9.2kHz,
6kHz, 2.8kHz, 2kHz, 1.4kHz, 700Hz, 350Hz, 175Hz, 87.5Hz, 60Hz, 30Hz

S-Cpl Here you define the signal coupling. This settingd@mfluence to the trigger signal!

Possible settings are:

AC+DC: All parts of the signal are taken into calculation.

AC Only the AC parts of the signal are taken into calculation. The DC part is
separated. Please note, that this separation is done by software after the
measuring and not by hardware! So you don’t have any advantages
concerning the measuring range and no influence to the scope values. The
advantage of this coupling mode is the better uncertainty, because all DC
errors are eliminated.

PR u

MHorml  Active
H.5H=s Local
|

=

(o)[Globals [

Line!Ext.]

[Ev.AB

Heasuring Signal ]

ol

sync.

-

-

Signal

Sync.
Demod.

U1
off

Highpass
Lowpass

off
off

Filter 158kHz
S5-Cpl AC+DC

= Synic

= Demod

“HR

“LP

~Filt

| [

-
Signal Processing

~5-Cpl

Figure 22: Measuring menu in normal mode

5.1.3 Ev. AB/CD tab (option L50-O5)

Here the transient trigger is setup. For the channels 1-4 as well as 5-8 you can define up to 4
transient events. If the entered conditions are met and a global event is generated, the sample
values of the scope function are freezed. The standard values are measured continuously.

%D[Il U0z s %D o [hzgl feiie] &
0T 0TI 01 0 I - Wjﬂ!mm
(o)[Globals B [EU.AB +5at
™ T2 T3 Th

Source jiq i1 i1 i1 #Run
Func. <Low, Lim <Low. Lim <Low. Lim <Low. Lim

Upper  0.00000 000000 000000  o.00000 | Stop
Lower 0.00000 0.00000 0.00000 0.00000

Durat.  1.0000 p= 2.0000 p= 2.0000 pz 2.0000 pz

And O O O O

or EJ O (] (]

State: Disabled

Figure 23: Measuring menu, transient settings
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Set Is used to change the values. Further on you have to select the transient T1 to T4 (also
called an event channel). Now you have following softkeys available:
Src:  This selects the signal which should be observed.

Func This selects, what should be observed at this signal:
<low. limit
>upp. limit
Window Out (<low. limit or >upp. limit)
Window In (>low. limit and <upp. limit)

Up  Defines the upper limit. The unitis V, A or W depending on the signal.
Low Defines the lower limit. The unitis V, A or W depending on the signal.

Dur. Defines how long the function has to be met, before this channel notifies an
event.

Cond. This defines, how an event channel is handled:
off: No action
and: A global event is generated, if all event channels with ‘and’ condition
have an event
or: A global event is generated if this event channel is true.

Run Starts the search for a new transient. The search can only be perforaliede#suring
channels oéll groups are set to manual!

Stop Stopps the search

5.2  Measuring ranges (Range)

When you came to this menu by presdRangeyou can setup all the ranges and scalings for
the different measuring channels. You see three tabs (‘Group A’, ‘Group B’, ... and
‘Sense/More’).
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Morml Hotive
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Figure 24: Range menu

5.2.1 Group A/B tab

The settings in group A and B are identical, so they are just described once.

With the keyd-1(<-) andF3(->) beside the rotary knob, you can select another U/I channel.
With the rotary knob itself, you can select another range within the selected channel.

AM

Sel.Input

Scale

Adapt

With A/M the automatic or manual range setting is selected. This is only possible
in the normal measuring mode. In all other modes the manual range is selected.

By this you can select the jack which should be used as input jack for this channel.

The Scalebutton allows you to enter a scaling factor. With this scaling factor all
values of this channel (and the power) are multiplied. This setting is usually used to
enter the transformer ratio of current clamps or voltage transformers.

Example 1.:

You have a current clamp with 1000A/1A ratio. In this case enter 1000 as scaling
factor.

Example 2:

You have a current clamp with 1A/10mV ratio. This is equal to 100A/V, so you
have to enter 100 as scaling.

By this you force all channels of this group to work with the same settings like the
actual one. If the actual one works in automatic mode all other work also in
automatic mode. In manual mode all channels get the same range.

Please note, that the scaling is not adapted! The reason is, that sometimes the
scaling factor is used to adjust an external sensor. If the scaling would also be
adapted, the adjustment would be lost.

By pressing the rotary knob again you leave the set mode and can select another tab.
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Some notes for auto ranging
There are some special points you have to know, when using the auto range function:

» |If you want to measure a single peak value never use the auto range function. The reason
for this is, that the autorange function does not detect a too low range until it is overloaded!
When it is overloaded and the range is changed, the last measurement might be invalid.

» Do not use the auto range function for very precise measurements. While a measurement
you don’t directly see which range is actually selected. Afterwards it is not possible to say
what was the selected range and therefore you can’t make an uncertainty calculation.

* Do not use the autorange function for measurings without gaps (e.g. energy, harmonics or
flicker). The reason for this is the setup time of the measuring channels after a range change.

5.2.2 Sense/More tab

Here you get information about the connected external current sensors. If they are connected,
you get automatically a new list of current ranges (depending on the connected sensor).

5.2.3 Delay

In this menu, the group delay of an external sensor can be adjusted.

: @
W 00 0 el 0 G
@A123 _ [p Sense/Ho Deiay % ld
difns  dI/ns P/ PF
8 8 69.3434  B.65319
peEaY
peEaY
peEaY

G0 =] O W F LD M -k
WeOWr W oW @ @ @
B R R -~ I -~ I -

Figure 25: Delay menu

With Udly andldly you can compensate the group delay of external wires and sensors. With
positive values the signal is delayed, with negative values it is negative delayed (so it becomes
faster!)

Example: You have a voltage sensor with a group delay of +150ns. If you want to correct this
group delay, you have to set the voltage delay to -150ns.
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While changeing the U-delay or I-delay you can see the actual measured power and power
factor. This can help to estimate the group delay of an external system, if this is unknown from
other sources.

5.3  Definition of measuring values

Following you find the definitions for all measuring values in the normal operation mode. The
values are divided in two sections:

» The values from single measuring are measured while one measuring cycle and are
independent from all other measuring cycles.

* The integrated values are calculated over several cycles.

The following basic definitions are used:

u(t) The instantaneous value if the voltage used for calculation
i(t)  The instantaneous value if the current used for calculation

T The time of an integer number of the periods of the synchronisation signal. The integer
factor depends on the chosen measuring cycle time. This time can vary from cycle to
cycle! T is the real measuring time.

The values u(t) and i(t) used for calculation can be the directly in channel n measured values
Un(t)/in(t) or calculated from them (depending on the wiring and the selected display channel):

Wiring ‘1+0 Channels’ (1 channel instruments only)

Display channel|u(t) |i(t)

1 ui(t) |ia(t)

Wiring ‘2+0 Channels’ (2 channel instruments only)

Display channel | u(t) i(t)

1 Ua(t) i1(t)

2 We(t) i2(t)

9 -Ur(t)+up(t) | -ia(t)-12(t)

Wiring ‘1+1 Channels’ (2 channel instruments only)

Display channel|u(t) |i(t)

1 ui(t) |ia(t)

2 U(t) |i2(t)
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Wiring ‘3+0 Channels’ (3 channel instruments only)

Display channel|u(t) |i(t)

1 () |ia(t)
2 W(t) |ia(t)
3 () |ia(t)

Wiring ‘2+1 Channels’ (3 channel instruments only)

Display channel |u(t) i(t)

1 Ui (t) i1(t)

2 Up(t) i2(t)

3 Ug(t) i5(t)

9 -Ur(t)+ux(t) | -ia(t)-12(t)

Wiring ‘4+0 Channels’ (4 channel instruments only)

Display channel|u(t) |i(t)

1 () |ia(t)
2 W(t) |ia(t)
3 () |ia(t)
4 Wi(t) |ia(t)

Wiring ‘3+1 Channels’ (4 channel instruments only)

Display channel|u(t) |i(t)

1 () |ia(t)
2 W(t) |ia(t)
3 () |ia(t)
4 Wi(t) |ia(t)

Wiring ‘2+2 Channels’ (4 channel instruments only)

Display channel | u(t) i(t)

1 Ua(t) i1(t)

2 We(t) i2(t)

3 Ug(t) i5(t)

4 W(t) i(t)

9 -Un(t)+ux(t) | -ia(t)-12(t)
10 -U(t)Fua(t) | -ia(t)-1(t)

For further information about the tables see also chapter 2.4, ‘The group concept’.
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Linked values

If you have installed the option L50-O6 (star to delta conversion) you get the following
additional wirings. The values in the column ‘Measuring channel numbers’ define the internal
calculation of the DSPs (the numbers are the numbers of the measuring channels!!). The
column ‘Circuit number’ defines the physical values of your circuit. This relations are correct,
if you connect your instrument in the correct way. For this refer to the measuring circuit
chapter below each table.

L1

Mp

L2

L3

Ulp

N

Uzp u3p

& [alTe o
12p 12
123
(2) w2 &)
- R2

R5

R3

131

Ré

uo

Figure 26: Allocation of the different linked values

Please not also the hints and restrictions given in 2.5, ‘Linked values, star to delta conversion

(option L50-06)’

Wiring ‘3+0, U*I*-> U AIA’ (3 channel instruments only)

Measuring channel

Circuit numbers

numbers
Display channel | u(t) i(t) U I
1 tn(t) i1(t) U1 11
2 (1) i2(t) u2 12
3 Ws(t) i(t) U3 I3
9 W(t)-ux(t) | iy(t) =i, (1) |U12 112
3
10 W(t)-us(t) | i,(t) —igt) |U23 123
3
11 W(t)-ua(t) | i) —iy(t) |[U31 131
3

For circuit see 3.3.2Measuring circuit for measuring efficiency of 3/1phase systems’
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Wiring ‘3+0, U Al*-> UAIA’ (3 channel instruments only)

Measuring channel| Circuit numbers
numbers
Display channel|u(t) |i(t) U I
1 W (t) [ix(t) Uiz 11
2 Wp(t) [izA(t) u23 12
3 Ww(t) |is(t) U3l 13
9 Ww(t) | i,(t) —i,(t) |U12 112
3
10 W(t) | i,(t) —ift) |U23 123
3
11 W(t) | i5(t) =i (t) |U3L 131
3

For circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion (option L50-O6)’

Wiring ‘3+0, U Al*-> U*I*" (3 channel instruments only)

Measuring channel | Circuit
numbers numbers
Display channel | u(t) ity |U I
1 y(t) i(t) (V12 |11
2 () io(t) |U23 |12
3 Us(t) is(t) {U31 |I3
9 u, () —uy(t) |i(t) [UL |[I1
3
10 u,(®—u (t) |it) (U2 [I2
3
11 u, () —u,(t) [is(t) (U3 |I3
3

For circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion (option L50-O6)’

Wiring ‘3+1, U*I*-> U AIA’ (4 channel instruments only)

Measuring channel Circuit numbers
numbers

Display channel | u(t) i(t) U I

1 y(t) i1(t) Ul 11

2 () i2(t) U2 12

3 Us(t) ia(t) U3 13

4 W(t) i4(t) U4 14
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Measuring channel Circuit numbers
numbers
Display channel | u(t) i(t) U I
9 W(t)-ux(t) | iy(t) —i,(t) |U12 112
3
10 W(t)-us(t) | i,(t) —igt) |U23 123
3
11 W(t)-ua(t) | i) —iy(t) |[U31 131
3

For circuit see 3.3.2Measuring circuit for measuring efficiency of 3/1phase systems’

Wiring ‘3+1, U Al*-> UAIA’ (4 channel instruments only)

Measuring channel| Circuit numbers
numbers
Display channel|u(t) |i(t) U I
1 W(t) [ix(t) Uiz 11
2 Wp(t) [izA(t) u23 12
3 Ww(t) |is(t) U3l 13
4 W(t) |ia(t) U4 14
9 Ww(t) | i,(t) —i,(t) |U12 112
3
10 W(t) | i,(t) —ift) |U23 123
3
11 W(t) | i5(t) —i(t) |U3L 131
3

For circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion (option L50-O6)’

Wiring ‘3+1, U Al*-> U*I*¥ (4 channel instruments only)

Measuring channel | Circuit
numbers numbers
Display channel | u(t) ity |U I
1 y(t) i(t) (U122 |11
2 () io(t) |U23 |12
3 Us(t) is(t) {U31 |I3
4 W(t) iq(t) (U4 |14
9 u, () —uy(t) |i(t) (UL [I1
3
10 u,(®—u (t) |it) (U2 [I2
3
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Measuring channel | Circuit
numbers numbers
Display channel | u(t) ity |U I
11 u,(t)—u, (t) |is(t) (U3 |I3
3

For circuit see 3.3.3, ‘Measuring circuit (typical) for star to delta conversion (option L50-O6)’

For further information about the tables see also chapterLihket values'.

5.3.1 More than 4 power measuring channels

If you connect a 2nd LMG500 or an extension box to the basic instrument, you can use up to 4
additional power measuring channels. If you have an instrument with up to 8 channels, it is
internally the same like a 4 channel instrument and a second one. This additional channels are
placed in the groups ‘C’ and ‘D’. In principle for the second unit you have the same wiring
selections:

Wiring ‘1+0 Channels’ (1 extention channel instruments only)

Display channel|u(t) |i(t)

5 Us(t) |is(t)

Wiring ‘2+0 Channels’ (2 extention channel instruments only)

Display channel |u(t) i(t)

5 Us(t) is(t)

6 Us(t) is(t)

12 -Us(t)+Us(t) | -is(t)-16(t)

Wiring ‘1+1 Channels’ (2 extention channel instruments only)

Display channel|u(t) |i(t)

5 Us(t) |is(t)

6 Us(t) |ie(t)

Wiring ‘3+0 Channels’ (3 extention channel instruments only)

Display channel|u(t) |i(t)

5 Us(t) |is(t)
6 Us(t) |ie(t)
7 Ur(t) |iz(t)
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Wiring ‘2+1 Channels’ (3 extention channel instruments only)

Display channel |u(t) i(t)

5 Us(t) is(t)

6 Us(t) is(t)

7 Ur(t) i7(t)

12 -Us(t)+Us(t) | -is(t)-16(t)

Wiring ‘4+0 Channels’ (4 extention channel instruments only)

Display channel|u(t) |i(t)

5 Us(t) |is(t)
6 Us(t) |ie(t)
7 Ur(t) |iz(t)
8 Ug(t) |is(t)

Wiring ‘3+1 Channels’ (4 extention channel instruments only)

Display channel|u(t) |i(t)

5 Us(t) |is(t)
6 Us(t) |ie(t)
7 Ur(t) |iz(t)
8 Ug(t) |is(t)

Wiring ‘2+2 Channels’ (4 extention channel instruments only)

Display channel | u(t) i(t)

5 Us(t) is(t)

6 Us(t) is(t)

7 Ur(t) i7(t)

8 Ug(t) is(t)

12 -Us(t)+Us(t) | -is(t)-16(t)
13 -Ur(t)+us(t) | -iz(t)-s(t)

Wiring ‘3+0, U*I*

-> U AIA’ (3 extention channel instruments only)

Measuring channel

Circuit numbers

numbers
Display channel | u(t) i(t) U I
5 Us(t) is(t) Ul 11
6 Us(t) is(t) U2 12
7 Ur(t) i(t) U3 13
12 Us(t)-us(t) | i5(t)—ig(t) |U12 112
3
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Measuring channel

Circuit numbers

numbers
Display channel | u(t) i(t) U I
13 Ws(t)-ur(t) | is(t)—i,(t) |U23 123
3
14 W(t)-us(t) | i,(t)—ig(t) |U3L 131
3

Wiring ‘3+0, U Al*-> UAIA’ (3 extention channel instruments only)

Measuring channe

Circuit numbers

numbers
Display channel|u(t) |i(t) U I
5 Ws(t) |is(t) Uiz 11
6 Us(t) |is(t) u23 12
7 Ur(t) i7(t) U3l 13
12 W(t) | is(t)—is(t) |U12 112
3
13 W(t) | ig(t)—i () |U23 123
3
14 W(t) | i,(t)—is(t) |U31 131
3

Wiring ‘3+0, U Al*-> U*I* (3 extention channel instruments only)

Measuring channel | Circuit
numbers numbers
Display channel | u(t) ity |U I
5 Us(t) is(t) |U12 |I1
6 Us(t) is(t) |U23 |12
7 Ur(t) i(t) |U31 |I3
12 us(t)—u,(t) |is(t) ULl [I1
3
13 Ug () —ug(t) [is(t) [U2 [I2
3
14 u,(t)—ug(t) |iAt) |U3 [I3
3
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Wiring ‘3+1, U*I*-> U AIA’ (4 extention channel instruments only)

Measuring channel

Circuit numbers

numbers
Display channel | u(t) i(t) U I
5 Us(t) is(t) Ul 11
6 Us(t) is(t) U2 12
7 Ur(t) i(t) U3 13
8 Us(t) ig(t) U4 14
12 Ws(t)-Us(t) | is(t) —ig(t) |UL2 112
3
13 Ws(t)-ur(t) | is(t) =i, () |U23 123
3
14 W(t)-us(t) | i,(t) —ig(t) |U31 131
3

Wiring ‘3+1, U Al*-> UAIA’ (4 extention channel instruments only)

Measuring channe

Circuit numbers

numbers
Display channel|u(t) |i(t) U I
5 Ws(t) |is(t) Uiz 11
6 Us(t) |is(t) u23 12
7 W(t) |iz(t) U3l 13
8 Ug(t) |is(t) U4 14
12 W(t) | is(t)—is(t) |U12 112
3
13 W(t) | ig(t) =i () |U23 123
3
14 W(t) | i,(t)—is(t) |U31 131
3

Wiring ‘3+1, U Al*-> U*I* (4 extention channel instruments only)

Measuring channel | Circuit

numbers numbers
Display channel | u(t) ity |U I
5 Us(t) is(t) |U12 |I1
6 Us(t) is(t) |U23 |12
7 Ur(t) i(t) |U31 |I3
8 Us(t) is(t) (U4 |14
12 us(t)—u,(t) |is(t) ULl [I1

3
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Measuring channel | Circuit
numbers numbers
Display channel | u(t) ity |U I
13 Ug () —ug(t) [is(t) [U2 [I2
3
14 u,(t)—ug(t) [iAt) |U3 [I3
3

5.3.2 Values from single measuring

Voltage and current

1,7
true root mean squareUtrms= ’?It—o“(t)zdt

DCn negative DC component:

1 # [Cu(t) foru(t) <00
Udcn=—

DCp positive DC component:

Udcp=—
T J=07 Oforu(t) <0

DC t de=—[" u(tyd
component; U c_?J'tzou(t) t

Uac=+ utrmg - Udé

Upp=max(u(t))—- min(u(t))

AC component:

peak-peak value:

. 1T
rectified value: Urect=={ _ Ju(t)dt
TJt=0

Upk
crest factor: Ucf =
utrms
utrms
form factor: Uff =
Urect

Inrush current: linr = max( ¢ ))

Power

; , T
active power: P—?J’tzou(t)l(t) t
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1.7 DJ(t)foru(t)zoDt

LY R
ltrms= ?J’t:0|(t) dt

1 g Q) fori(t) <oO
Idcn=— )
TPt=0 Ofori(t)=0 O

Idcp== .
T J=0Ofori(t) <0

1,7 .
Idc = ?J’tzol(t)dt
lac = Itrms” - 1d&
Ipp = max(it ))- min( ¢ ))

17,
Irect = ?J’t:0||(t )|dt

Ipk
Icf = P

Itrms

Itrms
Iff =

Irect
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reactive power Q=VS*-F

apparent power: S=Utrms* Itrms
P

power factor: PF=A=11

Behind the power factor might be a ‘i’ or ‘c’ showing, that the load is inductive or capacitive.
This decision is only done under following conditions:

A <0.999%andl.05<Uff <1.2and1.05< Iff <1.2andf <30kHz

This means, that voltage and current are nearly sinusoidal. In all other cases there is neither ‘i’
nor ‘c’.

Please noteThe i/c indication was developed for usual line applications. When the usage of
the channels is very low or you work with very high frequencies you should take care, if the i/c
indication is correct or not.

angle: ¢ =arccos\ with ¢ =¢, =¢, — ¢

The sign of the angle is derived from the i/c indication, ‘+’ for an inductive load, ‘-’ for a
capacitive one. Here the current is the reference. This value is only valid at sinusoidal wave
forms! The value can be in the rang80°, values outside90° usually indicate negative

active power.

Impedances
. utrms
apparent impedance: z=
Itrms
active impedance: Rser= 5
Itrms

reactive impedance  Xser= 5
Itrms

5.3.3 Integrated values

The following basic definitions are used:
n The value from the measuring cycle number n.

N Is the number of measuring cycles for the integration. This number depends on the real
measuring times and on the desired integration time.
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Energy
. N
active energy: EP= zn:O R*Th
X N
reactive energy: EQ= zn:OQ * T
N
apparent energy ES= zn:O S* 7

Average values

. EP
average active power: PM=——x
anoTn
) EQ
average reactive poweQm=-—x
anoTn
ES
average apparent powans —y—
anoTn
Miscellaneous
N
charge: q= ano Idg, * T,
. . . N
integration time: t= znonn

5.3.4 Total values

This are values which are calculated over several channels of one group. Following symbols
are used:

f first channel of the group
I last channel of the group
S number of the display channel for the total values

These three symbols depend on the wiring. Please refer to 2.4, ‘The group concept’ and 2.5,
‘Linked values’ for details

Following values are calculated for the total values display channels (all other values are
invalid):

| U 2

n=f = nrvs

collective sum voltage: U, = z
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; . — b2
collective sum current: I, = ‘/Zn: B

active power:

R=Y..R

apparent power: S = U I
reactive power: Q. =S-F
P
power factor: Ag= H
S
frequency: fo =1,
active energy: ER = anZO RT,

reactive energy:

EQ =Y QT,

apparent energy: E& = 2:20 SsTn
. ER
average active power: Pn‘g = N
Zn:OTn
. EQ
average reactive pOWGlQrTL = N
Zn:OTn
average apparent pOW@n} = ENQ
T

n=0 N

All this calculation are in accordance with DIN40110.

5.4 Display of values

For the display of the values you can choose several menus. Also in this menus we have the
group concept. With the rotary knob you can select the desired group. Now you can have four
softkeys (maybe not all appear, depending on the selected wiring, the group and installed
options):

Chns By this you can select, which channel you want to see. A second softkey bar appears,
where you can select the channel.
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Link  Here you can select which linked channel you want to see (only if option L50-O6 star
to delta conversion is installed).

Sum  Here you can select the total values of the group (over several channels).

Displ Here you can setup if you want to see few values in a big font or more values in a
smaller font. This softkey may be inactive, if you watch several channels.

Above the displayed values you see a header which describes in several fields, what you see:

Chnx You see the values from the measuring channel x. This is always a measuring
channel from the rear side of the instrument.

Linkxy You see the values of a linked channel. xy are the channels which are used to
calculate the value.

SUM(x-y) You see the values of a sum channel. x and y are the first and last channels which
are used to calculate the value

x,y) This field is optional. It shows you, which values of your circuit are displayed on
this channel.
n:x It belongs to group n. x is the number of the display channel. You have to use

this number (together with the *:'!) for example in the script editor or in the
computer interface.

The following examples exit if you have the wiring ‘A:1+2 B:3+4’ and the Aron field is
switched on in the measuring menu.

Example: Chn2 (U23,12) A:2
This is the measuring channel 2slttould be connectad U23 and 12 of your circuit. It
belongs to group A and has the display channel number 2.

Example: Link34 (U12,I13) B:6

This is a linked channel, which is calculated from values of channel 1 and 2. The displayed
values represent U12 and 13 of your circuit. It belongs to group B and has the display channel
number 6.

Example: Sum(1-2) A:13
This is the sum channel which is calculated over the display channels 1 to 2. It belongs to
group A and has the display channel number 13.

For further information please refer also 2.4, ‘The group concept’ and.ied values'.
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5.4.1 Default

With Defaultyou see the most important values of the instrument. For the handling please see

the general description in chapter 5Bisplay of values’.

5.4.2 Voltage

Mgl

1

| U1

1§
E H: 1+2+3

i Dr‘-u g5 MHornal Toc
B Trae B

mup FI [Group B

Chnl HA:l

Itrms a1gin

Iac a17an

Idc -8.8158 A

Utrms 22510

Uac 225110

Udc a1y

P 16.88

5 2058 UA

1] 21.23 var

PF B.6817

f 40000 Hz

i 0. 50 Hormal Loc
Freeze
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mup FI [Group B

Chrl  A:1 Chn2  Az2
Itrms a.1181na 8. 1198 n
Utrms 225110 L3388 U

P 16.88 U a.11a W

1] 21.23 var B.624 var
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Itrms 81172 A a.2845 A
Utrms L3378 U 225230

P a.258 U1 16.378 U

1] A.569 var 43857 var
5 8.625 UA Lo A6h UA

Figure 27: Default display with one and four channels

With Voltageyou see the most important voltage values of the instrument. For the handling

please see the general description in chapter@splay of values'.

5.4.3 Current

With Currentyou see the most important current values of the instrument. For the handling
please see the general description in chapterBighlay of values’. With thénrsh key you

can reset the last measured inrush current to 0. This softkey is only available when the manual
measuring range is selected for the current and the voltage! The average in the measuring
menu has to be set to 1! If the inrush current is too big for the measuring range, a dashed line

is displayed.
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54.4 Power

With Poweryou see the most important power values of the instrument. For the handling
please see the general description in chapterBighlay of values’'Further on you get the
following resistor values: Z, X and Rlease note that the values of X and R are only
correct, if the voltage and current have a sinusoidal waveform!

5.4.5 Energy

In this menu (you reach it bgt. Val) you see the most important energy values as well as
derived values which also depend on time. For the handling please see the general description
in chapter 5.4,Display of values’'.

5.4.5.1 Integration menu

In this menu (you reach it bgt. Timé you defines the measuring conditions for time
depending signalfkesetsets the display values to their default state (i.e. O for all energy
values). This is only possible if the state is ‘Hold'.

Mode Defines the integration mode. You can only change the mode, if the state is ‘RESET'.

off No integration can be done.
continuous After the integration is started it measures continuoushStmils
pressed. With the start of this measurement the values are
automatically reset to 0.
interval After the integration is started it measures continuously until the
intervalDUR is over. With the start of this measurement the values
are automatically reset to O.
periodic Same like ‘interval’, but with two differences:
- At the end of one interval a new one is started.
- The display is only updated at the end of an interval and not
after every cycle.
summing After the integration is started it measures continuously 8tujis
pressed. With the start of the integration the values are NOT reset
to O!
Start Time,
Start Date This are the start time and date of an integration. You have toStast
change the state of the integration changes to ‘walit’. If the entered time is
reached, the integration starts.

DUR This is the time of the time interval in interval and periodic integration mode.
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Runtime is the running integration time. Please note, that this time can be smaller than the real
time, for example because of invalid measuring cycles while a change in the measuring ranges.

Start of integration

In general there are three ways to start an integration. You can either enter a start time with
Start Time, Start Date, or you can simply press tisartbutton or you can start via the
external sync jack of the LMG. The first cycle which is taken into account is the cycle which
follows the actual cycle.

The integration time should be an integer number of times the cycle time.

Stop of integration
The last cycle which is taken into account is the cycle wheStthbutton or any other stop
signal appear.

State of integration
The integration can be in 6 different states:

Reset  The energy measurement is stopped, the values are reset to 0

Wait If the start time is later than the actual time and you have started the integration this
state appears until the start time is reached.

Start  This state is displayed from the logical start of integration (e.g. pressifgdtie
button) until the physical start of integration which is always the begin of the next
cycle.

Run This is displayed while the physical integration is running

Stop  This state is displayed from the logical end of integration (e.g. pressisiape
button) until the physical end of integration which is always the end of the actual
cycle.

Hold This is displayed if the integration has finished. The integrated values are hold, until
the integration continuous (only summing mode) or the values are rdREISET
or Start

The logical integration is running, if the state is displayed inverse.

5.4.6 Graphical display

With Graphyou see the graphical display of the normal measuring mode. Also in this menu we
have the group concept. With the rotary knob you can select different tabs (‘Scope A’, ‘Scope
B’, ‘Vec.A’ and ‘Vec.B)).
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5.4.6.1 Scope A/B

The settings in group A and B are identical, so they are just described once.

Left of this graph you see the Y scaling (ydiv), the Y scaling factor (yzoom) and the four
selected signals. Under the graph you see the start position of the graph in seconds, the X
scaling factor (xzoom) and the X scaling (x/div). By pressing the rotary knob you can do the
following settings:

Graph Here you can select one of the four scope channels ‘A’ to ‘D’.

Signal Here you can choose the signal to be displayed. The possible values depend on the

Div.

move

Split

Grid

chosen wiring. In principle you have:

ix: The current of channel x after all activated filters.
ux: The voltage of channel x after all activated filters.
px: The power of channel x after all activated filters.

By pressing this softkey, you get a small symbol for the rotary knob in the softkey.
This means, that from now the rotary knob is used for changeing the x/y divisions. By
pressing this softkey several times you can choose if you want to change the
x/division or y/division.

You have to confirm your selection wiinter.

By pressing this softkey, you get a small symbol for the rotary knob in the softkey.
This means, that from now the rotary knob is used for the moving. By pressing this
softkey several times you can choose if you want to change the following setting:

x-pos  The signal is moved if you use the rotary knob. So it is possible to see other
parts of the wave form.

cl The first cursor is moved when using the rotary knob. In the second line
below the graph you see the X position in seconds and the value of the wave
form at this position. The selected cursor position is constant. That means if
you scroll the wave form the cursor can move out of the displayed window.
If the cursor is outside the visible screen and you move the cursor, it will be
set to the border of the visible screen.

c2 Same as cl

cl&c2 Both cursors are moved at the same time. In the second line under the graph
you see the time difference and the Y value distance between the two
cursors.

You can have all graphs in the same screen (good for relations between different

signals) or you can have one graph for each signal (good if you have many signals)

You can switch the background grid on or off.
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Figure 28: Scope display with split off/on

5.4.6.2 Plot function
Jiu1|]||:|u1 iu1|:|§j
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cl 0.000: 2 0.000: cdt 0.0002
Figure 29: The plot display; split off

dt 10.50s

In this menu all measured values can be displayed over the time in one or four plots. On the left
side, the information segment, the following settings are displayed:

The plotted signal is shown in the colour in which the graph is drawn.

dy scaling of the y axis per division
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yO0 offset of the y axis (value of the centre line)

C value of the function at the cursor position

Below the graphs the time depending values are displayed:

dt scaling of the x axis per division

cl x value of the first cursor

c2 x values of the second cursor

cdt  time difference between the cursors

The following settings can be done with the softkeys on the right side:
Chn changes the displayed channel (A-D)

Signl Pressing this softkey a list will open, in which you can adjust the following parameters
(refer chapter 4.5):

Signl here you can select the signal to be plot
y/div here you can select the scaling factor of the Y axis
yO0 here you can select the offset of the y axis (value of the centre line).

Example: If you select yO = 200V and y/div = 10V the you will see a
window from 180V to 220V on the screen.

Auto Scale If you check this box, the signal will be fitted, if it is outside the display
range.

Each setting is confirmed witBnterand rejected witksc

y- pressing this softkey - the rotary knob symbol appears in the upper left corner - the
adjustments of the y axis can be changed while the plot is running. Each pressing of the
button toggles between the parameters dy and y0. The adjusted values can be changed
with the rotary knob. The adjustments will be confirmed by pressing the rotary knob or
with theEnterkey.

Move here the cursors are selected. With the rotary knob the cursors will scroll through the
plot. For easy reading of the values the plot should be frozen. The scrolling of the
cursors can be done for each cursor separately or for both together.

cl the first cursor is moved. below the graphs the values for the x position in
seconds and the value of the function are shown.

114



Z E S ZIMMER Electronic Systems GmbH Chapter 5

c2 same as cl
cl&c2 both cursors are moved at the same time.

Split after pressing this button the display will be split in four separated graphs, refer the
following picture:

E=Hi UL]]| Ut g.ous Hormal Loc i
yRRER ] o

@|Scp.n |s.:p.B Flot  |uec.h |Extl_=nd #Graph

uE 224,810

c Z224.6l)

=B} QEEEHE :
ol 116.6mA
[= 115.9mA

dt 20.00s 1 0.000: 2 0.000s  cdt 0.000s

Figure 30: The plot display; split on

Hint: the settings of the cursor are the same for all four to get accurate readings at the selected
moment for all channels.

Fit By this the actual selected graph (A to D) is rescaled to fit into the screen.

5.4.6.3 Vec. AB

The settings in group A and B are identical, so they are just described once.

On this tabs you see the vectors of voltage and current (Fresnel diagramm). In the lower left
corner you see the amplitude and the phase angle of the selected signal. In the upper right
corner you see the rotating direction of the vectors and the phase counting of the voltages.
‘1,2,3' means that the zero crossings are in the orfye] 3° phase. ‘3,2,1’ means that you
have the opposite order. By pressing the rotary knob you can do the following settings:

Signl  Here you can choose the signal to be displayed. The possible values are voltage or
current.

Ref. Here you can choose the reference for the angles:
U Ulis setto0°
I I1is set to O°
None The sync. signal is used as 0° reference.
All angles which are displayed in this menu are relative to this reference angle.

Zoom You can zoom the selected signal to get longer vectors.
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Figure 31: Vector (Fresnel) diagramm

Please note following

1. The angels between the voltages are calculated from the time of the zero crossing in each
phase. If you have big distortions on the voltage, this values might be wrong. You can use
all possible filter to smooth the voltage.
When using the ‘HARM100’ measuring mode, this problems will not occur!

2. The angels of the currents are calculated from the power factor. If voltage and current are
sinusoidal this value is identical to the ¢and the calculated angels are correct. If you
have distortions in the voltage or current signal, this values might be wrong! You can use all
possible filters to smooth the voltage and current. Then you can see the phase shift between
the fundamentals.
When using the ‘HARM100’ measuring mode, this problems will not occur!

3. In Aron circuit the calculation of the power factors is in general wrong (this is a
disadvantage of this circuit!). So also the current angles are wrong (see above). But you can
get valid power factors (and angles) if you use the star to delta conversion (option).

For interface access or other usage inside the instrument please refer to following chapters:
9.24.1.1.9 Phase angle of current

9.2.4.1.1.13  Amplitude of current

9.2.4.1.14.9 Phase angle of voltage

9.2.4.1.14.13 Amplitude of voltage

9.2.10.8.3 Reference setting for angles

5.4.7 Custom menu

With Customyou see the custom menu. Here you can setup your own menus, calculate
formulas and execute programs. See 4.4.3, ‘Custom menu’ and 4.4.4, ‘Script/Formula editor’.

5.5  Storage of values

First you have to change to the menu you want to print out or to store an&n&seg
(exact handling see 10, ‘Logging of values to drives, printer and interfaces’). All the values you

see in this menu are printed out.
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6 CE-Harmonic measuring mode (option L50-0O9)

In the CE-Harmonic measuring mode the LMG500 works as an high precision harmonic
analyser. The number of settings have been reduced to the needed ones to avoid fail handling.

Note!
The synchronisation is fixed to U. For this reason it is important to have a valid signal for
synchronisation to get measuring resultse valid frequency range is from 45 to 65Hz!

6.1  Measuring configuration (Measuring)

The synchronisation is fixed to the voltage channel. With the rotary knob you can select three
tabs (‘Globals’, ‘Group A’ and ‘Group B’).

6.1.1 Global tab

Here the general settings are done.
Eval Selects how the measuring results have to be evaluated:

Class A The signal is judged according class A of EN61000-3-2:1995 or
EN61000-3-2:2006

Class B The signal is judged according class B of EN61000-3-2:1995 or
EN61000-3-2:2006

Class C-1 The signal is judged according class C, Table 1 of EN61000-3-2:1995
or EN61000-3-2:2006

Class C-2 The signal is judged according class C, Table 2 of EN61000-3-2:1995
or EN61000-3-2:2006

Class C-3  The signal is judged according class C, Table 3 of EN61000-3-2:1995
or EN61000-3-2:2006

Class C-W The signal is judged according class C, special waveform according
7.3 b) of EN61000-3-2:2006

Class D The signal is judged according class D of EN61000-3-2:1995 or
EN61000-3-2:2006

Table 2 The signal is judged according table 2 of EN61000-3-12:2005

Table 3 The signal is judged according table 3 of EN61000-3-12:2005

Table 4 The signal is judged according table 4 of EN61000-3-12:2005

EN... This selects the standard which defines the exact measuring mode of the harmonic
analyser:
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2:95/-4-7:93  The combination EN61000-3-2:1995 and EN61000-4-7:1993 is

active

2:95/-4-7:02 The combination EN61000-3-2:1995 and EN61000-4-7:2008 is

active

2:00/-4-7:93 The combination EN61000-3-2:2006 and EN61000-4-7:1993 is

active

2:00/-4-7:02 The combination EN61000-3-2:2006 and EN61000-4-7:2008 is

active

12:05/-4-7:02 The combination EN61000-3-12:2005 and EN61000-4-7:2008 is

active

Systm This selects the system which is used for the measurement. There are four possible

values:

220V/50Hz, 230V/50Hz, 240V/50Hz
220V/60Hz, 230V/60Hz, 240V/60HZz
120V/50Hz

120V/60Hz

The system is required for example for checking the correct frequency of the

measuring setup.

Intv This selects the measuring time for a long time evaluation, for example if you have
devices with fluctuation harmonics. The result you can see imtthé&luemenu.

SmoothHere you can switch the 1.5s low pass filters for smoothing the fluctuating harmonics

on or off. With EN61000-3-2:2006 this point is always on!

St

“Eval

i Il ] £ 5l
AT 1+2+3 B: 4

(o)ETobals™ [Group A [Group B
Evaluation |I:1355 [ |
ENG61888-3-2 |I:I11If—1l—? |
System |233U CBHz |
Intu.Time FmEH |
Smooth |un |

*EH...

8yst

Tntw

+ Smoth

Figure 32: Measuring menu in CE-Harm mode

6.1.2 Group A/B tab

The settings in group A and B are identical, so they are just described once.
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This tab is only accessible if you have chosen EN61000-3-2:2006 with Class C or D or
EN61000-3-12!

Here you have to setup the setting which are required for EN61000-3-2:2006. For class C you
have to enter the fundamental current and the power factor or your device. For class D you
have to enter the active power.

This values are used to calculate the limits. For each value the average measured one is
compared to the entered one. If there is a difference of more than 10% all the limits are
calculated again with the measured values. In this case it might be, that you have to compare
all the measuring results again against the new limits. For this purpose we recommend to use a
special test and evaluation software (like for the SYS61K system).

Class C
With PF andCurr you can enter the power factor and the fundamental current.

Class D
With Pow you can enter the active power.

EN61000-3-12
With Rsceyou enter the R.value of the system.

6.2 Measuring ranges (Range)

The settings are the same like in 5.2, ‘Measuring ranges (Range)’. Please note that the
standards require a continuous measuring without gaps. For that reason the auto range
function should be deactivated to prevent a range change, because this will cause a short
measurement with invalid values.

6.3  Definition of measuring values

The following basic definitions are used:
n The harmonic order.

T The time of an integer number of the periods of the synchronisation signal

Voltage and current

1,7 2 et o
true root mean square: Utrms= —I u(t)” dt Itrms= —I i(t) dt
T t=0 T t=0
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1T 1,7 .
DC component: Udc—?J’t:Ou(t)dt Idc—?J’t:0|(t)dt

AC component: Uac=+ Utrm< - Udé lac=+ Itrms” - 1d¢®

Upk Ipk
crest factor: Ucf =—> Iof =P
Utrms Itrms
i 0 0
o ) |
total harmonic distortion: Uthd = 240 %ﬁ Ithd = 0 ”E
n=2 1 n=2 Il

The harmonic values ‘I(n)’ and ‘U(n)’ are calculated by using a DFT algorithm. The limit
values ‘Limit (n)’ are calculated according to EN61000-3-2.

Power
. 1.7 .
active power: P= %?J:_Ou(t)'(t)dt%_ u)* 1(0
with EN61000-4-7:2002/A1:2009
P==[" Wi
= TIt:Ou(t)l(t) t
in all other cases
reactive power: Q=VS*-F
apparent power: S=Utrms* Itrms
: _IFl
power factor: A= S
Impedances
. Utrms
apparent impedance: Z=
Itrms
. P
active impedance: Rser= 5
Itrms
reactive impedance: Xser= 5
Itrms

6.4  Display of values

For the display of the values we have the same rules like in the normal measuring mode (see
5.4, Display of values’).
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6.4.1 Default

With Defaultyou see the most important values of the instrument. For the handling please see
the general description in chapter 5Bisplay of values’.

6.4.2 Voltage

With Voltageyou see the harmonic values of the measured voltage and in the second row the
allowed limits in this voltage (if you see a single channel). A ‘' between the two rows shows
that the measuring value is bigger than the limit. In this menu you see always the evaluation of
the actual measured window!

With the arrow keys or with the shuttle knob you can scroll through the list to see all
harmonics.

In the top line you see the total trms value of the signal and the frequency of the
synchronisation source.

Below the softkeys you see the result of the complete voltage judgeméhinditates that
all requirements of the standard are metxAndicates a fault measuring result. This result is
only the result of the actual measuring and not influenced by earlier measurements.

i é_l E iEFer EEEII:ue [ g@jﬁ
AT 1+2+3 E: 4 i
@|Uultage FI fioitage B
Uthd 332 % Horm Class A
Utrms 2281470 £ CH.BA4 Hz
Chn.4 Limit
[{] aByy 0 ——
1 23220
2 H.89 U B.As U
3 3.82ur 282U
L} a.84 U B.4acu
5 CLo1yr B.9a U
[i] a.83 U B.asu
7 3.86 U B.67 U
8 a8z u B.as U
9 B7oU 8.45 0 x

Figure 33: Display of voltages in CE-Harm-Harm mode

6.4.3 Current

With Currentyou see the harmonic values of the measured current and in the second row the
allowed limits inthis current. A ‘" between the two rows shows that the measuring value is
bigger than the limit. A *?’ between the two rows shows that the measuring value is bigger
than 100%, but smaller than 150% of the limit (which is important for fluctuating harmonics!).
This special evaluation is only valid for the harmonics of order 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13,
15, 17 and 19. The ‘?’ indicates that the harmonic might be outside the standard if the *?’
appears for more than 10% of a any 2.5min windows.
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If the current is <6mA or <0.6% of.ls there is no judgement of the current. For this reason

------ is displayed for the limit.

With the arrow keys or with the shuttle knob you can scroll through the list to see all
harmonics.

In the top line you see the total trms value of the signal and the frequency of the
synchronisation source.

Below the softkeys you see the result of the complete current judgeméhtndicates that
all requirements of the standard are metxAindicates a fault measuring result. This result is
only the result of the actual measuring and not influenced by earlier measurements.

Please note:
If only “?” appear and no ‘!’ then the result will bé€*; because this is only the short term
result, which might be correct.

6.4.4 Power

With Poweryou see the most important power values of the instrument. For the handling
please see the general description in chapter@ighlay of values’

6.4.5 Long time evaluation

In this menu you see the result of the long time evaluation. This is starteStaithnd can be
cancelled with th&topbutton. You see in the first row the order of the harmonics, followed
by the maximum measured current.

The third row shows the evaluation for fluctuating harmonics. According to the standard it is
allowed that some defined harmonics have values up to 1.5 times the limit for maximum 10%
of a 2.5 minute window. The maximum percentage out of this window is displayed here. If the
value is bigger than 10% you have a ‘" behind this value.

In the fourth row you see if the current harmonics have violated any point of the standard
anytime while the complete long time measuring. If you have here a ‘' the device under test
does not fulfil the standard!

In the last row you see if the test voltage has ever violated the harmonic limits.
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Figure 34: Long time evaluation of harmonics

Below the softkeys you see the total evaluation of the measurement. If any current harmonic
has violated the standard at any time or the differences between control and measured values
of power (class D) or of current and power factor (class C) were more then 10% (only for
Al4) you have ‘Test ‘. If any voltage harmonic or the amplitude or the frequency have
violated the standard you have ‘TeskU The printing and logging of this menu is only

possible in single mode (séet.2.1, ‘Interfaces for remote control’) and with ASCII format.

6.4.6 Graphical display

With Graphyou see the graphical display of the CE-Harm measuring mode. Also in this menu
we have the group concept. With the rotary knob you can select different tabs (‘Spectrum A’
and ‘Spectrum B’).

6.4.6.1 Spectrum A/B

The settings in group A and B are identical, so they are just described once.

The graphical display of the voltage, the current and the limits of the harmonics. On the left
side you see for each graph signal value (yn), the limit value (yl) at cursor position, the scaling
of the y-axis (dy) and the zoom of the y-axis (zm).

If you have logarithmic display, the dy value specifies the signal level at the top line. The lower
lines have each a tenth of the upper ones.

Graph Here you can select one of the four possible display channels.

Signl  Defines the signal for this display channel. Possible values are (for each channel):
U  The voltage harmonics
LU The limits of the voltage harmonics and the voltage harmonics
I The current harmonics
LI The limits of the current harmonics and the current harmonics
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Zoom
Move

Split

Log

Allows you to zoom the signals in y direction

Allows you to move the cursor to another position.
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Figure 35: Graphical display of harmonics

6.4.6.2 Plot function

For the displays with limits and harmonics you have always one thin bar with the limit,
one thin bar with the measuring value and again one thin bar with the limit. So the
value is covered by the limits.
You can imagine that the limits are displayed like a cup filled with water (which
represents the values). If you have too much in the cup you have a problem.

You can have one graph in one big screen or you can have several graphs in several
screens (see pictures below)

changes between linear scaling (=off) and logarithmic scaling (=on) for the y-axis.

For the plot function we have the same rules like in the normal measuring mode (see ‘5.4.6.2,

Plot function’)
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6.4.7 Custom menu

With Customyou see the custom menu. Here you can setup your own menus, calculate
formulas and execute programs. See 4.4.3, ‘Custom menu’ and 4.4.4, ‘Script/Formula editor’.

6.5  Storage of values

First you have to change to the menu you want to print out or to store an&n&seg

(exact handling see 10, ‘Logging of values to drives, printer and interfaces’). All the values you
see in this menu are printed out. In the menues with harmonic values you get all harmonics
(not only the ones you see!).

6.6 Compliance tests according EN61000-3-2

For tests according to this standard you first have to changratigeto ‘Manual’ mode. This
IS necessary because the test has to be done without any gaps.

Now you go to théMleasuringmenu, change the version wiN to ‘61000-3-2:1995’ or
‘61000-3-2:2006’ and select witkval the class you want to test.

Now you can switch on the voltage. When the LMG is synchronised you can switch on the
equipment under test (EUT).

If you want to make long time evaluations you can start themStattt

125






Z E S ZIMMER Electronic Systems GmbH Chapter 7

7 CE-Flicker measuring mode (option L50-O4)

In the CE-Flicker measuring mode the LMG500 works as an high precision flicker analyser
according to EN61000-4-15. The number of settings has been reduced to the needed ones to
avoid fail handling.

Note!
In this measuring mode the valid frequency range is #bro 65Hz!

7.1  Measuring configuration (Measuring)

The synchronisation is fixed to the voltage channel. With the rotary knob you can only select
‘Globals’ tab.

7.1.1 Globals tab

Here the general settings are done.

dMax This selects the dmax limit for the measuring. This value has to be taken out of the
standard, depending on the measuring requirements.

EN Defines the standard which should be used:

3:95/-4-15 EN61000-3-3:1995 with EN61000-4-15:1998/A1:2003
3:08/-4-15 EN61000-3-3:2008 with EN61000-4-15:1998/A1:2003
3:08B2/-4-15 EN61000-3-3:2008 with EN61000-4-15:1998/A1:2003
This one is especially for tests according annex B.2
-11:2000 EN61000-3-11:2000 with EN61000-4-15:1998/A1:2003

Syst  This selects the system which is used for the measurement. There are four possible
values:
230V/50Hz
230V/60Hz
120V/50Hz
120V/60Hz
The system is required for example for checking the correct frequency of the
measuring setup.

Intv This is the interval time of the short term flicker measuring. The standard value is
10min.
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Per. This is the number of short term periods for the long term measurement. The standard
value is 12 periods for a long term time of 2 hours.

16 Fer F11c,kr' Lo ==
i m— e E‘P@ﬁ
A: 1+2+3 B! 4 e

Globals  [Gioum & o B
dmax % Limit | I,.A888 |
ENG1B88-3-2  [/-4-15 |
System |233U CBHz |
|
|

Intw.Time Phﬂ]mﬂﬂ
Period |12

Figure 36: Measuring menu in CE-Flicker mode

7.1.2 Ztest/Zref tab
This is only available when EN61000-3-11 is selected.

With Ztest you have to enter your actual used test impedan@Qe in
With Zref you have to choose, if your reference impedance is (0.24+Ddr5(0.4+j0.25%2.

The values for g d..., Pst and R are recalculated as described in EN61000-3-11:2000

7.2  Measuring ranges (Range)

The settings are the same like in 5.2, ‘Measuring ranges (Range)’. Please note that the
standards require a continuous measuring without gaps. For that reason the auto range
function should be deactivated to prevent a range change, because this will cause a short
measurement with invalid values.

7.3  Definition of measuring values

The following basic definitions are used:
n The harmonic order.

T The time of an integer number of the periods of the synchronisation signal. The integer
factor depends on the standard EN61000-4-7. Actually 16 periods are measured.
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Voltage and current

true root mean square:  Utrms= iJ’T t)? dt ltrms= iJ’T i(t)2dt
q : rms= - t:Ou() rms= - t:0|()
. . . 40 lj
total harmonic distortion: Uthd= an2 ”ﬁ Ithd = zn Zﬁiﬁ
1

The harmonic values ‘I(n)’ and ‘U(n)’ are calculated by using a DFT algorithm.

The values ‘Pmom’, ‘Pst’ and ‘PIt’ are calculated using a flickermeter according to
EN61000-4-15. ‘dc’ and ‘dmax’ are calculated according to EN61000-3-3.

Power
active power: P= 1IT t)i(t)dt
p : =7 I OLO)
reactive power: Q=VS*-F
apparent power: S=Utrms* Itrms
: _IFl
power factor: A=—
S
Impedances
. Utrms
apparent impedance:
Itrms
active impedance: Rser=
Itrms
reactive impedance: Xser= Q
Itrms

7.4  Display of values

For the display of the values you can choose several menues.
7.4.1 Default

For the display of the values we have the same rules like in the normal measuring mode (see
5.4, Display of values’)
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7.4.2 Voltage
Here you see the TRMS value, the THD and the frequency.

7.4.3 Current
Here you see the TRMS value, the THD and the frequency.

7.4.4 Power

For the display of the values we have the same rules like in the normal measuring mode (see
5.4, Display of values’)

7.4.5 Flicker (Int. Val)

In this menu you see the flicker values of the equipment under test (EUT). You see the short
term flicker level B, the long term flicker level,Pthe actual flicker level 2., the relative
steady-state voltage changettie maximum relative voltage change.dthe remaining long

term time, the remaining short term time and the state of the flicker measuring.

The state can be ‘starting’ (8s from press8IgARY, ‘running’ (while the long term interval)
and ‘stooped’ after the measuring.

i Dé_l E 1EFer F11c,kr' Loc
I Hctoive
41l Ai 1+2+3 Bf 4
11c|<-_=r n ElIT [Flicker B EUT

Chnl Al

Pstl 8.2408
P1tl 8.2498
Pmoml 8.133%
dcl 87 %
dmaxl 8.09 %
Ltime 1h59mS2
Stime  9mS2
State Stop

Figure 37: Evaluation of flicker measurement
Omax IS measured over the long term time.

dc is the relative voltage change between two ‘constant’ voltages. Therefore it can have
different values:

Oe=------- means that there was no constant voltage.
d.=0.000% means that there was exactly one constant voltage.
Any other value is the biggest difference between two constant voltages.
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Py is calculated at the end of the long term measuring. Until then it is displayed-as.’

7.4.6 Graphical display

Here just the plot function is available. The handling is the same like descrihddin
‘Graphical display’

But there are some things to know concerning the displayed values:

In the other modes, all values are measured in the same time interval. In the flicker mode there
are two main time intervals: 10ms and 320ms. Most values are updated every 320ms, but some
come every 10ms: They are the momentary flicker level (ID is Pml) and the half wave trms
value (ID is Uhwl). As said above, this values come every 10ms. The Pmoml and Utrms values
are the average values of Pml and Uhwl. So you can see Pmoml and Pml in one graph as
function ‘A’ and ‘B’. Because Pmoml has a slower time base, it is plotted with 32 same values.

7.4.7 Custom menu

With Customyou see the custom menu. Here you can setup your own menus, calculate
formulas and execute programs. See 4.4.3, ‘Custom menu’ and 4.4.4, ‘Script/Formula editor’.

7.5  Storage of values

First you have to change to the menu you want to print out or to store an&néseg
(exact handling see 10, ‘Logging of values to drives, printer and interfaces’). All the values you
see in this menu are printed out.

7.6  Tests according EN61000-3-3

For tests according to this standard you first have to changratigeto ‘Manual’ mode. This
IS necessary because the test has to be done without any gaps.

Switch on the voltage of the EUT. Start the flicker process 8tdint After a delay of 8s the
real measuring is started. Now you can switch on the EUT to get the different values. If you
want to stop the measuring before the end of the long term time jusSpopss

Annex B.2

Usually the values.cand ¢« run for the whole observation period (Plt-time). To simplify tests
according annex B.2 of EN61000-3-3:2008, you can choose, that these values are reset after
each short term observation periode. To do this, please select the B2 item in measuring menu,
softkeyEN.
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8 100 Harmonics measuring mode (option L50-0O8)

In the 100 Harmonics measuring mode the LMG500 works as a high precision harmonic
analyser. The difference to the CE mode is, that 100 harmonics, the phase angles and the
power harmonics are measured. The frequency range is much wider. There is no check against
any limits.

8.1  Measuring configuration (Measuring)

When you came to this menu by presdutegasureyou first have to choo9ddODE and then
HARM to enter this mode. The well known setting menu with the three tabs (,Globals®,
,aroup A* and ,Group B*) opens:

Globals Here you can set up the wiring in which is measured.

Group A/B  For the settings in this menu refer 5.1.2 Group A/B/C/D tab. Additional settings
are possible:

FDiv This defines a frequency divider for the basic wave. With a value of 1 the
measured frequency is identical to the basic wave. With a value of 2 the
fundamental has only the half frequency of the measured frequency (e.g.
A 50Hz signal withFDiv = 4 is analysed on a 12.5Hz base. So you get 3
interharmonic between the 50Hz Harmonics)

Only with FDIV set to 1 you get the THD values of the signals

Filt  Defines the active filter:
Auto: A sufficient anti aliasing filter will be selected.
other values: The chosen filter will be activated. CAUTION: with a
wrong filter setting you might get aliasing!

Pressing the rotary knob you will get to the main menu.
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H Hatm  HActive o
1 2 3 4 )
Elu:l |I:| |U:| i |U:| |I:| |U:| |I:| 2 rer Local
{n)[G1obals 3 7 Syn
[ Line/Ext. l Measuring Signal ] -
ik 1! 1! Denos
Sync. Signal
“Hp
sync. n AAF  Auto
Demod. — off Filter 5aniiz ||/=p
Highpass off s e
Lowpass  off STCpl #edt
FDiv. 1 ¥ Pl
= < “Filt
S1gnal Processing ]

Figure 38: Measuring menu in Harm100 mode

8.2  Measuring ranges (Range)

The settings are the same like in 5.2, ‘Measuring ranges (Range)5.2’, but in this mode you
have no autorange function.

8.3  Definition of measuring values

The following basic definitions are used:
n The harmonic order.

T The time of an integer number of the periods of the synchronisation signal. The integer
factor depends on the frequency of the basic wave:
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Basic wave range / Hz  Number of measured®ample frequency Automatically
periods divider selected filter
640-1280 32 1 HF-Rejection
320-640 16 1 HF-Rejection
160-320 8 1 HF-Rejection
80-160 4 1 HF-Rejection
40-80 4 2 18kHz
20-40 4 4 6kHz
10-20 4 8 2.8kHz
5-10 4 16 1.4kHz
2.5-5 4 32 700Hz
1.25-2.5 4 64 350Hz
0.625-1.25 4 128 175Hz
0.3125-0.625 4 256 87.5Hz
0.15625-0.3125 2 256 87.5Hz
0.078125-0.15625 1 256 87.5Hz

The ‘sample frequency divider’ defines, how the sampling frequency of about 100kHz is
divided for this measuring.

Voltage and current

1T 2 1,7 . 2
true root mean square: Utrms= —I u(t)*dt Itrms= —I i(t) dt
T t=0 T t=0
I

total harmonic distortion:  Uthd = z:iz . g Ithd = z:iz l” g
1

1

Only with FDIV set to 1 you get the THD values of the signals.

The harmonic components are calculated to meet the following:
U =Y eoV2U, siniat+4,,) i)=Y n_oV2l, sin(et+ ,,)

The harmonic values ‘I(n)’, ‘U(n)’ and ‘Phase(n)’ are calculated by using a DFT algorithm.

With this values also the values of ‘P(n)’, ‘S(n)’ and ‘Q(n)’ are calculated. This ‘Q(n)’ is only

the reactive power, caused by a phase shift of a voltage and current component with the same
frequency. Therefore it is in this mode possible to calculate also the reactive power which is
caused by voltage and current components with different frequencies. This value is called D:

99
D :JS2 - P? - Qshiff with Qshift= z Qn, P and S see below.

n=0
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Power

ti : P—EJ’T Di(t)dt
active power: =~ uoi

reactive power: Q=VS*-F

apparent power:  S=Utrms Itrms

: _IFl
power factor: A= S
Impedances
. Utrms
apparent impedancez =
Itrms

active impedance: Rser= 5
Itrms

reactive impedance: Xser= 5
Itrms

8.4  Display of values

For the display of the values you can choose several menues.

Harmonic values (amplitude, phase, frequency, ...) can just be displayed constant in steady
state condition due to the nature of FFT. While signal changes (frequency and/or amplitude)
you will get unexpected signals (they are not wrong, but due to the special calculation method
‘FFT’ they might look different than you expect).

The influence of the HF-Rejection filter is compensated for the amplitudes of the harmopics.
The values for U, | and P are rretalculated from the harmonics, but are calculated from the
sampling values to get for example interharmonics and components with higher frequercies
which are not captured by the harmonics. So it is not possible to compensate the influence of
the filters for this values! For the same reason this values can also be much bigger than the
values which can be derived from the harmonics (depending on the signal).

8.4.1 Default

With Defaultyou see the most important values of the instrument. The available settings are
described in 5.4 Display of values®.
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8.4.2 Voltage

With Voltageyou see the harmonic values of the measured voltage and in the second row the
phase of the harmonic component.

With the softkeyChns you can choose the channel.

With the softkeyHref you can select the reference signal (voltage, current or none). The
fundamental of this signal is always set to 0°. When selected ‘none’, the time window is the
reference.

With the softkeyLink the harmonics of the linked values will be shown.

Using the rotary knob you can scroll through the list to see all harmonics.

8.4.3 Current

With Currentyou see the harmonic values of the measured current and in the second row the
phase of the harmonic component.

With the softkeyChns you can choose the channel.

With the softkeyHref you can select the reference signal (voltage, current or none). The
fundamental of this signal is always set to 0°. When selected ‘none’, the time window is the
reference.

With the softkeyLink the harmonics of the linked values will be shown.

Using the rotary knob you can scroll through the list to see all harmonics.

8.4.4 Power

With Poweryou see the harmonic values of the measured powers. The synchronisation
frequency is shown in the first row, displaying all channels.

With the softkeyChns you can choose the channel.

With List you can choose several lists with the different combinations of the different powers.
Using the rotary knob you can scroll through the list to see all harmonics.

Please note

The harmonics of the power are not the results of a fourier transformation of the power
waveform, but are calculated by same frequent voltage and current harmonics.
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8.4.5 Graphical display

Here just the plot function, the spectrum and the vector diagram is available. The handling is
the same like described %4.6, Graphical display’ ané.4.6.1, ‘Spectrum A/B’.

8.4.6 Custom menu

With Customyou see the custom menu. Here you can setup your own menus, calculate
formulas and execute programs. See 4.4.3, ‘Custom menu’ and 4.4.4, ‘Script/Formula editor’.

8.5  Storage of values

First you have to change to the menu you want to print out or to store an&n&seg

(exact handling see 10, ‘Logging of values to drives, printer and interfaces’). All the values you
see in this menu are printed out. In the menues with harmonic values you get all harmonics
(not only the ones you see!).
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9 Interfaces (IEEE option L50-O1)

With exception of the IEEE interface all interfaces could also be used for data logging (see 10,
‘Logging of values to drives, printer and interfaces’). To remote control the LMG please
reserve first the wished interface for this job (see 4.4.2.1, ‘Interfaces for remote control’).

This chapter includes all commands and a short general syntax description. A much more
detailed syntax description with a lot of examples and further programming explanations can be
found in ourProgrammer’s Guideon the CD which is included in the printed version of this
manual. If this is missing or you have just a PDF version of this manual you can request the
Programmer’s Guideby email from ‘sales@zes.com’.

9.1  Short syntax description

There are two implemented languages: SCPI and SHORT. When switching on the instrument
SCPIl is selected. To change to SHORT you have to send:

SYST:LANG SHORT

For further differences between SCPI and SHORT command set see also 9.2.4, :FETCh and
‘READ commands’

The general syntax for both command sets is identical. The most important syntax rules are:

* A message to the instrument has to be terminated with an EOS character.

» brackets [..] are showing optional part of commands. There is no need to send them to the
device, but you can do it, if you need this function. The brackets are just informative and
should not be sent.

» The number of the measuring channel (further on called ‘suffix’) follows directly (without
any space) after the identifier. If you don’t specify one, ‘1’ is assumed.

* If you request a value you have to add a ‘?’ directly behind the suffix (or the identifier, if no
suffix is specified), without any space.

» All parameters following the commands have to be separated from the command with at
least one space character.

* The group number is usually an optional parameter in the format [,<NRi>]. If you don’t
specify it, group A (=0) is assumed as default value.

» ‘/gonly/’ indicates, that this is a value which can only be demanded, but not set. Do not send
the ‘/gonly/ string to the device, it is just written in this manual to explain the command.
For example you can’'t send a measuring value.
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* ‘/nquery/’ indicates that this value can only be set, and not demanded. Do not send the
‘Inquery/’ string to the device, it is just written in this manual to explain the command.
For example you can’t request a trigger command.

» All commands without ‘/gonly/ and ‘/nquery/’ can be read and set.

* <NRf> are float numbers

* <NRi> are integer numbers

» <list> stands for <(<NRf>:<NRf>)>. With this construct you can request several values
which are stored in an array, for example harmonic values. To géf tbel3" harmonic
of the voltage of the second measuring channel you have to write in SHORT command set:
HUAM2? (3:11)

For the complete syntax rules please take a look &rtigrammer’s Guidé

Examples showing the syntax

Equivalent SCPI commands for reading the TRMS value of‘timeehsuring channel:

:FETCh:CURRent:TRMS?
:FETC:CURR:TRMS?
:FETC:CURR:TRMS1?

As SHORT command it would be

ITRMS? or ITRMS1?
Please note that there is no space before the ‘1’ and space before the ‘?’!

Command for reading the harmonic voltages from fiéo2the 4' harmonic (3 values):
:FETC:HARM:VOLT:AMPL? (2:4)
Please notice that there is at least one space between the question mark and the

parameters!

Command for setting the 250V range:
:SENS:VOLT:RANG 250
Please notice that there is at least one space before the parameter 250!

Command for setting the 250V range in tifecBannel:
:SENS:VOLT:RANG3 250
Please notice that there is no space before the suffix and at least gspace before the

250!

Commands for setting and reading a filter in group B (short language):

FILT 5,1
FILT? 1

For group A you can write:

FILT 5,0 or FILT 5
FILT? 0 or FILT?

For more examples please take a look aPtlogrammer’s Guidé
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9.2 Commands

Here you find all commands the instrument can handle. The commands are ordered like in the
SCPI tree structure. The description is always the same:

SCPIl:  The SCPI syntax of the command
SHORT: The SHORT syntax of the command

ID: The ID for script editor and similar Mode:  The valid measuring modes
Type: The data type Suffix:  The valid suffix range
Value: The value range List: The valid list range

Unit: The physical unit Group: The valid group range

An ‘n/a’ means ‘not applicable’. If you for example see an ‘n/a’ in the ‘Value:’ field, then this
command has no value at all. Or it is a float number with all valid codes according IEEE754.

The titles of the useable commands are in a box. There you find from left to right: SCPI
command, SHORT command and the ID if existing.

Please see also 9.1, ‘Short syntax description’.
For all this commands there is a separated index. See chapter 16, ‘Interface command

index’.

9.2.1 |IEEE488.2 common commands

This are commands which are defined in IEEE488.2, but they are pure ASCIl commands and
can also be sent via other interfaces like RS232.

9.21.1 *CLS *CLS

SCPI:  *CLS/nquery/
SHORT: *CLS/nquery/

ID: n/a Mode: all

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Clearsthe event registersf all status data structures in a device and the error/event. queue

9.21.2 *ESE *ESE

SCPI:  *ESE <NRi>
SHORT: *ESE <NRi>

ID: n/a Mode: n/a
Type: long int Suffix:  n/a
Value: 0...255 List: n/a
Unit: n/a Group: n/a
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Used to set up or read out the Event Status Enable Register.

9.2.1.3 *ESR? *ESR?

SCPI:  *ESR? /qonly/

SHORT: *ESR? /qonly/

ID: n/a Mode: all
Type: long int Suffix:  n/a
Value: 0...255 List: n/a
Unit: n/a Group: n/a
Reads out andearsthe Event Status Register

9.2.1.4 *IDN? *IDN?

SCPI:  *IDN? /gonly/

SHORT: *IDN? /qonly/

ID: n/a Mode: all
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads out th&entification of the device. There are 4 fields separated by commas:

Field 1 Manufacturer

Field 2 Model

Field 3 Serial number
Field 4 Firmware level

9.2.15 *IST? *IST?

SCPI:  *IST? /gonly/

SHORT: *IST? /qonly/

ID: n/a Mode: all
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Individual Status Query. This returns the status of the ‘ist’ local message in the device.

9.2.1.6 *OPC *OPC

SCPI:  *OPC/nquery/

SHORT: *OPC/nquery/

ID: n/a Mode: all
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a
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Causes the device to set the operation complete bit in the Standard Event Status Register,
when all pending selected device operations have been finished.

9.21.7 *OPC? *OPC?

SCPI:  *OPC? /qonly/
SHORT: *OPC?/qonly/

ID: n/a Mode: all

Type: char Suffix:  n/a
Value: ‘1 List: n/a
Unit: n/a Group: n/a

Causes the device to place a , 1 (=31h) in the output queue, when all pending selected device
actions have been finished (=operation complete). This is independent from the output format!

9.2.1.8 *PRE *PRE

SCPI:  *PRE <NRi>
SHORT: *PRE <NRi>

ID: n/a Mode: all

Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Used to set up or read out the Parallel Poll Enable Register

9.21.9 *RST *RST

SCPIl:  *RST/nquery/
SHORT: *RST/nquery/

ID: n/a Mode: all

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

This performs a device reset. A lot of internal settings (like measuring mode, ranges, ...) are set
to their default values. In this chapters the default value is indicated by ‘[*RST Default value]'.
All time dependent measurements are stopped (energy, flicker, harmonics).

The interface and it's parameters are not reset! If you want to reset it, please use a BREAK
with RS232 interface or a ‘device clear’ with IEEE interface.

Hint
The execution of this command can take up to several seconds. The LMG works internally
with a watchdog protection. To prevent that the watchdog becomes active, the *RST’
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command should be send as the only command in a message. Just the *OPC?’ can be added to
get a feedback, if the command has finished (“*RST;*OPC?’). In this case wait until the ‘1’
returns before sending the next commands!

9.2.1.10 *SRE *SRE

SCPI:  *SRE <NRi>
SHORT: *SRE <NRi>

ID: n/a Mode: all

Type: long int Suffix:  n/a
Value:  0..255 List: n/a
Unit: n/a Group: n/a

Sets or queries the Service Request Enable Register

9.2.1.11 *STB? *STB?

SCPI:  *STB? /gonly/
SHORT: *STB? /gonly/

ID: n/a Mode: all

Type: long int Suffix:  n/a
Value:  0...255 List: n/a
Unit: n/a Group: n/a

Queries the Status Byte Register.

9.2.1.12 *TRG *TRG

SCPIl:  *TRG/nquery/
SHORT: *TRG/nquery/

ID: n/a Mode: all

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Triggers the same action that happens when programmer sends DT1 via IEEE488.1 interface
or ‘&TRG<cr><If>' via RS232 interface. Actually nothing is performed.

9.2.1.13 *TST? *TST?

SCPIl:  *TST? /qonly/ <NRi>
SHORT: *TST?/qonly/ <NRi>

ID: n/a Mode: all

Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a
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Initiates a self test. Returns a value depending on <NRi>. This command should only be used
by ZES and not by customers.

9.2.1.14 *WAI *WAI

SCPI:  *WAI/nquery/
SHORT: *WAIl/nquery/

ID: n/a Mode: all

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Waits until all pending selected device operations have been finished. Note: The instrument
handles commands in a queue, so when executing the *WAI all previous commands have been
executed. Thus the instrument is doing nothing when receiving the *WAI command. It has

been implemented to follow the standard IEEE488.2.

9.2.2 :CALCulate commands

Here you find commands which influence the script editor (formulas) or limits.

:CALCulate - :ENVironment
:DISPlay :FORMula
:FETCh :LIMit
:FORMat

INITiate

[INPut

INSTrument

:MEMory

:READ

:SENSe

:SOURce

:STATus

:SYSTem

‘TRIGger

9.2.2.1.1 ENVironment ENV Env

SCPIl:  :CALCulate:ENVironment <NRf>[,<NRi>]
SHORT: ENV <NRf>[,<NRi>]

ID: Env Mode: all
Type: float Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: optional [,<NRi>]: 0=EnvO, ... ,7=Env7

Sets or queries an environment variable.

9.2.2.2 :FORMula

:CALCulate - :ENVironment
:DISPlay :FORMula - [:DEFine]
:FETCh :LIMit
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:FORMat
:INITiate
[INPut
(INSTrument
:MEMory
:READ
:SENSe
:SOURCce
:STATus
:SYSTem
‘TRIGger

9.2.2.2.1 [:DEFine]

FORM

SCPI:

SHORT: FORM<string program
ID: n/a

Type: string

Value: n/a

Unit: n/a

Sets or reads the script of the script editor. There is no *RST default value.

data>

Mode:
Suffix:
List:
Group:

:CALCulate:FORMula[:DEFine] <string program data>

all

n/a
n/a
n/a

For example ‘FORM ,a=1;"“<If>‘ sets the internal variable a to 1.

9.2.2.3 :LIMit:
:CALCulate -
:DISPlay
:FETCh
:FORMat
:INITiate

[INPut
(INSTrument
:MEMory
:READ

:SENSe
:SOURCce
:STATus
:SYSTem
‘TRIGger

:ENVironment
:FORMula
:LIMit -

:CLASs
:DMAX
:FCURrent
:PFACtor
:POWer
:SYSTem
'VERSion

9.2.2.3.1 :CLASs

EVAL

SCPI:
SHORT: EVAL <NRi>

ID: n/a

Type: long int
Value: 0...6,10...12
Unit: n/a

:CALCulate:LIMit:CLASs <NRi>

Mode:
Suffix:
List:
Group:

CE
n/a
n/a
n/a

Sets the evaluation of the harmonics in the CE-Harm mode:

0: Class A (EN61000-3-2) [*RST default value]
1: Class B (EN61000-3-2)

2: Class C-2 (EN61000-3

-2)

146



Z E S ZIMMER Electronic Systems GmbH

Chapter 9

Class D (EN61000-3-2)
Class C-3 (EN61000-3-2)
Class C-W (EN61000-3-2)
© Class C-1 (EN61000-3-2)
10: Table 2 (EN61000-3-12)
11: Table 3 (EN61000-3-12)
12: Table 4 (EN61000-3-12)

o g R w

9.2.2.3.2 :DMAX FLDL

SCPI: :CALCulate:LIMit:DMAX <NRf>

SHORT: FLDL <NRf>

ID: n/a Mode: Flicker
Type: float Suffix:  n/a
Value: in % List: n/a
Unit: n/a Group: n/a

Sets theallowed limit for dha for the device under test according to the stanufatfae flicker

mode.

9.2.2.3.3 :FCURrent ISO

SCPI:  :CALCulate:LIMit:FCURrent <NRf>

SHORT: ISO <NRf>

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 1.0 List: n/a

Unit: A Group: n/a

Sets or reads the fundamental current for the EN61000-3-2liati06alculationin the CE

mode.

9.2.2.3.4 :FVERsion FNRM

SCPI: :CALCulate:LIMit:FVERsion <NRi>

SHORT: FNRM <NRi>

ID: n/a Mode: Flicker
Type: long int Suffix:  n/a
Value: 0...3 List: n/a
Unit: n/a Group: n/a

Sets or reads thedition of the flicker standard

0: EN61000-3-3:1995 [*RST default value]

1: EN61000-3-3:2008
2: EN61000-3-3:2008 Annex B.2
3: EN61000-3-11:2000
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9.2.2.3.5 :PFACtor PFSO

SCPI:  :CALCulate:LIMit:PFACtor <NRf>

SHORT: PFSO <NRf>

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 1.0 List: n/a

Unit: n/a Group: n/a

Sets or reads the power factor for the EN61000-3-2:B0M6calculationin the CE mode.

9.2.2.3.6 :POWer PSO

SCPI:  :CALCulate:LIMit:POWer <NRf>

SHORT: PSO <NRf>

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 1.0 List: n/a

Unit: W Group: n/a

Sets or reads the power for the EN61000-3-2:2D@i6calculationin the CE mode.

9.2.2.3.7 :RSCE RSCE

SCPI:  :CALCulate:LIMit:RSCE <NRf>

SHORT: RSCE <NRf>

ID: n/a Mode: CE
Type: float Suffix:  n/a
Value:  33...10000, [*RST default value] = 33 List: n/a
Unit: n/a Group: n/a

Sets or reads the;Rfor the EN61000-3-12:2008nit calculationin the CE-Harm mode.

9.2.2.3.8 :SYSTem SYSD

SCPI: :CALCulate:LIMit:SYSTem <NRi>

SHORT: SYSD <NRi>

ID: n/a Mode: CE-Harm
Type: long int Suffix:  n/a
Value: 0...3 List: n/a

Unit: n/a Group: n/a

Sets or reads thaupply system for the CE-harmonics and flicker:

0: 230V/50Hz [*RST default value]
1: 230V/60Hz
2: 120V/50Hz
3: 120V/60Hz
4: 220V/50Hz
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5: 220V/60Hz
6: 240V/50Hz
7: 240V/60Hz

9.2.2.3.9 :VERSion EDIT

SCPI:  :CALCulate:LIMit:VERSion <NRi>

SHORT: EDIT <NRi>

ID: n/a Mode: CE
Type: long int Suffix:  n/a
Value: 0.4 List: n/a
Unit: n/a Group: n/a

Sets or reads thedition of the harmonic standard

0: EN61000-3-2:1995 and EN61000-4-7:1993 [*RST default value]

1: EN61000-3-2:1995 and EN61000-4-7:2008
2: EN61000-3-2:2006 and EN61000-4-7:1993
3: EN61000-3-2:2006 and EN61000-4-7:2008
4: EN61000-3-12:2005 and EN61000-4-7:2008

9.2.2.3.10 :ZREF ZREF

SCPI: :CALCulate:LIMit:ZREF <NRf>

SHORT: ZREF <NRf>

ID: n/a Mode: Flicker
Type: int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Sets or reads thegZfor the EN61000-3-11:2000nit calculation

0: (0.24+j0.159 [*RST default value]
1: (0.40+j0.259

9.2.2.3.11 :ZTESt ZTST

SCPI:  :CALCulate:LIMit:ZTESt <NRf>

SHORT: ZTST <NRf>

ID: n/a Mode:  Flicker
Type: float Suffix:  n/a
Value:  0.001...2, [*RST default value] = 0.283 List: n/a
Unit: Q Group: nla

Sets or reads the.4for the EN61000-3-11:2000nit calculation
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9.2.3 :DISPlay commands

:CALCulate

:DISPlay - :CONTrast
:FETCh :RESet
:FORMat

:INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe

:SOURCce

:STATus

:SYSTem

‘TRIGger

9.2.3.1 :CONTrast DISC

SCPI: :DISPlay:CONTrast <NRf>
SHORT: DISC <NRf>

ID: n/a Mode: all
Type: float Suffix:  n/a
Value: 0...100 in %, [*RST default value] = 65 List: n/a
Unit: n/a Group: n/a
Sets or reads the contrast of the display.

9.2.3.2 :RESet DISR

SCPI: :DISPlay:RESet

SHORT: DISR

ID: n/a Mode: all
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Resets thelisplayto the default values. (e.g. small fonts...).

9.2.4 :FETCh and :READ commands

These both commands are used to get measuring values from the instrument. With :FETCh
you get the values which are actually in the copied buffer for the interface. With :READ there
are internally two commands executed: :INITiate:IMMediate and :FETCh (see also 9.2.6.3,

“IMMediate INIM’ for further details).

If you request the same value twice with two :READ commands (e.g.
‘READ:DC?;:READ:DC?) you get two different values of two different cycles. This can cause

problems for example with following request:
‘READ:VOLTAGE:DC?;:READ:CURRENT:DC?

The two values you get for Udc and Idc are measured in different cycles!
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If you request the same value twice with two :FETCh commands you get the same values of
the same cycle. For example :FETC:DC?;:FETC:DC? would not make any sense, because you
will get the same value.

A usual request looks like this:

‘READ:VOLTAGE:DC?;:FETC:CURRENT:DC?

In this case the instrument finishes the actual cycle, copies the values for the interface and
returns the two requested values. This two values are measured in the same cycle!

The SHORT commands perform equal to the :FETCh commands (which means there is
no INIM performed!). So if you want to perform the last example with SHORT
commands you have to enter

INIM;UDC?;IDC?

9.2.4.1 [:SCALar]

9.24.1.1 :CURRent

:CALCulate

:DISPlay

‘FETCh - [:SCALar] - :CURRent - ‘AC
:FORMat :CYCLe :CFACtor
:INITiate :DINPut :DC
(INPut ‘ENERgy :FFACtor
(INSTrument :FLICker :INRush
:MEMory :FREQuency :MAXPk
‘READ - :HARMonics :MINPK
:SENSe :POWer :PPEak
:SOURce :RESistance :RECTify
:STATus :SSYStem ‘RUSed
:SYSTem ‘VARIable [[TRMS]
‘TRIGger [:VOLTage]

9.24.1.1.1 :AC? IAC? lac

SCPI: :FETCh[:SCALar]:CURRent:AC? /qonly/ | :READ[:SCALar]:CURRent:AC? /qgonly/
SHORT: IAC? /qonly/

ID: lac Mode: Normal, CE-Harm
Type: float Suffix:  1...14

Value: n/a List: n/a

Unit: A Group: n/a

Reads the AC value of the current

9.24.1.1.2 :CFACtor? ICF? Icf

SCPI:  :FETCh[:SCALar]:CURRent:CFACtor? /gonly/ | :READ[:SCALar]:CURRent:CFACtor?
/gonly/
SHORT: ICF?/gonly/

ID: Icf Mode: Normal
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Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the crest factor of the current

9.24.1.1.3 :DC? IDC? ldc

SCPI:  :FETCh[:SCALar]:CURRent:DC? /gonly/ | :READ[:SCALar]:CURRent:DC? /qonly/
SHORT: IDC? /qonly/

ID: Idc Mode: Normal, CE-Harm
Type: float Suffix:  1..14

Value: n/a List: n/a

Unit: A Group: n/a

Reads the DC value of the current

9.24.1.1.4 :FFACtor? IFF? Iff

SCPI:  :FETCh[:SCALar]:CURRent:FFACtor? /qonly/ | :READ[:SCALar]:CURRent:FFACtor? /qonly/
SHORT: IFF? /qonly/

ID: Iff Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the form factor of the current

9.24.1.1.5 :FSCale? FSI?

SCPI:  :FETCh[:SCALar]:CURRent:FSCale? /qonly/ | :READ[:SCALar]:CURRent:FSCale? /gonly/
SHORT: FSI? /gonly/

ID: n/a Mode: All
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: A Group: n/a

Reads thdull scalevalue of the current

9.2.4.1.1.6 :INRush? [INR? linr

SCPI:  :FETCh[:SCALar]:CURRent:INRush? /gonly/ | :READ[:SCALar]:CURRent:INRush? /qonly/
SHORT: IINR? /qonly/

ID: linr Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: A Group: nla

Reads the value of the inrush current. For reset see 9.2.14.2
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9.24.1.1.7 :MAXPK? IMAX? Ipkp

SCPI:  :FETCh[:SCALar]:CURRent:MAXPk? /gonly/ | :READ[:SCALar]:CURRent:MAXPK? /qonly/
SHORT: IMAX? /qonly/

ID: Ipkp Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: A Group: n/a

Reads the biggest sample value of the current

9.241.1.8

:‘MINPK?

IMIN?

Ipkn

SCPI:  :FETCh[:SCALar]:CURRent:MINPk? /qonly/ | :READ[:SCALar]:CURRent:MINPk? /gonly/
SHORT: IMIN? /qgonly/

ID: Ipkn Mode: Normal

Type: float Suffix:  1..14

Value: n/a List: n/a

Unit: A Group: n/a

Reads thesmallest sample value of tharrent

9.24.1.19 :PHASe? IPHI? Iphi

SCPI:  :FETCh[:SCALar]:CURRent:PHASe? /qonly/ | :READ[:SCALar]:CURRent:MINPk? /qonly/
SHORT: IPHI? /gonly/

ID: n/a Mode: Normal
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: ° Group: n/a

Reads the phase angle of the curhé&etdisplayed in the Fresnel diagram.

9.2.4.1.1.10 :PPEak? IPP? Ipp

SCPI:  :FETCh[:SCALar]:CURRent:PPEak? /qonly/ | :READ[:SCALar]:CURRent:PPEak? /qonly/
SHORT: IPP? /qonly/

ID: Ipp Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: A Group: nla

Reads the peak peak value of the current.

9.2.4.1.1.11 :RECTIify? IREC? Irect

SCPI:  :FETCh[:SCALar]:CURRent:RECTify? /qonly/ | :READ[:SCALar]:CURRent:RECTify? /gonly/
SHORT: IREC? /qonly/
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ID: Irect Mode: Normal

Type: float Suffix:  1..14

Value: n/a List: n/a

Unit: A Group: n/a

Reads the rectified value of tharrent

9.2.4.1.1.12 :RUSed? OVRI? Ovrl

SCPI:  :FETCh[:SCALar]:CURRent:RUSed? /qonly/ | :READ[:SCALar]:CURRent:RUSed? /qonly/
SHORT: OVRI? /qonly/

ID: Ovrl Mode:  All

Type: float Suffix:  1..14

Value: 0...100 in % List: n/a

Unit: n/a Group: n/a

Reads the usage of the current range

9.2.4.1.1.13 [:TRMS?] ITRMS? Itrms

SCPI:  :FETCh[:SCALar]:CURRent[:TRMS]? /qonly/ | :READ[:SCALar]:CURRent[: TRMS]? /qonly/
SHORT: ITRMS? /qonly/

ID: ltrms Mode: All

Type: float Suffix:  1...18

Value: n/a List: n/a

Unit: A Group: n/a

Reads the TRMS value of the current.

9.2.4.1.2 :CYCLe

:CALCulate

:DISPlay

‘FETCh - [[SCALar] - :CURRent

:FORMat :.CYCLe - :COUNt

INITiate :DINPut ‘TIME

[INPut :ENERgy

(INSTrument :FLICker

:MEMory :FREQuency

‘READ - :HARMonics

:SENSe :POWer

:SOURce :RESistance

:STATus :SSYStem

:SYSTem 'VARiable

‘TRIGger [:VOLTage]

9.2.4.1.2.1 :COUNt? COUNT? Cnr
SCPI:  :FETCh[:SCALar]:CYCLe:COUNLt? /gonly/ | :READ[:SCALar]:CYCLe:COUNt? /qonly/
SHORT: COUNT? /gonly/

ID: Cnr Mode: All

Type: float Suffix:  n/a
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Value: 0...65535 List: n/a
Unit: n/a Group: n/a

Reads an individual number of the measuring cycle counter which is copied into memory. This
value runs up to 65535 and starts then again at O.

9.2.4.1.2.2 :SNUMber? SCTC?

SCPI:  :FETCh[:SCALar]:CYCLe:SNUMber? /gonly/ | :READ[:SCALar]:CYCLe:SNUMber? /qonly/
SHORT: SCTC? /gonly/

ID: n/a Mode:  All

Type: long int Suffix:  n/a
Value:  0..2°-1 List: n/a
Unit: n/a Group: n/a

Reads th@umber ofthelast samplevalue of a cycleThe sample values of the instrument are
counted. At the end of each cycle this counter is stored and can be read by this command. The
counter runs up to°21 and starts then again at 0. See also 9.2.10.14.5, “SCTRigger?

SCTT?”

9.24.1.23 TIME? CYCR? Mtime

SCPI:  :FETCh[:SCALar]:CYCLe:TIME? /qonly/ | :READ[:SCALar]:CYCLe:TIME? /gonly/
SHORT: CYCR? /qonly/

ID: Mtime Mode: Normal, CE-Harm, Flicker, HARM100
Type: float Suffix:  1..14

Value: n/a List: n/a

Unit: S Group: nla

Reads the real measuring timetloé measuring cycleThis is the time for an integer number of
periods of the measured signal (in average this is the cycle time, but it depends on the signal!).

9.2.4.1.3 :DINPut? DIST?

SCPI:  :FETCh[:SCALar]:DINPut? /qonly/ | :READ[:SCALar]:DINPut? /gonly/
SHORT: DIST? /qonly/

ID: digin(), see 4.4.4.2.7, ‘Functions’ Mode: All
Type: long int Suffix: 1,2
Value: 0...64 List: n/a
Unit: n/a Group: n/a

Reads the status of the digital inputs. The bits in the answer have following meanings:
Bit 0: Inputl

Bit 1. Input?2
Bit 2: Input3
Bit 3: Input4
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Bit4: Input5

Bit5: Input6

9.2.4.1.4 :ENERgy

:CALCulate

:DISPlay

‘FETCh - [[SCALar] - :CURRent

:FORMat :.CYCLe

:INITiate :DINPut

:INPut ‘ENERgy - [:ACTive]

(INSTrument :FLICker :APPArent

:MEMory :FREQuency :CHARge

‘READ - :HARMonics :REACtive

:SENSe :POWer ‘TIME

:SOURce :RESistance

:STATus :SSYStem

:SYSTem :‘VARiable

‘TRIGger [:VOLTage]

9.2.4.1.4.1 [:ACTive]? EP? EP

SCPI: :FETCh[:SCALar]:ENERgy[:ACTive]? /qonly/ | :READ[:SCALar]:ENERgy[:ACTive]? /qonly/
SHORT: EP? /gonly/

ID: EP Mode: Normal
Type: float Suffix:  1...14
Value: n/a List: n/a
Unit: Wh Group: n/a

Reads the active energy (integrated active power).

9.24.1.4.2 :APParent? ES? ES

SCPI:  :FETCh[:SCALar]:ENERgy:APPArent? /qonly/ | :READ[:SCALar]:ENERgy:APParent?
/gonly/
SHORT: ES? /gonly/

ID: ES Mode: Normal
Type: float Suffix:  1...14
Value: n/a List: n/a
Unit: VAh Group: n/a

Reads the apparent energy (integrated apparent power).

9.24.1.43 :CHARge? EI? q

SCPI: :FETCh[:SCALar]:ENERgy:CHARge? /qonly/ | :READ[:SCALar]:ENERgy:CHARge? /qonly/
SHORT: EI? /gonly/

ID: o] Mode: Normal
Type: float Suffix:  1...14
Value: n/a List: n/a
Unit: Ah Group: n/a
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Reads the charge (integrated DC current).

9.2.4.1.44 :REACtive? EQ? EQ

SCPI:  :FETCh[:SCALar]:ENERgy:REACtive? /qonly/ |
:READ[:SCALar]:ENERgy:REACtive? /qonly/
SHORT: EQ? /qonly/

ID: EQ Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: varh Group: nl/a

Reads the reactive energy (integrated reactive power).

9.24.1.45 :TIME? INTR?

SCPI:  :FETCh[:SCALar]:ENERgy:TIME? /gonly/ | :READ[:SCALar]:ENERgy:TIME? /qonly/
SHORT: INTR? /gonly/

ID: LoadOK Mode: Normal
Type: long int Suffix:  1..14
Value:  0..2%-1 List: n/a
Unit: ms Group: n/a

Reads théime ofthe running integratian

9.2.4.1.5 :FLICker

9.2.4.1.5.1 [EUTest]

Selects the equipment under test measuring results. They are measured at the voltage input
jacks.

:CALCulate
:DISPlay
‘FETCh - [[SCALar] - :CURRent
:FORMat :CYCLe
INITiate :DINPut
[INPut :ENERgy
INSTrument :FLICker - [[EUTest] - ‘APMoment
:MEMory :FREQuency :LTRemain :DC
‘READ - :HARMonics :PHWave :DELTat
:SENSe :POWer :SOURce :DMAX
:SOURce :RESistance :STATe ‘HWTRms
:STATus :SSYStem :STRemain PLT
:SYSTem ‘VARiable :PMOMentary
‘TRIGger [:VOLTage] PST

:RESult
9.24.151.1 :APMoment? FLMQO? Pmoml

SCPI:  :FETCh[:SCALar]:FLICker[:EUTest]:APMoment? /qonly/ |
:READ[:SCALar]:FLICker[:EUTest]l:APMoment? /qonly/
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SHORT: FLMO? /gonly/

ID: Pmoml Mode:  Flicker
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the averaged momentary flicker level of the equipment under test. It is averaged over 16
periods.

9.24.151.2 :DC? FLDC? dcl

SCPI:  :FETCh[:SCALar]:FLICKker[:EUTest]:DC? /qonly/ |
:READ[:SCALar]:FLICker[:EUTest]:DC? /gonly/
SHORT: FLDC? /gonly/

ID: dcl Mode: Flicker
Type: float Suffix:  1...8
Value: in % List: n/a
Unit: n/a Group: n/a

Reads the gvalue of the equipment under test.

9.24.15.1.3 :DELTat? FLDT? dtl

SCPI:  :FETCh[:SCALar]:FLICker[:EUTest]:DELTat? /qonly/ <list>|
:READ[:SCALar]:FLICKker[:EUTest]:DELTat? /qonly/ <list>
SHORT: FLDT? /qonly/ <list>

ID: dtl Mode:  Flicker
Type: float Suffix:  1...8
Value: in % List: 0..31
Unit: n/a Group: n/a

Reads the d(tyalues of the equipment under test. After each measuring cycle over 16 periods
you can get 32 values.

9.24.151.4 :DMAX? FLDX? dmaxl

SCPI:  :FETCh[:SCALar]:FLICKker[:EUTest]:DMAX? /qonly/ |
:READ[:SCALar]:FLICker[:EUTest]:DMAX? /gonly/
SHORT: FLDX? /qonly/

ID: dmaxl| Mode:  Flicker
Type: float Suffix:  1...8
Value: in % List: n/a
Unit: n/a Group: n/a

Reads the g« value of the equipment under test.
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9.2.4.1.5.1.5 :DTMViolation? FLMV?

SCPI:  :FETCh[:SCALar]:FLICker[:EUTest]:DTMViolation? /gonly/ |
:READ[:SCALar]:FLICker[:EUTest]:DTMViolation? /qonly/
SHORT: FLMV? /qonly/

ID: n/a Mode:  Flicker
Type: long int Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads thenaximum number of half wavdsr which the d(t) of the equipment under test was
bigger than allowed in the standard.

9.24.1516 HWTRmMs? FLRM? Uhwl

SCPI:  :FETCh[:SCALar]:FLICKker[:EUTest]:HWTRms? /qonly/ <list> |
:READ[:SCALar]:FLICker[:EUTest:HWTRms? /qonly/ <list>
SHORT: FLRM? /qonly/ <list>

ID: Uhwl Mode:  Flicker
Type: float Suffix:  1...8
Value: n/a List: 0..31
Unit: \% Group: n/a

Reads the half wave TRMS values of the equipment under test. After each measuring cycle
over 16 periods you can get 32 values.

9.24.15.1.7 PLT? FLLT? Pltl

SCPI:  :FETCh[:SCALar]:FLICker[:EUTest]:PLT? /qonly/ |
:READ[:SCALar]:FLICker[:EUTest]:PLT? /qonly/
SHORT: FLLT? /gonly/

ID: PItl Mode:  Flicker
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the Pvalue of the equipment under test.

9.24.15.1.8 :PMOMentary? FLMS? Pml

SCPI:  :FETCh[:SCALar]:FLICker[:EUTest]:PMOMentary?/gonly/ <list> |
:READ[:SCALar]:FLICKker[:EUTest]:PMOMentary? /qonly/ <list>
SHORT: FLMS? /gonly/ <list>

ID: Pml Mode:  Flicker
Type: float Suffix:  1...8
Value: n/a List: 0..31
Unit: n/a Group: n/a
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Reads thenomentary flicker level of the equipment under test. After each measuring cycle
over 16 periods you can get 32 values.

9.24.1519 :PST? FLST? Pstl

SCPI:  :FETCh[:SCALar]:FLICker[:EUTest]:PST? /qonly/ |
:READ[:SCALar]:FLICker[:EUTest]:PST? /qonly/
SHORT: FLST? /qonly/

ID: Pstl Mode:  Flicker
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the fvalue of the equipment under test.

9.2.4.1.5.1.10 :RESult? FLRE? LoadOK

SCPI:  :FETCh[:SCALar]:FLICker[:EUTest]:RESuIlt? /qonly/ |
:READ[:SCALar]:FLICker[:EUTest]:RESuIlt? /qonly/
SHORT: FLRE? /qonly/

ID: n/a Mode: Flicker
Type: long int Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the result of thlcker measuringat the equipment under test.

Bit 0: Set if the total evaluation of the flicker fails (=if any of the sub evaluation fails). Cleared
otherwise.

Bit 1. Setif at least onesPralue was >1.0, cleared otherwise.

Bit 2: Set if the R value was >0.65 at the END of the measuring interval, cleared otherwise.

Bit 3: Set if dhax Was bigger than limit, cleared otherwise.

Bit 4. Set if d(t) was >3% for more than allowed time, cleared otherwise.

Bit 5: Setif d was > 3%, cleared otherwise.

9.2.4.1.5.2 :LTRemain? FLTR?

SCPI:  :FETCh[:SCALar]:FLICker:LTRemain? /qonly/ |
:READ[:SCALar]:FLICker:LTRemain? /qonly/
SHORT: FLTR? /gonly/

ID: n/a Mode: Flicker
Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: S Group: n/a

Reads theemaining long timdor theflicker measurement
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9.24.15.3 :PHWave? FLPH? Phw

SCPI:  :FETCh[:SCALar]:FLICker:PHWave? /gonly/ <list> |
:READ[:SCALar]:FLICker:PHWave? /gonly/ <list>
SHORT: FLPH? /qonly/ <list>

ID: Phw Mode: Flicker
Type: float Suffix:  1...8
Value: n/a List: 0..31
Unit: W Group: nla

Reads the half wave power values. After each measuring cycle over 16 periods you can get 32
values. To get a correct value it is necessary to measure the current with the current channel
and not the voltage of a source!

9.24.1.5.4 :SOURce

Selects the source’s measuring results. They are measured at the current input jacks.

:CALCulate

:DISPlay

‘FETCh - [[SCALar] - :CURRent

:FORMat :CYCLe

INITiate :DINPut

[INPut :ENERgy

:INSTrument :FLICker - [:EUTest]

:MEMory :FREQuency :LTRemain

‘READ - :HARMonics :PHWave

:SENSe :POWer :SOURce - :APMoment

:SOURce :RESistance :STATe :DC

:STATus :SSYStem :STRemain :DELTat

:SYSTem ‘VARiable :DMAX

‘TRIGger [:VOLTage] ‘HWTRms
PLT
:PMOMentary
PST
:RESult

9.24.1541 :APMoment? FSMQO? Pmoms

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:APMoment? /qonly/ |
:READ[:SCALar]:FLICker:SOURce:APMoment? /qonly/
SHORT: FSMO? /gonly/

ID: Pmoms Mode: Flicker
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the averaged momentary flicker levehefsource. It is averaged over 16 periods.

9.24.1542 :DC? FSDC? dcs

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:DC? /qonly/ |
:READ[:SCALar]:FLICker:SOURce:DC? /qonly/
SHORT: FSDC? /gonly/
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ID: dcs Mode: Flicker
Type: float Suffix:  1...8
Value: in % List: n/a
Unit: n/a Group: n/a

Reads the gvalue of the source.

9.24.1543 DELTat? FSDT? dts

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:DELTat? /qonly/ <list>|
:READ[:SCALar]:FLICker:SOURce:DELTat? /gonly/ <list>
SHORT: FSDT? /qonly/ <list>

ID: dts Mode:  Flicker
Type: float Suffix:  1...8
Value: in % List: 0..31
Unit: n/a Group: n/a

Reads the d(tyalues of the source. After each measuring cycle over 16 periods you can get 32
values.

9.24.1.54.4 DMAX? FSDX? dmaxs

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:DMAX? /qonly/ |
:READ[:SCALar]:FLICker:SOURce:DMAX? /qonly/
SHORT: FSDX? /qonly/

ID: dmaxs Mode:  Flicker
Type: float Suffix:  1...8
Value: in % List: n/a
Unit: n/a Group: n/a

Reads the g« value of the source.

9.2.4.1.5.45 :DTMViolation? FSMV?

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:DTMViolation? /qonly/ |
:READ[:SCALar]:FLICker:SOURce:DTMViolation? /qonly/
SHORT: FSMV? /gonly/

ID: n/a Mode: Flicker
Type: long int Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads thenaximum number of half wavdsr which the d(t) of the source was bigger than
allowed in the standard.

9.241546 HWTRms? FSRM? Uhws

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:HWTRms? /qonly/ <list> |
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:READ[:SCALar]:FLICker:SOURce:HWTRms? /qonly/ <list>
SHORT: FSRM? /qonly/ <list>

ID: Uhws Mode:  Flicker
Type: float Suffix:  1...8
Value: n/a List: 0..31
Unit: V or A depending on measured signal ~ Group: n/a

Reads the half wave TRMS values of the source. After each measuring cycle over 16 periods
you can get 32 values.

9.24.154.7 PLT? FSLT? Plts

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:PLT? /qonly/ |
:READ[:SCALar]:FLICker:SOURce:PLT? /qonly/
SHORT: FSLT? /qonly/

ID: Plts Mode:  Flicker
Type: float Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the Pvalue of the source.

9.24.1.5.48 :PMOMentary? FSMS? Pms

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:PMOMentary? /qonly/ <list>|
:READ[:SCALar]:FLICker:SOURce:PMOMentary? /qonly/ <list>
SHORT: FSMS? /gonly/ <list>

ID: Pms Mode:  Flicker
Type: float Suffix:  1...8
Value: n/a List: 0..31
Unit: n/a Group: n/a

Reads thenomentary flicker level of the source. After each measuring cycle over 16 periods
you can get 32 values.

9.24.1549 :PST? FSST? Psts

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:PST? /gonly/ |
:READ[:SCALar]:FLICker:SOURce:PST? /qonly/
SHORT: FSST? /qonly/

ID: Psts Mode:  Flicker
Type: float Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the fvalue of the source.
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9.2.4.1.5.4.10 :RESult? FSRE? SrcOK

SCPI:  :FETCh[:SCALar]:FLICker:SOURce:RESuIt? /qonly/ |
:READ[:SCALar]:FLICker:SOURce:RESult? /qonly/
SHORT: FSRE? /qonly/

ID: n/a Mode:  Flicker
Type: long int Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the result of thlcker measuringat the source.

Bit 0: Set if the total evaluation of the flicker fails (=if any of the sub evaluation fails). Cleared
otherwise.

Bit 1. Setif at least onesPralue was >1.0, cleared otherwise.

Bit 2: Set if the Rvalue was >0.65 at the END of the measuring interval, cleared otherwise.

Bit 3: Set if dhax Was bigger than limit, cleared otherwise.

Bit 4. Set if d(t) was >3% for more than allowed time, cleared otherwise.

Bit 5: Setif d was > 3%, cleared otherwise.

9.24.1.55 :STATe? FSTA?

SCPI:  :FETCh[:SCALar]:FLICker:STATe? /qonly/ | :READ[:SCALar]:FLICker:STATe? /gonly/
SHORT: FSTA? /qonly/

ID: n/a Mode:  Flicker
Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the state of tiflecker measuring

0: Reset

1: Wait

2: Run

3: Stop

9.2.4.15.6 :STRemain? FSTR?

SCPI:  :FETCh[:SCALar]:FLICker:STRemain? /qonly/ |
:READ[:SCALar]:FLICker:STRemain? /qonly/
SHORT: FSTR? /gonly/

ID: n/a Mode:  Flicker
Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: S Group: nla

Reads the remaining short time for the actual short term measurement.
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9.2.4.1.6 FREQuency

:CALCulate

:DISPlay

‘FETCh - [[SCALar] - :CURRent

:FORMat :.CYCLe

:INITiate :DINPut

[INPut ‘ENERgy

INSTrument :FLICker

:MEMory :FREQuency - :FINPut

‘READ - :HARMonics :SAMPle

:SENSe :POWer [:SSOurce]

:SOURce :RESistance

:STATus :SSYStem

:SYSTem :‘VARiable

‘TRIGger [:VOLTage]

9.24.1.6.1 :FINPut? DIFQ? DigFrq

SCPI: :FETCh[:SCALar]:FREQuency:FINPut? /gonly/ |
:READI[:SCALar]:FREQuency:FINPut? /qonly/

SHORT: DIFQ?/qonly/

ID: DigFrg Mode: All

Type: float Suffix: 1,2

Value: n/a List: n/a

Unit: Hz Group: n/a

Reads the value of frequency input of the processing signal interface

9.2.4.1.6.2 :SAMPle? SMPL?

SCPI: :FETCh[:SCALar]:FREQuency:SAMPIe? /gonly/ |
:READ[:SCALar]:FREQuency:SAMPLe? /qonly/

SHORT: SMPL? /gonly/

ID: n/a Mode: All

Type: float Suffix:  n/a

Value: n/a List: n/a

Unit: Hz Group: optional [,<NRi>], 0=A, 1=B, ...

Reads theampling frequency dhe LMG.

9.2.4.1.6.3 :SSOurce? FREQ? f

SCPI: :FETCh[:SCALar]:FREQuency[:SSOurce]? /gonly/ |
:READI[:SCALar]:FREQuency[:SSOurce]? /gonly/
SHORT: FREQ? /gonly/

ID: f Mode:
Type: float Suffix:
Value: n/a List:

Unit: Hz Group:

Reads the frequency tife synchronisation source
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9.2.4.1.7 :HARMonics

:CALCulate

:DISPlay

‘FETCh - [[SCALar] - :CURRent

:FORMat :.CYCLe

:INITiate :DINPut

[INPut ‘ENERgy

INSTrument :FLICker

:MEMory :FREQuency

‘READ - :HARMonics - :AMPFactor

:SENSe :POWer :AMPower

:SOURCce :RESistance :APFactor

:STATus :‘VARiable :APower

:SYSTem [:VOLTage] :CDResult

‘TRIGger :CURRent
:LTRemain
:POWer
[:VOLTage]

9.24.1.7.1 :AMPFactor? HPFM?

SCPI: :FETCh[:SCALar]:HARMonics:AMPFactor? /gonly/ |
:READ[:SCALar]:HARMonics:AMPFactor? /qonly/
SHORT: HPFM? /qonly/

ID: n/a Mode: CE
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the maximum smoothed power factor of the harmonic measuring.

9.24.1.7.2 :AMPower? HPM?

SCPI: :FETCh[:SCALar]:HARMonics:AMPower? /qonly/ |
:READ[:SCALar]:HARMonics:AMPower? /qonly/
SHORT: HPM? /qonly/

ID: n/a Mode: CE
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: W Group: n/a

Reads the maximum smoothed power of the harmonic measuring.

9.2.4.1.7.3 :APFactor? HPFA?

SCPI: :FETCh[:SCALar]:HARMonics:APFactor? /qonly/ |
:READ[:SCALar]:HARMonics:APFactor? /qonly/
SHORT: HPFA? /gonly/

ID: n/a Mode: CE
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a
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Reads the smoothed power factor of the harmonic measuring.

9.24.1.7.4 :APOWer? HPAV?

SCPI:  :FETCh[:SCALar]:HARMonics:APOWer? /qonly/ |
:READ[:SCALar]:HARMonics:APOWer? /gonly/
SHORT: HPAV? /qonly/

ID: n/a Mode: CE
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: W Group: n/a

Reads the smoothed power of the harmonic measuring.

9.24.1.7.5 :CDResult? HENS?

SCPI:  :FETCh[:SCALar]:HARMonics:CDResult? /qonly/ |
:READ[:SCALar]:HARMonics:CDResult? /qonly/
SHORT: HENS? /qgonly/

ID: n/a Mode: CE
Type: long int Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the class D result of the harmonic measuring:

Bit 0: Set if the total class D evaluation failed (=if any of the sub evaluation failed). Cleared

otherwise.
Bit 1. Set if the current was for <95% of time under the positive special envelop, cleared
otherwise.

Bit 2: Set if the current was for <95% of time under the negative special envelop, cleared

otherwise.
Bit 3: Set if P>600W, cleared otherwise.

Bit 4: Set if the total class C evaluation failed (=if any of the sub evaluation failed). Cleared

otherwise.

Bit 5. Set if the 60° condition failed in first halfwave. Cleared otherwise.

Bit 6: Set if the 65° condition failed in first halfwave. Cleared otherwise.

Bit 7. Set if the 90° condition failed in first halfwave. Cleared otherwise.

Bit 8: Set if the peak value in first halfwave is negative. Cleared otherwise.

Bit 9: Set if the 60° condition failed in second halfwave. Cleared otherwise.
Bit 10: Set if the 65° condition failed in second halfwave. Cleared otherwise.
Bit 11: Set if the 90° condition failed in second halfwave. Cleared otherwise.
Bit 12: Set if the peak value in second halfwave is negative. Cleared otherwise.

9.24.1.7.6 :CURRent

:CALCulate
:DISPlay
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‘FETCh - [[SCALar] - :CURRent

:FORMat :.CYCLe

:INITiate :DINPut

[INPut ‘ENERgy

INSTrument :FLICker

:MEMory :FREQuency

‘READ - :HARMonics - :AMPower

:SENSe :POWer :APFactor

:SOURce :RESistance :CDResult

:STATus :SSYStem :CURRent - :AAMPlitude

:SYSTem :‘VARiable :LTRemain :AFUNdamental

‘TRIGger [:VOLTage] :POWer :AMPLitude

[:VOLTage] :FPRotz

:FRESult
:GFResult
:LIMit
:LTResult
:OLIMit
:PHASe
:POHarmonics
:POLimit
:SAVerage
:SMOothed
:STATe
:THARmMoNic
:THDistortion

9.2.4.1.7.6.1 :AAMPIlitude? HIAV? laver

SCPI: :FETCh[:SCALar]:HARMonics:CURRent:AAMPIlitude? /qgonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:AAMPIlitude? /qgonly/ <list>
SHORT: HIAV? /gonly/ <list>

ID: laver Mode: CE-Harm

Type: float Suffix:  1...8

Value: n/a List: 0...40 for harmonic order
Unit: A Group: n/a

Reads the average amplitude of hlaemonicf the current

9.2.4.1.7.6.2 :AFUNdamental? HIFM?

SCPI: :FETCh[:SCALar]:HARMonics:CURRent:AFUNdamental? /qonly/ |
:READ[:SCALar]:HARMonics:CURRent:AFUNdamental? /qonly/
SHORT: HIFM? /qonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: A Group: n/a

Reads the maximum averaged fundamental current of the harmonics.

9.24.1.7.6.3 :AMPLitude? HIAM? Ih

SCPI: :FETCh[:SCALar]:HARMonics:CURRent:AMPLitude? /gonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:AMPLitude? /gonly/ <list>
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SHORT: HIAM? /gonly/ <list>

ID: Ih Mode: CE-Harm, HARM100

Type: float Suffix:  1...8(CE-Harm), 1...14(HARM100)
Value: n/a List: 0...40/99 (CE-Harm/HARM100) for order
Unit: A Group: n/a

Reads the amplitude tie harmonicsof the current

9.24.1.76.4 :FPRotz? HFMX?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:FPRotz? /qonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:FPRotz? /gonly/ <list>
SHORT: HFMX? /qonly/ <list>

ID: n/a Mode: CE-Harm

Type: float Suffix:  1...8

Value: in % List: 0...40 for harmonic order
Unit: n/a Group: n/a

Reads the maximum duration in percent of a 2.5 minute window while each harmonic was over
the 100% limit.

9.24.1.76.5 :FRESult? HIFL?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:FRESuIt? /qonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:FRESuIlt? /gonly/ <list>
SHORT: HIFL? /gonly/ <list>

ID: n/a Mode: CE-Harm

Type: long int Suffix:  1...8

Value:  0..2"-1 List: 0, 1 for array element
Unit: n/a Group: n/a

Reads the long time result of thectuating harmonicef the currentThis is an array of 2 long
numbers, so that you get a 64 bit result, if you read out both elements. Each bit from 0 to 40
indicates, if the corresponding harmonic has at least one time while the measuring violated the
limit for more than 10% of a 2.5 minute window.

9.24.1.7.6.6 :GFResult? HIGF?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:GFResult? /qonly/ |
:READ[:SCALar]:HARMonics:CURRent:GFResult? /gonly/
SHORT: HIGF? /qgonly/

ID: n/a Mode: CE-Harm
Type: long int Suffix:  1...8
Value: n/a List: n/a

Unit: n/a Group: n/a

Reads the global final result tife current check

169



Interfaces (IEEE option L50-O1) LMG500

Bit O:

Bit 1:
Bit 2:

Bit 3:
Bit 4:

Bit 5:

Bit 6:

Bit 7:

Bit 8:
Bit 9:

Set if the total current evaluation failed (=if any of the sub evaluation failed). Cleared
otherwise.

Set if any of the harmonics was > 100% of the allowed limit, cleared otherwise.

Set if the fluctuating harmonics were for more than 10% of the 2.5 minute window
between 100% and 150% of the limit. Cleared otherwise.

Set if questionable vales (with ‘?’) have occurred. Cleared otherwise.

Set if measured power was > 110% of defined power. Cleared otherwise. This is only a
warning, not an error.

Set if measured power factor was > 110% of defined power factor. Cleared otherwise.
This is only a warning, not an error.

Set if measured fundamental current was > 110% of defined fundamental current.
Cleared otherwise. This is only a warning, not an error.

Set if measured power was < 90% of defined power. Cleared otherwise.

Set if measured power factor was < 90% of defined power factor. Cleared otherwise.
Set if measured fundamental current was < 90% of defined fundamental current.
Cleared otherwise.

Bit 10: Set if any harmonic is > 150% of limits. Cleared otherwise.
Bit 11: Set if the THD condition of EN61000-3-12 failed. Cleared otherwise.

9.2.4.1.7.6.7 :IAMPlitude? HIZA?

SCPI:

:FETCh[:SCALar]:HARMonics:CURRent:IAMPlitude? /gonly/ <list>|
:READ[:SCALar]:HARMonics:CURRent:IAMPlitude? /gonly/ <list>

SHORT: HIZA? /qgonly/ <list>

ID:

Type:
Value:

Unit:

n/a Mode: CE-Harm

float Suffix; 1...8

n/a List: 0...5 for interharmonics number relative
to start position

A Group: n/a

Reads the interharmonicstbie currenin CE-HRM mode. To define the analysis area see
command.2.10.8.2, ISTart HNRZ'

9.24.1.7.6.8 :LIMit? HILM? IL

SCPI:

:FETCh[:SCALar]:HARMonics:CURRent:LIMit? /qonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:LIMit? /qonly/ <list>

SHORT: HILM? /gonly/ <list>

ID:
Type:
Value:
Unit:

IL Mode: CE-Harm

float Suffix; 1...8

n/a List: 0...40 for order
A Group: n/a

Reads thdimits of the harmonicf the current

170



Z E S ZIMMER Electronic Systems GmbH Chapter 9

9.24.1.7.6.9 :LTResult? HILT?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:LTResult? /qonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:LTResult? /gonly/ <list>
SHORT: HILT? /qonly/ <list>

ID: n/a Mode: CE-Harm

Type: long int Suffix:  1...8

Value:  0..2"-1 List: 0, 1 for array element
Unit: n/a Group: n/a

Reads the long time result of thermonicsof the currentThis is an array of 2 long numbers,
so that you get a 64 bit result, if you read out both elements. Each bit from 0 to 40 indicates, if
the corresponding harmonic has at least one time while the measuring violated the limit.

9.2.4.1.7.6.10 :OLIMit? HIOV?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:OLIMit? /gonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:OLIMit? /qonly/ <list>
SHORT: HIOV? /qonly/ <list>

ID: n/a Mode: CE-Harm

Type: long int Suffix:  1...8

Value: 0..2"-1 List: 0...3 for array element
Unit: n/a Group: n/a

Reads the over limit status of thermonicsof the currentThis is an array of 4 long numbers,
so that you get two 64 bit results, if you read out the elements 0/1 or 2/3.

For array element 2/3 each bit from 0 to 40 indicates, if the corresponding harmonic has
violated the limit in the actual frame (‘" on LMG display).

For array element 0/1 each bit from 0 to 40 indicates, if the corresponding harmonic has
violated the 100% limit but is within the 150% limit in the actual frame (*?’ on LMG display).

9.24.1.7.6.11 :PHASe? HIPH? IP

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:PHASe? /qonly/ <list> |
:READ[:SCALar]:HARMonics:CURRent:PHASe? /qonly/ <list>
SHORT: HIPH? /gonly/ <list>

ID: IP Mode: HARM100
Type: float Suffix:  1..14

Value: n/a List: 0...99 for order
Unit: ° Group: nla

Reads the phase of tharmonicsof the current

9.2.4.1.7.6.12 :POHarmonic? HPOC? Ipohc

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:POHarmonic? /gonly/ |
:READ[:SCALar]:HARMonics:CURRent:POHarmonic? /qonly/
SHORT: HPOC? /gonly/
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ID: Ipohc Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: A Group: n/a

Reads the Partial Odd Harmonic Current.

9.2.4.1.7.6.13 :POLimit? HLIP?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:POLiImit? /qonly/ |
:READ[:SCALar]:HARMonics:CURRent:POLimit? /qonly/
SHORT: HLIP? /gonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: A Group: n/a

Reads the partial odd harmonic current which is calculated frohmilseat the end of a
measuring.

9.2.4.1.7.6.14 :SAVerage? HIAS?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:SAVerage? /gonly/ |
:READ[:SCALar]:HARMonics:CURRent:SAVerage? /qonly/
SHORT: HIAS? /gonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: A Group: n/a

Reads the smoothed averaged TRMS current.

9.2.4.1.7.6.15 :SMOothed? HIMA?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:SMOothed? /qonly/ |
:READ[:SCALar]:HARMonics:CURRent:SMOothed? /gonly/
SHORT: HIMA? /gonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: A Group: n/a

Reads the smoothed TRMS current in this measuring mode.

9.24.1.7.6.16 :STATe? HIST?

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent:STATe? /qonly/ |
:READ[:SCALar]:HARMonics:CURRent:STATe? /gonly/
SHORT: HIST? /qonly/
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ID: n/a Mode: CE-Harm
Type: long int Suffix:  1...8
Value: n/a List: n/a

Unit: n/a Group: n/a

Reads the actual result of the current check

Bit 0: Set if the total current evaluation failed (=if any of the sub evaluation failed). Cleared
otherwise.

Bit 1: Set if any of the harmonics was > 100% of the allowed limit, cleared otherwise.

Bit 2: Set if the fluctuating harmonics were for more than 10% of the 2.5 minute window
between 100% and 150% of the limit. Cleared otherwise.

Bit 3: Set if questionable vales (with *?’) have occurred. Cleared otherwise.

Bit 10: Set if any harmonic is > 150% of limits. Cleared otherwise.

9.2.4.1.7.6.17 :THARmonic? HTHC? Ithc

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent: THARmonic? /qonly/ |
:READ[:SCALar]:HARMonics:CURRent: THARmonic? /qonly/
SHORT: HTHC? /qgonly/

ID: Ithc Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: A Group: n/a

Reads the Total Harmonic Current.

9.2.4.1.7.6.18 :THDistort? HIHD? Ithd

SCPI:  :FETCh[:SCALar]:HARMonics:CURRent: THDistort? /qonly/ |
:READ[:SCALar]:HARMonics:CURRent: THDistort? /qonly/
SHORT: HIHD? /qonly/

ID: Ithd Mode: CE-Harm, Flicker, HARM100
Type: float Suffix:  1...8/12

Value: in % List: n/a

Unit: n/a Group: n/a

Reads the THD of the current

9.2.4.1.7.7 :LTRemain? HLTR?

SCPI:  :FETCh[:SCALar]:HARMonics:LTRemain? /qonly/ |
:READ[:SCALar]: HARMonics:LTRemain? /qonly/
SHORT: HLTR? /gonly/

ID: n/a Mode: CE-Harm
Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: S Group: n/a

Reads the remaining long time for the harmonic measurement.
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9.24.1.7.8 :POWer
:CALCulate
:DISPlay
‘FETCh - [[SCALar] - :CURRent
:FORMat :.CYCLe
:INITiate :DINPut
[INPut ‘ENERgy
(INSTrument :FLICker
:MEMory :FREQuency
‘READ - :HARMonics - :AMPower
:SENSe :POWer :APFactor
:SOURCce :RESistance :CDResult
:STATus SSYStem :CURRent
:SYSTem :VARIable :LTRemain
‘TRIGger [}VOLTage] ‘POWer - :ACTive
[:VOLTage] :APParent
:REACtive
9.24.1.7.8.1 :ACTive? HPAM? Ph
SCPI: :FETCh[:SCALar]:HARMonics:POWer:ACTive? /gonly/ <list> |
:READI[:SCALar]:HARMonics:POWer:ACTive? /gonly/ <list>
SHORT: HPAM? /qonly/ <list>
ID: Ph Mode: HARM100
Type: float Suffix:  1...14
Value: n/a List: 0...99 for order
Unit: W Group: n/a
Reads théarmonics othe active power
9.24.1.7.8.2 :APParent? HSAM? Sh
SCPI: :FETCh[:SCALar]:HARMonics:POWer:APParent?/gonly/ <list> |
:READI[:SCALar]:HARMonics:POWer:APParent? /gonly/ <list>
SHORT: HSAM? /qonly/ <list>
ID: sh Mode: HARM100
Type: float Suffix:  1...14
Value: n/a List: 0...99 for order
Unit: VA Group: n/a
Reads thénarmonics othe apparent power
9.2.4.1.7.8.3 :DISTortion? D? D
SCPI: :FETCh[:SCALar]:HARMonics:POWer:DISTortion?/qonly/ |

:READ[:SCALar]:HARMonics:POWer:Distortion? /qonly/

SHORT: D? /gonly/

ID: D

Type: float
Value: n/a
Unit: var

Mode: CE-Harm, HARM100
Suffix:  1...14

List: n/a

Group: n/a
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Reads the distortion power.

9.2.4.1.7.8.4 :REACtive? HQAM? Qh

SCPI:  :FETCh[:SCALar]:HARMonics:POWer:REACtive? /gonly/ <list> |
:READ[:SCALar]:HARMonics:POWer:REACtive? /qonly/ <list>
SHORT: HQAM? /gonly/ <list>

ID: Qh Mode: HARM100
Type: float Suffix:  1..14

Value: n/a List: 0...99 for order
Unit: var Group: nla

Reads théarmonics othe reactive power

9.2.4.1.7.9 [:VOLTage]

:CALCulate

:DISPlay

‘FETCh - [[SCALar] - :CURRent

:FORMat :CYCLe

INITiate :DINPut

[INPut :ENERgy

(INSTrument :FLICker

:MEMory :FREQuency

‘READ - :HARMonics - :AMPower

:SENSe :POWer :APFactor

:SOURce :RESistance :CDResult

:STATus :SSYStem :CURRent

:SYSTem ‘VARiable :LTRemain

‘TRIGger [:VOLTage] :Power

[[VOLTage] - ‘AMPLitude

:GFResult
:LIMit
LTResult
:MAMPIlitude
:OLIMit
‘PHASe
:STATe
:THDistortion

9.2.4.1.7.9.1 :AMPLitude? HUAM? Uh

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:AMPLitude? /qonly/ <list> |
:READ[:SCALar]:HARMonics[:VOLTage]:AMPLitude? /qgonly/ <list>
SHORT: HUAM? /gonly/ <list>

ID: Uh Mode: CE-Harm, HARM100

Type: float Suffix:  1...8(CE-Harm), 1...14(HARM100)
Value: n/a List: 0...40/99 (CE-Harm/HARM100) for order
Unit: \% Group: n/a

Reads the amplitude tiie harmonicsof the voltage
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9.24.1.7.9.2 :GFResult? HUGF?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:GFResult? /qonly/ |
:READ[:SCALar]:HARMonics[:VOLTage]:GFResult? /gonly/
SHORT: HUGF? /qonly/

ID: n/a Mode: CE-Harm
Type: long int Suffix:  1...8
Value: n/a List: n/a

Unit: n/a Group: n/a

Reads the global final result tife voltage check.

Bit 0: Set if the total voltage evaluation failed (=if any of the sub evaluation failed). Cleared
otherwise.

Bit 1: Set if any of the harmonics was > 100% of the allowed limit, cleared otherwise.

Bit 2: Set if the voltage amplitude was not within the limit, cleared otherwise.

Bit 3: Set if the frequency was not within the limit, cleared otherwise.

Bit 4: Set if the crest factor was not within the limit, cleared otherwise.

Bit 5: Set, if the peak value is not within 93°

9.24.1.79.3 :HWCFactor? FLCF?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]: HWCFactor? /qonly/ <list>|
:READ[:SCALar]:HARMonics[:VOLTage]: HWCFactor? /qonly/ <list>
SHORT: FLCF? /qonly/ <list>

ID: n/a Mode: CE-Harm

Type: float Suffix:  1...8

Value: n/a List: 0...31 for half wave number
Unit: n/a Group: n/a

Reads the voltage crest factor of the half waves. After each measuring cycle over 16 periods
you can get 32 values.

9.2.4.1.7.9.4 :IAMPIlitude? HUZA?

SCPI:  :FETCh[:SCALar]:HARMonics:VOLTage:IAMPlitude? /qonly/ |
:READ[:SCALar]:HARMonics:VOLTage:IAMPlitude? /qonly/
SHORT: HUZA? /gonly/

ID: n/a Mode: CE-Harm

Type: float Suffix:  0...8

Value: n/a List: 0...5 for interharmonics number relative
to start position

Unit: \% Group: nla

Reads the interharmonicstbie voltageTo define the analysis area see command 9.2.10.8.2,
“ISTart HNRZ’
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9.24.1.79.5 :LIMit? HULM? UL

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:LIMit? /qonly/ <list> |
:READ[:SCALar]:HARMonics[:VOLTage]:LIMit? /qonly/ <list>
SHORT: HULM? /qonly/ <list>

ID: UL Mode: CE-Harm
Type: float Suffix:  1...8

Value: n/a List: 0...40 for order
Unit: \% Group: n/a

Reads thdéimits of the harmonicf the voltage.

9.24.1.7.9.6 LTResult? HULT?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:LTResult? /gonly/ <list> |
:READ[:SCALar]:HARMonics[:VOLTage]:.LTResult? /gonly/ <list>
SHORT: HULT? /qonly/ <list>

ID: n/a Mode: CE-Harm

Type: long int Suffix:  1...8

Value: 0..2"-1 List: 0, 1 for array element
Unit: n/a Group: n/a

Reads the long time result of thermonicsof the voltageThis is an array of 2 long numbers,
so that you get a 64 bit result, if you read out both elements. Each bit from 0 to 40 indicates, if
the corresponding harmonic has at least one time while the measuring violated the limit.

9.2.4.1.7.9.7 :MAMPIlitude? HUMX? UMax

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:MAMPIitude? /qonly/ <list> |
:READ[:SCALar]:HARMonics[:VOLTage]:MAMPIitude? /qonly/ <list>
SHORT: HUMX? /qonly/ <list>

ID: UMax Mode: CE-Harm
Type: float Suffix:  1...8

Value: n/a List: 0...40 for order
Unit: \% Group: n/a

Reads thenaximum amplitude ofhe harmonicf the voltage

9.2.4.1.79.8 :MAXCfactor? FLCX?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]: MAXCfactor? /gonly/ |
:READ[:SCALar]:HARMonics[:VOLTage]: MAXCfactor? /qonly/
SHORT: FLCX? /qonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: n/a Group: n/a

Reads the maximum crest factor of the voltage
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9.24.1.79.9 :MAXPhi? FLPX?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]: MAXPhi? /qonly/ |
:READ[:SCALar]:HARMonics[:VOLTage]: MAXPhi? /qonly/
SHORT: FLPX? /gonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: ° Group: nla

Reads the maximum phase of peak valuthefvoltage

9.2.4.1.7.9.10 :MINCfactor? FLCN?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]: MINCfactor? /qonly/ |
:READ[:SCALar]:HARMonics[:VOLTage]: MINCfactor? /qonly/
SHORT: FLCN? /gonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: n/a Group: n/a

Reads the minimum crestfactortbé voltage

9.2.4.1.7.9.11 :MINPhi? FLPN?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]: MINPhi? /qonly/ |
:READ[:SCALar]:HARMonics[:VOLTage]: MINPhi? /qonly/
SHORT: FLPN? /qonly/

ID: n/a Mode: CE-Harm
Type: float Suffix:  1...8
Value: n/a List: n/a

Unit: ° Group: n/a

Reads the minimum phase of peak valuthefvoltage

9.2.4.1.7.9.12 :OLIMit? HUOV?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:OLIMit? /qonly/ <list> |
:READ[:SCALar]:HARMonics[:VOLTage]:OLIMit? /gonly/ <list>
SHORT: HUOV? /gonly/ <list>

ID: n/a Mode: CE-Harm

Type: long int Suffix:  1...8

Value:  0..2"-1 List: 0...3 for array element
Unit: n/a Group: n/a

Reads the over limit status of thermonicsof the voltageThis is an array of 4 long numbers,
so that you get two 64 bit results, if you read out the elements 0/1 or 2/3.
For array element 2/3 each bit from 0 to 40 indicates, if the corresponding harmonic has

178



Z E S ZIMMER Electronic Systems GmbH Chapter 9

violated the limit in the actual frame (‘" on LMG display).
Array elements 0/1 are not used.

9.2.4.1.7.9.13 :PHASe? HUPH? upP

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:PHASe? /qonly/ <list> |
:READ[:SCALar]:HARMonics[:VOLTage]:PHASe? /qonly/ <list>
SHORT: HUPH? /qonly/ <list>

ID: upP Mode: HARM100
Type: float Suffix:  1..14

Value: n/a List: 0...99 for order
Unit: ° Group: nla

Reads the phase of tharmonicsof the voltage

9.2.4.1.7.9.14 :PPHase? FLUP?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]: PPHase? /gonly/ <list>|
:READ[:SCALar]:HARMonics[:VOLTage]: PPHase? /qonly/ <list>
SHORT: FLUP? /qonly/ <list>

ID: n/a Mode: CE-Harm

Type: float Suffix:  1...8

Value: n/a List: 0...31 for half wave number
Unit: ° Group: n/a

Reads the phase angle of the voltage peak value of the half waves. After each measuring cycle
over 16 periods you can get 32 values.

9.2.4.1.7.9.15 :STATe? HUST?

SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]:STATe? /qonly/ |
:READ[:SCALar]:HARMonics[:VOLTage]:STATe? /qonly/
SHORT: HUST? /qonly/

ID: n/a Mode: CE-Harm
Type: long int Suffix:  1...8
Value:  0..2°-1 List: n/a

Unit: n/a Group: n/a

Reads the actual result of the voltage check

Bit 0: Set if the total voltage evaluation failed (=if any of the sub evaluation failed). Cleared
otherwise.

Bit 1: Set if any of the harmonics was > 100% of the allowed limit, cleared otherwise.

Bit 2: Set if the voltage amplitude was not within the limit, cleared otherwise.

Bit 3: Set if the frequency was not within the limit, cleared otherwise.

Bit 4: Set if the crest factor was not within the limit, cleared otherwise.

Bit 5: Set, if the peak value is not within 93°
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9.2.4.1.7.9.16 :THDistort? HUHD? Uthd
SCPI:  :FETCh[:SCALar]:HARMonics[:VOLTage]: THDistort? /qonly/ |
:READ[:SCALar]:HARMonics[:VOLTage]: THDistort? /qonly/
SHORT: HUHD? /gonly/
ID: Uthd Mode: CE-Harm, Flicker, HARM100
Type: float Suffix:  1...8/12
Value: in % List: n/a
Unit: n/a Group: n/a
Reads the THD of the voltage
9.2.4.1.8 :POWer
:CALCulate
:DISPlay
‘FETCh - [[SCALar] - :CURRent
:FORMat :CYCLe
INITiate :DINPut
[INPut :ENERgy
(INSTrument :FLICker
:MEMory :FREQuency
‘READ - :HARMonics
:SENSe ‘POWer - :AACTive
:SOURce :RESistance :AAPParent
:STATus :SSYStem [:ACTive]
:SYSTem ‘VARiable :APParent
‘TRIGger [:VOLTage] :AREactive
:FSCale
ICAPacity
:PFACtor
‘PHASe
:REACtive
9.2.4.1.8.1 :AACTive? PM? Pm
SCPI:  :FETCh[:SCALar]:POWer:AACTive? /qonly/ | :READ[:SCALar]:POWer:AACTive? /qonly/

SHORT: PM? /qonly/

ID: Pm
Type: float
Value: n/a
Unit: w

Mode:
Suffix:
List:

Group:

Normal
1...14
n/a

n/a

Reads the average active power of the energy measuring.

9.24.1.8.2

:AAPParent?

SM?

SCPI:

:FETCh[:SCALar]:POWer:AAPParent? /qonly/ |

:READ[:SCALar]:POWer:AAPParent? /qonly/

SHORT: SM? /gonly/

ID: Sm
Type: float
Value: n/a
Unit: VA

Mode:
Suffix:
List:

Group:
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Reads the average apparent power of the energy measuring.

9.2.4.1.8.3 [:ACTive]? pP? P

SCPI:  :FETCh[:SCALar]:POWer[:ACTive]? /qonly/ | :READ[:SCALar]:POWer[:ACTive]? /qonly/
SHORT: P? /qonly/

ID: P Mode: All
Type: float Suffix:  1...18
Value: n/a List: n/a
Unit: W Group: n/a

Reads the active power.

9.2.4.1.8.4 :APParent? S? S

SCPI:  :FETCh[:SCALar]:POWer:APParent? /qonly/ | :READ[:SCALar]:POWer:APParent? /qonly/
SHORT: S? /qonly/

ID: S Mode: All
Type: float Suffix:  1...18
Value: n/a List: n/a
Unit: VA Group: nla

Reads the apparent power.

9.2.4.1.8.5 :AREactive? QM? Qm

SCPI:  :FETCh[:SCALar]:POWer:AREactive? /qonly/ |
:READ[:SCALar]:POWer:AREactive? /gonly/
SHORT: QM? /qonly/

ID: Qm Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: var Group: nla

Reads the average reactive power of the energy measuring.

9.2.4.1.8.6 :FSCale? FSP?

SCPI:  :FETCh[:SCALar]:POWer:FSCale? /qonly/ | :READ[:SCALar]:POWer:FSCale? /qonly/
SHORT: FSP? /gonly/

ID: n/a Mode: All
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: W Group: n/a

Reads thdull scalevalue of the power
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9.2.4.1.8.7 :ICAPacity? INCA? Inca

SCPI:  :FETCh[:SCALar]:POWer:ICAPacity? /qonly/ | :READ[:SCALar]:POWer:ICAPacity? /qonly/
SHORT: INCA? /qonly/

ID: Inca Mode: Normal
Type: long int Suffix:  1..14
Value: -1,0, +1 List: n/a
Unit: n/a Group: n/a

Reads the status of the inca flag. It shows, if the system is inductive or capacitive
+1 inductive

0 undefined

-1 capacitive

9.2.4.1.8.8 :PFACtor? PF? PF

SCPI:  :FETCh[:SCALar]:POWer:PFACtor? /qonly/ | :READ[:SCALar]:POWer:PFACtor? /qonly/
SHORT: PF? /qonly/

ID: PF Mode: All

Type: float Suffix:  1...18

Value: n/a List: n/a

Unit: n/a Group: n/a

Reads the power factor.

9.2.4.1.8.9 :PHASe? PHI? PHI

SCPI:  :FETCh[:SCALar]:POWer:PHASe? /qonly/ | :READ[:SCALar]:POWer:PHASe? /qonly/
SHORT: PHI? /qonly/

ID: PHI Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: ° Group: n/a

Reads the phase angle in degree between current and voltage.

9.2.4.1.8.10 :REACtive? Q7 Q

SCPI:  :FETCh[:SCALar]:POWer:REACtive? /qonly/ | :READ[:SCALar]:POWer:REACtive? /qonly/
SHORT: Q? /qonly/

ID: Q Mode: All
Type: float Suffix:  1...18
Value: n/a List: n/a
Unit: var Group: nla

Reads the reactive power.
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9.2.4.1.9 :RESistance

:CALCulate

:DISPlay

‘FETCh - [[SCALar] - :CURRent

:FORMat :.CYCLe

:INITiate :DINPut

[INPut ‘ENERgy

INSTrument :FLICker

:MEMory :FREQuency

‘READ - :HARMonics

:SENSe :POWer

:SOURce :RESistance - :ASResist
:STATus :SSYStem :IMPedance
:SYSTem ‘VARIable :RSIMpedance
‘TRIGger [:VOLTage]

9.2.4.1.9.1 :ASResist? RSER? Rser

SCPI:  :FETCh[:SCALar]:RESistance:ASResist? /qonly/ |
:READ[:SCALar]:RESistance:ASResist? /qonly/
SHORT: RSER? /gonly/

ID: Rser Mode: Normal, CE-Harm, Flicker
Type: float Suffix:  1...14

Value: n/a List: n/a

Unit: Q Group: n/a

Reads the active serial resistance.

9.2.4.1.9.2 :IMPedance? Z? Z

SCPI: :FETCh[:SCALar]:RESistance:IMPedance? /gonly/ |
:READ[:SCALar]:RESistance:IMPedance? /qonly/
SHORT: Z? /qonly/

ID: Z Mode: Normal, CE-Harm, Flicker
Type: float Suffix:  1...14

Value: n/a List: n/a

Unit: Q Group: n/a

Reads thempedancdapparent resistance).

9.2.4.1.9.3 :RSIMpedance? XSER? Xser

SCPI: :FETCh[:SCALar]:RESistance:RSIMpedance? /qonly/ |
‘READ[:SCALar]:RESistance:RSIMpedance? /gonly/
SHORT: XSER? /gonly/

ID: Xser Mode: Normal, CE-Harm, Flicker
Type: float Suffix:  1...14

Value: n/a List: n/a

Unit: Q Group: n/a

Reads the reactive serial impedance.
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9.2.4.1.10 :SSYStem? RLS?

SCPI:  :FETCh[:SCALar]:SSYStem? /qonly/ [<NRi>] | :READ[:SCALar]:SSYStem? /qonly/ [<NRi>]
SHORT: RLS? /gonly/

ID: n/a Mode: Normal

Type: long int Suffix:  n/a

Value: -1,0, +1 List: n/a

Unit: n/a Group: optional [<NRi>], 0=A, 1=B, ...

Reads the supply system:

0 undefined system

+1 right rotating system (phase order 1, 2, 3)
-1 left rotating system (phase order 3, 2, 1)

9.2.4.1.11 :STATe? TSTA?

SCPI:  :FETCh[:SCALar]:TRANsient:STATe? /qonly/ | :READ[:SCALar]: TRANsient:STATe?
/qonly/
SHORT: TSTA? /qonly/

ID: n/a Mode: Normal
Type: long int Suffix:  n/a
Value: 0..2 List: n/a
Unit: n/a Group: n/a

Reads the state of the transient search:
0 off

1 Search

2 found, fetching posttrigger

3 Finish

9.2.4.1.12 :VARiable? VAR?

SCPI:  :FETCh[:SCALar]:VARiable? /gonly/ <list> | :READ[:SCALar]:VARiable? /qonly/ <list>
SHORT: VAR? /qonly/ <list>

ID: The name a user has defined. With Mode:  All
script ‘abc=Utrms*2;’ then ID would be
‘abc’
Type: float Suffix:  n/a
Value: n/a List: 0...11 for array element
Unit: n/a Group: n/a

Reads value of the user defined variablé®y are stored as an array.

9.2.4.1.13 :VNAMe? NVAR?

SCPI:  :FETCh[:SCALar]:VNAMe? /qonly/ <string program data> | :READ[:SCALar]:VNAMe?
/qonly/ <string program data>
SHORT: NVAR? /gonly/ <string program data>
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ID:

Type: float
Value: n/a
Unit: n/a

Reads the value of the user defimadablewhose name was sent as <string program data>.

Mode:
Suffix:
List:

Group:

All

n/a
n/a
n/a

Example: You have a variable ‘abc’. This can be read by NVAR? ,abc”.

9.2.4.1.14 [:VOLTage]

:CALCulate
:DISPlay
‘FETCh - [:SCALar] :CURRent
:FORMat :CYCLe
INITiate :DINPut
[INPut :ENERgy
(INSTrument :FLICker
:MEMory :FREQuency
‘READ - :HARMonics
:SENSe :POWer
:SOURce :RESistance
:STATus :SSYStem
:SYSTem ‘VARiable
‘TRIGger [[VOLTage] - :AC
:AINPut
:CFACtor
:DC
:FFACtor
INRush
‘MAXPk
:MINPk
:PPEak
:RECTify
‘RUSed
[[TRMS]
9.2.4.1.14.1 :AC? UAC? Uac
SCPI:  :FETCh[:SCALar][:VOLTage]:AC? /gonly/ | :READ[:SCALar][:VOLTage]:AC? /qonly/
SHORT: UAC? /qonly/
ID: Uac Mode: Normal, CE-Harm
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: \% Group: nla
Reads the AC value of the voltage
9.2.4.1.14.2 :AINPut? AIVA? Ain

SCPI:  :FETCh[:SCALar][:VOLTage]:AINPut? /qonly/ | :READ[:SCALar][:VOLTage]:AINPut? /gonly/

SHORT: AIVA? /qonly/

ID: Ain
Type: float
Value: n/a

Mode:
Suffix:
List:
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Unit: \% Group: nla
Reads the voltage of the analogue ingfuhe processing signal interface.
9.2.4.1.14.3 :CFACtor? UCF? Ucf
SCPI:  :FETCh[:SCALar][:VOLTage]:CFACtor? /qonly/ |
:READ[:SCALar][:VOLTage]:CFACtor? /qonly/
SHORT: UCF? /gonly/
ID: Ucf Mode:  Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: n/a Group: n/a
Reads the crest factor of the voltage
9.2.4.1.14.4 :DC? uDC? Udc

SCPI:
SHORT: UDC? /qonly/

:FETCh[:SCALar][:VOLTage]:DC? /qonly/ | :READ[:SCALar][:VOLTage]:DC? /gonly/

ID: Udc Mode: Normal, CE-Harm

Type: float Suffix:  1..14

Value: n/a List: n/a

Unit: Y Group: nla

Reads the DC value of the voltage

9.2.4.1.14.5 :FFACtor? UFF? Uff

SCPI:  :FETCh[:SCALar][:VOLTage]:FFACtor? /qonly/ |
:READ[:SCALar][:VOLTage]:FFACtor? /qonly/

SHORT: UFF? /gonly/

ID: Uff Mode:  Normal

Type: float Suffix:  1..14

Value: n/a List: n/a

Unit: n/a Group: n/a

Reads the form factor of the voltage

9.2.4.1.14.6 :FSCale? FSU?

SCPI:  :FETCh[:SCALar][:VOLTage]:FSCale? /qonly/ |
:READ[:SCALar][:VOLTage]:FSCale? /qonly/

SHORT: FSU? /qonly/

ID: n/a Mode:  All

Type: float Suffix:  1..14

Value: n/a List: n/a

Unit: \% Group: n/a
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Reads thdull scalevalue of the voltage

9.2.4.1.14.7 :MAXPK? UMAX? Upkp

SCPI:  :FETCh[:SCALar][:VOLTage]:MAXPK? /qonly/ |
:READ[:SCALar][:VOLTage]:MAXPk? /qonly/
SHORT: UMAX? /gonly/

ID: Upkp Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: \% Group: n/a

Reads the biggest sample valueéha voltage

9.2.4.1.14.8 :MINPK? UMIN? Upkn

SCPI:  :FETCh[:SCALar][:VOLTage]:MINPk? /gonly/ | :READ[:SCALar][:VOLTage]:MINPKk? /qonly/
SHORT: UMIN? /qonly/

ID: Upkn Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: \% Group: n/a

Reads themallest sample value tife voltage

9.2.4.1.14.9 :PHASe? UPHI? Uphi

SCPI:  :FETCh[:SCALar][:VOLTage]:PHASe? /qonly/ | :READ[:SCALar][:VOLTage]:MINPk? /qonly/
SHORT: UPHI? /qonly/

ID: n/a Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: ° Group: n/a

Reads the phase angle of the voltage like displayed in the Fresnel diagram

9.2.4.1.14.10 :PPEak? UpPP? Upp

SCPI:  :FETCh[:SCALar][:VOLTage]:PPEak? /qonly/ | :READ[:SCALar][:VOLTage]:PPEak? /qonly/
SHORT: UPP? /gonly/

ID: Upp Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: \% Group: nla

Reads the peak peak value of the voltage.
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9.2.4.1.14.11 :RECTify? UREC? Urect

SCPI:  :FETCh[:SCALar][:VOLTage]:RECTify? /qonly/ |
:READ[:SCALar][:VOLTage]:RECTify? /qonly/
SHORT: UREC? /qonly/

ID: Urect Mode: Normal
Type: float Suffix:  1..14
Value: n/a List: n/a
Unit: \% Group: n/a

Reads the rectified value of the voltage

9.2.4.1.14.12 :RUSed? OVRU? OvruU

SCPI:  :FETCh[:SCALar][:VOLTage]:RUSed? /gonly/ |
:READ[:SCALar][:VOLTage]:RUSed? /qonly/
SHORT: OVRU? /gonly/

ID: Ovru Mode: All
Type: float Suffix:  1..14
Value: in % List: n/a
Unit: n/a Group: n/a

Reads the usage of the ranggercent.

9.2.4.1.14.13 [[TRMS?] UTRMS? utrms

SCPI:  :FETCh[:SCALar][:VOLTage][: TRMS]? /qonly/ |
:READ[:SCALar][:VOLTage][: TRMS]? /qonly/
SHORT: UTRMS? /gonly/

ID: Utrms Mode: All
Type: float Suffix:  1...18
Value: n/a List: n/a
Unit: \% Group: n/a

Reads the TRMS value of the voltage

9.2.5 :FORMat commands

Here you can setup the output format.

:CALCulate
:DISPlay
:FETCh
:FORMat - :DATA
INITiate
[INPut
INSTrument
:MEMory
:READ
:SENSe
:SOURce
:STATus
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:SYSTem

‘TRIGger

9.2.5.1 :DATA FRMT

SCPI: :FORMat:DATA/nquery/ <NRi>

SHORT: FRMT/nquery/ <NRi>

ID: n/a Mode: All

Type: long int Suffix:  n/a

Value: 0,1 List: n/a

Unit: n/a Group: n/a

Defines thedata output format. Parameter is:

‘0’ or ‘ASCII’ for ASCII output [*RST default value]

‘1’ or ‘PACKED’ for a packed output.

In the packed output format the data are transmitted as ‘defined length arbitrary block
response data’. If the available buffer memory size is too small for the amount of data the

LMG wants to send, the data flow will be split in several sequential blocks of data. There are
three kinds of data in the blocks: ASCII data, long data (4 Byte) and float data (4 Byte). The
numeric data are transferred, so that the receiving PC program can store the data directly in
memory. The number 0x11223344 is arranged inside the block as 0x44 0x33 0x22 0x11. This
is the order Intel based computers store the number. So if you want to read the number you

can simply use a pointer to the input buffer and read the contents of the pointer.

The output changes after the end of the actual program message.

9.2.6 :INITiate commands

Here you can start or stop special actions.

:CALCulate
:DISPlay
:FETCh
:FORMat
INITiate -
[INPut
(INSTrument
:MEMory
:READ
:SENSe
:SOURCce
:STATus
:SYSTem
‘TRIGger

:CONTinuous
:.COPY
IMMediate

9.2.6.1 :CONTinuous CONT

SCPI: :INITiate:CONTinuous <NRi>
SHORT: CONT <NRi>
ID: n/a Mode:

189

All



Interfaces (IEEE option L50-O1) LMG500

Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

This activates or deactivates the continuous execution of the string defined with
‘TRIGger:ACTion or ACTN. The programmer should only use :FETCh commands, because
when CONT is switched to ‘ON’, automatically an :INITiate:IMMediate is executed at the end
of each cycle.

Parameter:
‘ON’ or ‘1’ activates this mode
‘OFF’ or ‘0’ deactivates this mode [*RST default value]

The standard defines, that instruments with sequential commands can only exit the ‘ON’ state
by the device clear command of the interface. This works also with this instrument. But
additionally you can exit the ‘ON’ state by setting it to ‘OFF’ with :INITiate:CONTinuouse or
CONT.

9.2.6.2 :COPY COPY

SCPI:  :INITiate:COPY/nquery/
SHORT: COPY/nquery/

ID: n/a Mode: All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

This forces an actualisation of the values to be read with the :FETCh commands. The copying
of the data is done immediately and not at the end of the measuring cycle (see also 9.2.6.3,
“IMMediate INIM).

9.2.6.3 :IMMediate INIM

SCPI:  :INITiate:IMMediate/nquery/

SHORT: INIM/nquery/

ID: n/a Mode: All
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

This forces an actualisation of the values to be read with the :FETCh commands. In general the
instrument measures continuous. After each cycle the measured values are copied into the
display memory. The values read by the :FETCh commands are taken from another copy of the
values. This copy is updated, whenever the :INITiate:IMMediate or INIM command is

executed. By this it is sure, that all values read with sequential :FETCh commands are from
one measuring cycle and belong together.
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Please note, that the execution of this command lasts until the end of the cycle. This can take
up to one complete cycle. Please keep this in mind when setting any time-out for expecting the
answer of a following command.

Please take care to follow this rules:
1. Use just one INIM in one command string to the instrument.
2. Send a second INIM just when the request of the first INIM is answered.

9.2.7 :INPut commands

:CALCulate
:DISPlay
:FETCh
:FORMat
:INITiate
(INPut - :COUPIing
(INSTrument
:MEMory
:READ
:SENSe
:SOURCce
:STATus
:SYSTem
‘TRIGger

9.2.7.1 :COUPIing SCPL

SCPI:  :INPut:COUPIing <NRi>[,<NRi>]
SHORT: SCPL <NRi>[,<NRi>]

ID: n/a Mode: Normal, HARM100

Type: long int Suffix:  n/a

Value: 0,1 List: n/a

Unit: n/a Group: optional [,<NRi>]; 0=A, 1=B

Sets or queries the setting of gignal coupling. Allowed values are:

‘0’ or ‘ACDC’ for AC+DC coupling [*RST default value]
‘1’ for AC coupling

9.2.8 :INSTrument commands

Here general set-ups of the instrument are done.

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

INSTrument - :SELect
:MEMory

:READ
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:SENSe

:SOURCce

:STATus

:SYSTem

‘TRIGger

9.2.8.1 :SElect MODE

SCPI: INSTrument:SELect <NRi>

SHORT: MODE <NRi>

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value: 0...3 List: n/a
Unit: n/a Group: n/a

Sets or reads thmeasuring mode:

‘0’ or ‘NORML'’ for normal measuring mode [*RST default value]
‘1’ or ‘CEHRM’ for CE harmonic measuring mode
‘2" or ‘CEFLK’ for CE flicker measuring mode

‘3 or ‘HRMHUN'’ for 100 harmonics measuring mode

Hint

The execution of this command can take up to few seconds. The LMG works internally with a
watchdog protection. To prevent that the watchdog becomes active, the ‘MODE’ command
should be send as the only command in a message. Just the *OPC?’ can be added to get a

feedback, if the command has finished (‘MODE x;*OPC?").

9.2.9

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

(INSTrument

‘MEMory - ‘FREeze
:READ :SSlZe
:SENSe

:SOURCce

:STATus

:SYSTem

‘TRIGger

:MEMory commands

9.2.9.1 :FREeze

FRZ

SCPI: :MEMory:FREeze <NRi>
SHORT: FRZ <NRi>

ID: n/a
Type: long int
Value: 0,1

Mode:
Suffix:
List:
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Unit: n/a Group: n/a

Freezes the scope RANIhe scope has too much memory so it can’t be copied each cycle into
a separate buffer. For this reason you should set FRZ to ON when you want to readout the
sample values of the scope. Parameter:

‘ON’ or ‘1’ activates the freeze mode

‘OFF’ or ‘0’ deactivates the freeze mode [*RST default value]

9.2.9.2 :SSlIZe GMEM

SCPIl:  :MEMory:SSlZe? /qonly/
SHORT: GMEM? /qonly/

ID: n/a Mode:  All
Type: longint Suffix:  n/a
Value: 0,27 2% 2% List: n/a
Unit: n/a Group: n/a

Reads thaize of the sample value memanynumber of sample values.

9.2.10 :SENSe commands

9.2.10.1 :AINPut

:CALCulate
:DISPlay
:FETCh
:FORMat
INITiate
[INPut
INSTrument
:MEMory
:READ
:SENSe - ‘AINPut - :FSCale
:SOURce :ARON :ZERO
:STATus :AVERage
:SYSTem :CURRent
‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
:INTegral
:SWEep
:TRANSsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject
9.2.10.1.1 :DIFFerential AIDI

SCPI: :SENSe:AINPut:DIFFerential <NRi>
SHORT: AIDI <NRi>

ID: n/a Mode: All
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Type: long int Suffix:  n/a
Value: 0, 1[*RST default value] = 1 List: n/a
Unit: n/a Group: n/a

Sets or queries if the analogue inputsk as 8single endeadr as 4 differentiahputs.

0: Differential inputs
1: Single ended inputs, [*RST default value]

9.2.10.1.2 :FSCale AlHI

SCPI: :SENSe:AINPut:FSCale <NRf>
SHORT: AIHI <NRf>

ID: n/a Mode:  All
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 10 List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of ta# scale ofthe analogue inputs

9.2.10.1.3 :ZERO AILO

SCPI: :SENSe:AINPut:ZERO <NRf>
SHORT: AILO <NRf>

ID: n/a Mode: All
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 0 List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of the zero position of the analogue. inputs

9.2.10.2 :ARON ARON

SCPI:  :SENSe:ARON <NRi>[,<NRi>]
SHORT: ARON <NRi>[,<NRi>]

ID: n/a Mode: Normal
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Sets or queries if the aron circuit should be used. Following values are allowed:

0: No aron circuit is used

1: Aron circuit is used, [*RST default value]

The optional [,<NRi>] specifies, if the master instrument (=0, default) or slave instrument (=1)
should be setup. In a big, combined instrument, the channels 1-4 are master instrument
channels, the channels 5-8 are slave instrument channels. This is, because such instruments are
internally build up as a master-slave system.
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9.2.10.3 :AVERage
:CALCulate
:DISPlay
:FETCh
:FORMat
:INITiate
(INPut
(INSTrument
:MEMory
:READ
:SENSe - :AINPut
:SOURce :ARON
:STATus ‘AVERage - :COUNt
:SYSTem :CURRent
‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
:INTegral
:SWEep
:TRANsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject
9.2.10.3.1 :COUNt AVER Aver
SCPI: :SENSe:AVERage:COUNt <NRf>
SHORT: AVER <NRf>
ID: Aver Mode: Normal
Type: float Suffix:  n/a
Value: 1...999, [*RST default value] = 1 List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of the average parameter.

9.2.10.4 :CURRent

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe - :AINPut

:SOURCce :ARON

:STATus :AVERage

:SYSTem :CURRent -

‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
:INTegral
:SWEep

:DETector
:IDENify
‘RANGe
:SCALe
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:TRANsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject

9.2.10.4.1 :DELay IDLY

SCPI:  :SENSe:CURRent:DELay <NRi>
SHORT: IDLY <NRi>

ID: n/a Mode:
Type: long int Suffix:
Value: -2666...+2666, [*RST default value] = 0 List:

Unit: ns Group:

All
1..8
n/a
n/a

Reads and sets tkdelay ofthe current inpuin ns. Positive values symbolize a delay, negative

values a negative delay!

Example: You have a current sensor with a group delay of +100ns. If you want to correct this
group delay, you have to set the current delay to -100ns.

9.2.10.4.2 :DETector IEXT

SCPI: :SENSe:CURRent:DETector <NRi>
SHORT: IEXT <NRi>

ID: n/a Mode:
Type: long int Suffix:
Value: 0...2 List:

Unit: n/a Group:

Reads and seisternal or externashunt input

All
1..8
n/a
n/a

‘0’ or ‘INT’ for internal shunt at I* jack (current input) [*RST default value]
‘1’ or ‘EXT’ for external shunt input (voltage input, sensor input)

‘2’ for for internal shunt atd: jack (current input)

9.2.10.4.3 :IDENtify? IDNI?

SCPI:  :SENSe:CURRent:IDENtify? /gonly/
SHORT: IDNI? /gonly/

ID: n/a Mode:
Type: string Suffix:
Value: n/a List:

Unit: n/a Group:

Reads the type of the external current sensor

9.2.10.4.4 :RANGe

:CALCulate
:DISPlay
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:FETCh
:FORMat
:INITiate
[INPut
(INSTrument
:MEMory
:READ
:SENSe - :AINPut
:SOURCce :ARON
:STATus :AVERage
:SYSTem :CURRent - :DETector
‘TRIGger :FILTer ‘RANGe - :AUTO
:FINPut :SCALe :LINTern
:FLICker [:UPPer]
:HARMonics
INTegral
:SWEep
:TRANSsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject
9.2.10.4.4.1 :AUTO IAM

SCPI: :SENSe:CURRent:RANGe:AUTO <NRi>
SHORT: IAM <NRi>

ID: n/a Mode: All
Type: long int Suffix:  1...8
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Reads and sets the status of the autorange function:
‘0’ or ‘MANUAL'’ for manual range selection
‘1’ or ‘AUTO’ for automatic range selection [*RST default value]

9.2.10.4.4.2 :LINTern? ILS?

SCPI:  :SENSe:CURRent:RANGe:LINTern?/gonly/
SHORT: IlILS/gonly/

ID: n/a Mode:  All
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: A Group: n/a

Reads a list with the available ranges. You get several numbers which are separated by colons
‘,". The first number defines the number of following numbers. If you have selected external
sensors, you get the list of their ranges.

9.2.10.4.4.3 [:UPPer] IRNG Rngl

SCPI:  :SENSe:CURRent:RANGe[:UPPer] <NRf>
SHORT: IRNG <NRf>
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ID: Rngl Mode:
Type: float Suffix:
Value: n/a List:

Unit: A Group:

All
1...8
n/a
n/a

Reads and sets the range for the cumsgdsurement. The parameter is the nominal value of

the range.

9.2.10.4.5 :SCALe ISCA Iscal
SCPIl:  :SENSe:CURRent:SCALe <NRf>
SHORT: ISCA <NRf>
ID: Iscal Mode: All
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 1.0 List: n/a
Unit: n/a Group: n/a
Reads and sets tlealing ofthe current range
9.2.10.5 :FILTer
9.2.10.5.1 :AFlLter FAAF
SCPIl:  :SENSe:FILTer:AFILter <NRi>[,<NRi>]
SHORT: FAAF <NRi>[,<NRi>]
ID: n/a Mode: HARM100
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: optional [,<NRi>]; 0=A, 1=B, ...
Reads and sets thaati-aliasing-filtersettings:
0: Anti aliasing filter manual setable (via FILT)
1: Anti aliasing filter selection automaticaly [*RST default value]
9.2.10.5.2 [(LPASS]
:CALCulate
:DISPlay
:FETCh
:FORMat
INITiate
[INPut
INSTrument
:MEMory
:READ
:SENSe - :AINPut
:SOURce :ARON
:STATus :AVERage
:SYSTem :CURRent
‘TRIGger FILTer - [[LPASs] - [:STATe]
:FINPut

198



Z E S ZIMMER Electronic Systems GmbH

Chapter 9

:FLICker
:HARMonics
INTegral
:SWEep
:TRANsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject

9.2.10.5.2.1 [:STATe]

FILT

SCPI:  :SENSe:FILTer[:LPASS][:STATe] <NRi>[,<NRi>]

SHORT: FILT <NRi>[,<NRi>]

ID: n/a
Type: long int
Value: n/a
Unit: n/a

Reads and sets tffiter settings:

0: Filter off [*RST default value]
1: Low pass 270kHz
2: Low pass 150kHz
3: Low pass 138kHz
4. Low pass 90kHz
5: Low pass 42kHz
6: Low pass 30kHz
7 Low pass 21kHz
9: Low pass 11kHz
10: Low pass 10kHz
11: Low pass 9.2kHz
12: Low pass 6kHz
14. Low pass 2.8kHz
16: Low pass 2kHz
17: Low pass 1.4kHz
20: Low pass 700Hz
22: Low pass 350Hz
23: Low pass 175Hz
24. Low pass 87.5Hz
25: Low pass 60Hz
26: Low pass 30Hz

9.2.10.6 :FINPut

:CALCulate
:DISPlay
:FETCh
:FORMat
:INITiate

Mode:
Suffix:
List:
Group:
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(INPut
(INSTrument
:MEMory
:READ
:SENSe - :AINPut
:SOURce :ARON
:STATus :AVERage
:SYSTem :CURRent
‘TRIGger FILTer
‘FINPut - :SCALe
:FLICker
:HARMonics
INTegral
:SWEep
:TRANsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject
9.2.10.6.1 :SCALe DIFS
SCPI: :SENSe:FINPut:SCALe <NRf>
SHORT: DIFS <NRf>
ID: n/a Mode:  All
Type: float Suffix: 1,2
Value: n/a, [*RST default value] is 1.0 List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of swale ofthefrequencyinput.

9.2.10.7 :FLICker

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe - :AINPut

:SOURCce :ARON

:STATus :AVERage

:SYSTem :CURRent

‘TRIGger FILTer
:FINPut
:FLICker - :PERIiods
:HARMonics :STIMe
:INTegral
:SWEep
:TRANSsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject
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9.2.10.7.1 :PERIiods FLPS FlkPer
SCPIl:  :SENSe:FLICker:PERiods <NRf>

SHORT: FLPS <NRf>

ID: FlkPer Mode: Flicker

Type: float Suffix:  n/a

Value: n/a, [*RST default value] = 12 List: n/a

Unit: n/a Group: n/a

Reads and sets the number of period$liftdker measuring.

9.2.10.7.2 :STIMe FTIM
SCPI:  :SENSe:FLICker:STIMe <NRi>
SHORT: FTIM <NRi>
ID: n/a Mode: Flicker
Type: long int Suffix:  n/a
Value: n/a, [*RST default value] = 600 List: n/a
Unit: S Group: nla
Reads and sets the short term flicker meastirnmg
9.2.10.8 :HARMonics
:CALCulate
:DISPlay
:FETCh
:FORMat
INITiate
[INPut
(INSTrument
:MEMory
:READ
:SENSe - :AINPut
:SOURce :ARON
:STATus :AVERage
:SYSTem :CURRent
‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics - :FDIV
:INTegral :REFerence
:SWEep :SMOoth
:TRANSsient ‘TIME
'VOLTage
‘WAVeform
‘WIRing
:ZPReject
9.2.10.8.1 :FDIV FDIV
SCPIl:  :SENSe:HARMonics:FDIV <NRf>[,<NRi>]
SHORT: FDIV <NRf>[,<NRi>]
ID: n/a Mode: HARM100
Type: float Suffix:  n/a
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Value: 1...50, [*RST default value] = 1 List: n/a
Unit: n/a Group: optional [,<NRi>]; 0=A, 1=B, ...

Reads and sets the frequency divider ratio.

9.2.10.8.2 :ISTart HNRZ

SCPIl:  :SENSe:HARMonics:ISTart <NRi>[,<NRi>]
SHORT: HNRZ <NRi>[,<NRi>]

ID: n/a Mode: CE-Harm

Type: long int Suffix:  n/a

Value:  0...1000 List: n/a

Unit: n/a Group: optional [,<NRi>]; 0=A, 1=B, ...

Reads and sets the number of the interharmonic wheaadhygsis rangef the interharmonics
starts.

9.2.10.8.3 :REFerence HREF

SCPIl:  :SENSe:HARMonics:REFerence <NRi>[,<NRi>]
SHORT: HREF <NRi>[,<NRi>]

ID: n/a Mode: HARM100

Type: long int Suffix:  n/a

Value: 0,1,20 List: n/a

Unit: n/a Group: optional [,<NRi>]; 0=A, 1=B, ...

Reads and sets the state of the phase reference for the harmonics and the Fresnel diagram. That
defines if the basic wave of U, | or the synchronisation source is set to 0° as reference for the
system:

‘o for U as reference [*RST default value]

‘1 for | as reference

‘20" for none (=synchronisation source) as reference

9.2.10.8.4 :SMOoth SMOO

SCPI: :SENSe:HARMonics:SMOoth <NRi>
SHORT: SMOO <NRi>

ID: n/a Mode: CE-Harm
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Reads and sets the state of the smoothing:
‘0’ or ‘OFF’ for direct measuring [*RST default value]
‘1’ or ‘ON’ for smoothed measuring
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9.2.10.8.5 TIME HTIM

SCPI: :SENSe:HARMonics: TIME <NRi>
SHORT: HTIM <NRi>

ID: n/a Mode: CE-Harm
Type: long int Suffix:  n/a
Value: n/a, [*RST default value] = 150 List: n/a
Unit: S Group: n/a

Reads and sets the harmonics measuring time.

9.2.10.9 :INTegral

:CALCulate

:DISPlay

:FETCh

:FORMat

INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe - :AINPut

:SOURce :ARON

:STATus :AVERage

:SYSTem :CURRent

‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
INTegral - :DATE
:SWEep INTerval
:TRANSsient :MODE
'VOLTage :STATe
‘WAVeform ‘TIME
‘WIRing
:ZPReject

9.2.10.9.1 :DATE INTD

SCPIl:  :SENSe:INTegral:DATE <NRf> <NRf><NRf>
SHORT: INTD <NRf>,<NRf>,<NRf>

ID: n/a Mode: Normal
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads and sets the start date foerm@rgy measuremeriExample: INTD 2003,02,09 sets the
date to the 9 February, 2003.

9.2.10.9.2 :INTerval INTI

SCPIl:  :SENSe:INTegral:INTerval <NRi>
SHORT: INTI <NRi>
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ID: n/a
Type: long int
Value: n/a
Unit: S

Mode:
Suffix:
List:

Group:

Normal
n/a
n/a
n/a

Reads and sets thime intervalfor an energy measurement

9.2.10.9.3 :MODE INTM

SCPIl:  :SENSe:INTegral:MODE <NRi>

SHORT: INTM <NRi>

ID: n/a Mode: Normal
Type: long int Suffix:  n/a
Value: 0..4 List: n/a
Unit: n/a Group: n/a
Reads and sets the integration mode:

O=off [*RST default value]

1=continuous

2=interval

3=periodic

4=summing

9.2.10.9.4 :STATe? INTS?

SCPIl:  :SENSe:INTegral:STATe? /qonly/

SHORT: INTS? /qonly/

ID: n/a Mode: Normal
Type: long int Suffix:  n/a
Value: 0...5 List: n/a
Unit: n/a Group: n/a
Reads the state of te@mergymeasurement:

O=Reset

1=Wait

2=Start

3=Run

4=Stop

5=Hold

9.2.10.9.5 :TIME INTT

SCPIl:  :SENSe:INTegral:TIME <NRf> <NRf>,<NRf>
SHORT: INTT <NRf>,<NRf>,<NRf>

ID: n/a Mode: Normal
Type: n/a Suffix:  n/a
Value: n/a List: n/a
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Unit: n/a Group: n/a

Reads and sets the start time for an energy measurdimantple: INTT 19,26,49 sets the
time to 19:26:49.

9.2.10.10 :RPValues RPHV

SCPI: :SENSe:RPValues <NRi>
SHORT: RPHV <NRi>

ID: n/a Mode:  All
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

By this you can deactivate the rejection of phantom values:

0: Phantom values are displayed
1: Phantom values are not displayed [*RST default value]

9.2.10.11 :SWEep

:CALCulate

:DISPlay

:FETCh

:FORMat

INITiate

[INPut

INSTrument

:MEMory

:READ

:SENSe - :AINPut

:SOURce :ARON

:STATus :AVERage

:SYSTem :CURRent

‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
:INTegral
:SWEep - ‘TIME
:TRANSsient
'VOLTage
‘WAVeform
‘WIRing
:ZPReject

9.2.10.11.1 :TIME CYCL Cycle

SCPIl:  :SENSe:SWEep:TIME <NRf>
SHORT: CYCL <NRf>

ID: Cycle Mode: Normal
Type: float Suffix:  n/a
Value: 0, 0.05...60, [*RST default value] = 0.5 List: n/a
Unit: S Group: n/a
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Reads and sets tlogcle time.

9.2.10.12 :TRANSsient

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

(INPut

(INSTrument

:MEMory

:READ

:SENSe - :AINPut

:SOURce :ARON

:STATus :AVERage

:SYSTem :CURRent

‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
INTegral
:SWEep
‘TRANsient - :ACRegister
'VOLTage :LIMita
‘WAVeform :LIMitb
‘WIRing :DURation
:ZPReject :OCRegister

‘RTIMe
:SIGNal
9.2.10.12.1 :ACRegqister TACR

SCPI:  :SENSe:TRANsient:ACRegister <NRi>
SHORT: TACR <NRi>

ID: n/a Mode:
Type: long int Suffix:
Value: 0,1 List:

Unit: n/a Group:

Reads and sets the AND Condition:

Normal
1..8
n/a

n/a

0: No AND condition for this Trigger-Event [*RST default value]

1 AND condition for this Trigger-Event

9.2.10.12.2 :ALIMit TLIA

SCPI:  :SENSe:TRANSsient:ALIMit <NRf>
SHORT: TLIA <NRf>

ID: n/a Mode:
Type: float Suffix:
Value:  +1e9, [*RST default value] = 0 List:

Unit: n/a Group:
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Reads and sets thmwver limit.

9.2.10.12.3 :BLIMit TLIB

SCPI: :SENSe:TRANsient:BLIMit <NRf>

SHORT: TLIB <NRf>

ID: n/a Mode: Normal
Type: float Suffix:  1...8
Value:  +1e9, [*RST default value] = 0 List: n/a
Unit: n/a Group: n/a
Reads and sets thipper limit.

9.2.10.12.4 :FUNCtion TFUN

SCPI: :SENSe:TRANSsient:FUNCtion <NRi>

SHORT: TFUN <NRi>

ID: n/a Mode: Normal
Type: long int Suffix:  1...8
Value: 0...3 List: n/a
Unit: n/a Group: n/a

Reads and sets the functiontioé trigger events

< lower limit [*RST default value]
> upper limit

Window out (which is < lower limit or > upper limit)
Window in (which is > lower limit and < upper limit)

9.2.10.12.5 :DURation

TDUR

SCPIl:  :SENSe:TRANsient:DURation <NRf>

SHORT: TDUR <NRf>

ID: n/a Mode: Normal
Type: float ~ Suffix: 1.8
Value:  1*10°...9.9, [*RST default value]=1*10° List: n/a
Unit: S Group: n/a
Reads and sets the duration of the event.

9.2.10.12.6 :OCRegister TOCR

SCPI:  :SENSe:TRANsient:OCRegister <NRi>

SHORT: TOCR <NRi>

ID: n/a Mode: Normal
Type: long int Suffix:  1...8
Value: 0, 1; [*RST default value] = 0 List: n/a
Unit: n/a Group: n/a
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Reads and sets the OR Condition:
0: No OR condition for this Trigger-Event [*RST default value]
1 OR condition for this Trigger-Event

9.2.10.12.7 :SIGNal TSRC

SCPI: :SENSe:TRANSsient:SIGNal <NRi>
SHORT: TSRC <NRi>

ID: n/a Mode: Normal
Type: long int Suffix:  1...8
Value: see below List: n/a
Unit: n/a Group: n/a

Reads and sets the trigger signal source:

Channels 1to 4 Channels 5 to

8
ul: 100 ub: 104
u2: 101 u6: 105
u3: 102 uvz: 106
u4: 103 us: 107
uo: 110 ul2: 113
ulo: 111 ul3: 114
ull: 112 uld: 115
i1 200 i5: 204
i2: 201 i6: 205
i3: 202 i7: 206
i4: 203 18: 207
i9: 210 i12: 213
i10: 211 113: 214
i11: 212 i14: 215
pl: 300 p5: 304
p2: 301 p6: 305
p3: 302 p7: 306
p4: 303 p8: 307
p9: 310 pl2: 313
pl10: 311 pl3: 314
pll: 312 pl4: 315
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9.2.10.13 :VOLTage

9.2.10.13.1 :DELay UDLY

SCPIl:  :SENSe:VOLTage:DELay <NRi>
SHORT: UDLY <NRi>

ID: n/a Mode: All
Type: long int Suffix:  1...8
Value:  -2666...+2666, [*RST default value] =0 List: n/a
Unit: ns Group: nla

Reads and sets tlelay ofthe voltage inpuin ns. Positive values symbolize a delay, negative
values a negative delay!

Example: You have a voltage sensor with a group delay of +150ns. If you want to correct this
group delay, you have to set the voltage delay to -150ns.

9.2.10.13.2 :DETector UEXT

SCPIl:  :SENSe:VOLTage:DETector <NRi>
SHORT: UEXT <NRi>

ID: n/a Mode: All
Type: long int Suffix:  1...8
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Reads and sets the jack for the voltage input:
‘0’ or 'INT’ for voltage at U* jack [*RST default value]
‘1’ or ‘EXT’ for voltage at Usensor(SENSOr INput)

9.2.10.13.3 :IDENtify IDNU

SCPIl:  :SENSe:VOLTage:IDENtify? /qonly/
SHORT: IDNU? /gonly/

ID: n/a Mode: All
Type: string Suffix:  1...8
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the type of an external voltage sendoe LMG will always return ,No sensor input®.

9.2.10.13.4 :RANGe

:CALCulate
:DISPlay
:FETCh
:FORMat
INITiate
[INPut
INSTrument
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:MEMory
:READ
:SENSe - :AINPut
:SOURce :ARON
:STATus :AVERage
:SYSTem :CURRent
‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
INTegral
:SWEep
:TRANsient
'VOLTage - ‘RANGe - :AUTO
‘WAVeform :SCALe :LINTern
‘WIRing [:UPPer]
:ZPReject
9.2.10.13.4.1 :AUTO UAM

SCPI:  :SENSe:VOLTage:RANGe:AUTO <NRi>
SHORT: UAM <NRi>

ID: n/a Mode: All
Type: long int Suffix:  1...8
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Reads and sets the status of the autorange function:
‘0’ or ‘MANUAL’ for manual range selection.
‘1’ or ‘AUTO'’ for automatic range selection [*RST default value].

9.2.10.13.4.2 :LINTern? UILS?

SCPI: :SENSe:VOLTage:RANGe:LINTern?/qonly/
SHORT: UILS?/qonly/

ID: n/a Mode:  All
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: \% Group: n/a

Reads a list with the available ranges. You get several float numbers which are separated by
colons ;. The first number defines the number of following numbers.

9.2.10.13.4.3 [UPPer] URNG RngU

SCPI: :SENSe:VOLTage:RANGe[:UPPer] <NRf>
SHORT: URNG <NRf>

ID: RngU Mode: All
Type: float Suffix:  1...8
Value: n/a List: n/a
Unit: \% Group: n/a
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Reads and sets the range for the voltagasurement. The parameter is the nominal value of
the range.

9.2.10.13.5 :SCALe USCA Uscal

SCPIl:  :SENSe:VOLTage:SCALe <NRf>
SHORT: USCA <NRf>

ID: Uscal Mode: All
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 1 List: n/a
Unit: n/a Group: n/a

Reads and sets tealing ofthe voltage range

9.2.10.14 :WAVeform

:CALCulate
:DISPlay
:FETCh
:FORMat
INITiate
[INPut
(INSTrument
:MEMory
:READ
:SENSe - :AINPut
:SOURce :ARON
:STATus :AVERage
:SYSTem :CURRent
‘TRIGger FILTer
:FINPut
:FLICker
:HARMonics
:INTegral
:SWEep
:TRANSsient
'VOLTage
‘WAVeform - :CYCLes
‘WIRing :IUPDate
:ZPReject :SATRIigger
:SBTRigger
:SCTRigger
:SRATe
‘WAVE
9.2.10.14.1 :DIVision GBAS

SCPI: :SENSe:WAVeform:DIVision <NRf>
SHORT: GBAS <NRf>

ID: n/a Mode: Normal
Type: float Suffix:  n/a
Value: 10e-6...1 List: n/a
Unit: S Group: n/a
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Reads or sets the timebase of the scope display (1-2-5 division). By this the record rate will be
changed (requestable via GFRQ command). The smalles possible timebase depends on the
following circumstances:

- cycle time

- chosen filter

- number of channels.

See also 11.1.3, ‘Hints for setting up the record rate of the scope’

9.2.10.14.2 :IUPDate SACT

SCPIl:  :SENSe:WAVeform:lUPDate/nquery/ [<NRi>]
SHORT: SACT/nquery/ [<NRi>]

ID: n/a Mode: All
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: optional [<NRi>], 0=A, 1=B, ...

Requests to update the the information about the scope data. Before this command you should
set “MEMory:FREeze ON’. After this command you can use SENS:WAV:SATR’,
“SENS:WAV:SBTR’ and :SENS:WAV:SCTT'. This command itself doesn’t return any

values!

9.2.10.14.3 :SATRigger? SATR?

SCPIl:  :SENSe:WAVeform:SATRigger? /qonly/ [<NRi>]
SHORT: SATR? /gonly/ [<NRi>]

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: optional [<NRi>], 0=A, 1=B, ...

Reads how many sample values are availaiée the triggerevent. See also
“SENS:WAV:IUPD’ for further information.

9.2.10.14.4 :SBTRigger? SBTR?

SCPIl:  :SENSe:WAVeform:SBTRigger? /qonly/ [<NRi>]
SHORT: SBTR? /gonly/ [<NRi>]

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: optional [<NRi>], 0=A, 1=B, ...

Reads how many sample values are available b#fergiggerevent. See also
“SENS:WAV:IUPD’ for further information.
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9.2.10.14.5 :SCTRigger? SCTT?

SCPIl:  :SENSe:WAVeform:SCTRigger? /qonly/
SHORT: SCTT? /gonly/

ID: n/a Mode:
Type: long int Suffix:
Value:  0..2°%-1 List:
Unit: n/a Group:

All

n/a
n/a
n/a

Reads th@umber ofthe samplevalue at the triggeiSee also SENS:WAV:IUPD’ for further
information. The sample values of the instrument are counted. At the end of each cycle this
counter is stored and can be read by this command. The counter runs'p an@ starts

then again at 0. See also 9.2.4.1.2.2, “SNUMber? SCTC?

You always get the value of group A.

9.2.10.14.6 :SRATe? GFRQ?

SCPIl:  :SENSe:WAVeform:SRATe? [<NRi>]/qonly/

SHORT: GFRQ? [<NRi>]/qonly/

ID: n/a Mode:  All

Type: float Suffix:  n/a

Value: n/a List: n/a

Unit: n/a Group: optional [<NRi>], 0=A, 1=B, ...
Reads the record ratethie sampled values.

9.2.10.14.7 :WAVE? WAVE?

SCPIl:  :SENSe:WAVeform:WAVE? /qonly/ <NRi> <list>
SHORT: WAVE? /qonly/ <NRi> <list>

ID: n/a Mode:
Type: float Suffix:
Value: n/a List:
Unit: n/a Group:

All

1...14

see below
n/a

Before using this command you should freeze the memory with :MEMory:FREeze, to avoid
data losses at long transfer duration. Readsample values specified with <NRi>:

4. i
5: u
6: p

The first allowed value in <list> is the value read by :SENSe:WAVeform:SBTRigger?, the last
allowed value that read by :SENSe:WAVeform:SATRigger?

9.2.10.15 :WIRing WIRE

SCPI:  :SENSe:WIRing <NRi>[,<NRi>]
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SHORT: WIRE <NRi>[,<NRi>]

ID: n/a Mode: Normal, HARM100
Type: long int Suffix:  n/a
Value: 0..5,8...15 List: n/a
Unit: n/a Group: n/a

Sets or queries theiring of the LMG. Following values are allowed (3 to 7 only with option
L45-06 star to delta conversion!):

0: Wiring ‘4+0’

1: Wiring ‘3+1’ [*RST default value with 4 installed channels]
2: Wiring ‘2+2’

3: Wiring ‘3+1, U*I*->UAIA’

4. Wiring ‘3+1, UAI*->U AIA

5: Wiring ‘3+1, UAI*->U*|*

6, 7: notused

8: Wiring ‘1+0’ [*RST default value with 1 installed channel]
9: Wiring ‘2+0’

10:  Wiring ‘1+1’ [*RST default value with 2 installed channels]
11:  Wiring ‘3+0’ [*RST default value with 3 installed channels]
12:  Wiring ‘3+0, U*I*->UAIA'

13:  Wiring ‘3+0, WAI*->U AIA!

14:  Wiring ‘3+0, LAI*->U*|**

15:  Wiring '2+1’

The optional [,<NRi>] specifies, if the master instrument (=0, default) or slave instrument (=1)
should be setup. If you request the wiring from the slave but there is no slave connected, the
answer will be -1.

In a big, combined instrument, the channels 1-4 are master instrument channels, the channels 5-
8 are slave instrument channels. This is, because such instruments are internally build up as a
master-slave system.

9.2.10.16 :ZPReject ZSUP

SCPIl:  :SENSe:ZPReject <NRi>
SHORT: ZSUP <NRi>

ID: n/a Mode: Normal
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

By this you can deactivate the zero point rejection. It is a long number with following meaning:
0: Zero point rejection is switched off
1: Zero point rejection is switched on [*RST default value]
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9.2.11 :SOURce commands

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe

:SOURce - :DIGital
:STATus 'VOLTage
:SYSTem

‘TRIGger

9.2.11.1 :DIGital

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe

:SOURce - DIGital - :CONDition
:STATus :'VOLTage :LIMit
:SYSTem :VALue
‘TRIGger

9.2.11.1.1 :CONDition DOCO

SCPI: :SOURCce:DIGital: CONDition <NRi>
SHORT: DOCO <NRi>

ID: n/a Mode:
Type: long int Suffix:
Value: 0...3 List:

Unit: n/a Group:

Sets or queries the condition of the digital outpBtsssible parameters are:

0: off [*RST default value]

All
1..8
n/a
n/a

1: on

2: >=

3: <

9.2.11.1.2 :LIMit DOLI

SCPI: :SOURce:DIGital:LIMit <NRf>
SHORT: DOLI <NRf>

ID: n/a Mode:
Type: float Suffix:
Value: n/a, [*RST default value] = 0 List:
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Unit: n/a Group: n/a

Sets or queries the setting of timeits of the digital outputs

9.2.11.1.3 :VALue DOIX

SCPIl:  :SOURce:DIGital:VALue <string>
SHORT: DOIX <string>

ID: n/a Mode:  All
Type: string Suffix:  1...8
Value: n/a, [*RST default value] = ‘Utrms’ List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of tredue ofthe digital outputsAs <string> you have to enter the
same string as you would enter when using the instrument without interface. So you have to
sent a valid ID!

9.2.11.2 :VOLTage

9.2.11.2.1 :SCALe

:CALCulate

:DISPlay

:FETCh

:FORMat

INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe

:SOURce - :DIGital

:STATus ‘VOLTage - ‘SCALe - :FSCale
:SYSTem ‘VALue :ZERO
‘TRIGger

9.2.11.2.1.1 :FSCale AOHI

SCPIl:  :SOURce:VOLTage:SCALe:FSCale <NRf>
SHORT: AOHI <NRf>

ID: n/a Mode:  All
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 10 List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of ta# scale ofthe analogue outputs

9.2.11.2.1.2 :ZERO AOLO

SCPIl:  :SOURce:VOLTage:SCALe:ZERO <NRf>
SHORT: AOLO <NRf>
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ID: n/a Mode:  All
Type: float Suffix:  1...8
Value: n/a, [*RST default value] = 0 List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of the zero position of the analogue outputs

9.2.11.2.2 :VALue AOIX

SCPIl:  :SOURce:VOLTage:VALue <string>
SHORT: AOIX <string>

ID: n/a Mode: All
Type: string Suffix:  1...8
Value: n/a, [*RST default value] = ,Utrms* List: n/a
Unit: n/a Group: n/a

Sets or queries the setting of tr@ue ofthe analogue outputés <string> you have to enter
the same string as you would enter when using the instrument without interface. So you have
to send a valid ID!

9.2.12 :STATus commands

9.2.12.1 :OPERation

:CALCulate

:DISPlay

:FETCh

:FORMat

INITiate

[INPut

INSTrument

:MEMory

:READ

:SENSe

:SOURce

:STATus - :OPERation - :CONDition

:SYSTem ‘PRESet :ENABIle

‘TRIGger :QUEStionable [:EVENT]
:NTRansition
:PTRansition

9.2.12.1.1 :CONDition? SOC?

SCPIl:  :STATus:OPERation:CONDition? /gonly/
SHORT: SOC? /qonly/

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Reads the Operation Status Condition Register.
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9.2.12.1.2 :ENABIle SOEN

SCPI: :STATus:OPERation:ENABIle <NRi>
SHORT: SOEN <NRi>

ID: n/a Mode:  All
Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Reads and sets the Operation Status Enable Register.

9.2.12.1.3 [:EVEN{]? SOE?

SCPIl:  :STATus:OPERation[:EVENTt]? /gonly/
SHORT: SOE? /qonly/

ID: n/a Mode:  All
Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Reads the Operation Status Event Register and clears

t.

9.2.12.1.4 :NTRansition SONT

SCPI: :STATus:OPERation:NTRansition <NRi>
SHORT: SONT <NRi>

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Reads and sets the Operation Status Negative Transition Register.

9.2.12.1.5 :PTRansition SOPT

SCPI: :STATus:OPERation:PTRansition <NRi>
SHORT: SOPT <NRi>

ID: n/a Mode:  All
Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Reads and sets the Operation Status Positive Transition Register.

9.2.12.2 PRESet PRES

SCPIl:  :STATus:PRESet/nquery/
SHORT: PRES/nquery/
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ID: n/a Mode: All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Presets the operation and the query registérs p-transition registers are filled with Ox7FFF,
the n-transition registers with 0x0000 and the enable registers with 0x0000.

9.2.12.3 :QUEStionable

:CALCulate

:DISPlay

:FETCh

:FORMat

INITiate

[INPut

INSTrument

:MEMory

:READ

:SENSe

:SOURce

:STATus - :OPERation

:SYSTem ‘PRESet

:TRIGger :QUEStionable - :CONDition
:ENABIle
[:EVENT{]
:NTRansition
:PTRansition

9.2.12.3.1 :CONDition? SQC?

SCPIl:  :STATus:QUEStionable:CONDition? /qonly/
SHORT: SQC? /qonly/

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Reads the Questionable Status Condition Register.

9.2.12.3.2 :ENABIe SQEN

SCPIl:  :STATus:QUEStionable:ENABIe <NRi>
SHORT: SQEN <NRi>

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value:  0...65535 List: n/a
Unit: n/a Group: n/a

Reads and sets the Questionable Status Enable Register.
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9.2.12.3.3 [;EVEN{]?

SQE?

SCPIl:  :STATus:QUEStionable[:EVENTL]? /qonly/

SHORT: SQE? /qonly/

ID: n/a
Type: long int
Value: 0...65535
Unit: n/a

Reads the Questionable Status Event Register and clears it.

Mode:
Suffix:
List:
Group:

9.2.12.3.4 :NTRansition

SONT

SCPIl:  :STATus:QUEStionable:NTRansition <NRi>

SHORT: SQNT <NRi>

ID: n/a
Type: long int
Value: 0...65535
Unit: n/a

Reads and sets the Questionable Status Negative Transition Register.

Mode:
Suffix:
List:

Group:

9.2.12.3.5 :PTRansition

SQPT

SCPIl:  :STATus:QUEStionable:PTRansition <NRi>

SHORT: SQPT <NRi>

ID: n/a
Type: long int
Value: 0...65535
Unit: n/a

Reads and sets the Questionable Status Positive Transition Register.

Mode:
Suffix:
List:

Group:

9.2.13 :SYSTem commands

9.2.13.1 :BEEPer

:CALCulate

:DISPlay

:FETCh

:FORMat

INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe

:SOURce

:STATus

:SYSTem - :BEEPer -
‘TRIGger :DATE

IMMediate
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:ERRor
:HELP
KEY
:LANGuage
:OPTions
:PHEADER
‘TIME
'VERSion

9.2.13.1.1 :IMMediate BEEP

SCPI: :SYSTem:BEEPer:IMMediate/nquery/
SHORT: BEEP/nquery/

ID: n/a Mode:  All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Forces the internal beeper to produce a short sound.

9.2.13.2 :DATE DATE

SCPI:  :SYSTem:DATE <NRf><NRf> <NRf>
SHORT: DATE <NRf><NRf> ,<NRf>

ID: n/a Mode:  All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads and sets the system date. Format is DATE yyyy,mm,dd. Example: DATE 2003,02,09
sets the date to th& $ebruary, 2003.

9.2.13.3 :ERRor

Following errors can occur:

No. Name Possible reason; what to do
8 Overrun error at CONT ON| Too many values were requested in a too short tjme
7 Nested TRIGger:ACTion nat
allowed
6 Action Buffer Overrun Too many commands after the TRIGger:ACTion
command
5 Command header error; (on Not existing or misspelled command or wrong SCF}

maybe wrong path before) |path

4 Formatter output has overryn Internal error, please contact ZES
2 Parser output has overrun Internal error, please contact ZES
1 Parser deadlocked Internal error, please contact ZES
0 No error -
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No. Name Possible reason; what to do
-101 | Invalid character A ‘(‘ or Y) is missing in a <list>
-103 | Invalid separator A wrong character instead of the expected separptor
(i,1, t;’, ‘:i, ‘<EOS>‘, )
-110 | Command header error Not existing or misspelled command
-113 | Undefined header There are no default commands to complete the
automatically. You have to enter the complete
command
-120 | Numeric data error A number was expected but not send
-123 | Exponent too large Exponent is > 37
-124 | Too many digits Number has more than 9 digits
-131 | Invalid suffix Suffix too big or small
-150 | String data error A™ is missing
-221 | Settings conflict Setting at the moment impossible. For example tg
change a measuring range while autorange is activ|
-222 | Data out of range Happens for example at invalid <list> entries
-224 | lllegal parameter value Happens for example if you want to change to the (not
existing) measuring mode 27
other [lllegal error, please inform | An error in the internal error handling. Please contdct
your supplier ZES
:CALCulate
:DISPlay
:FETCh
:FORMat
:INITiate
(INPut
(INSTrument
:MEMory
:READ
:SENSe
:SOURce
:STATus
:SYSTem - :BEEPer
‘TRIGger :DATE
‘ERROr - ‘ALL
‘HELP :COUNt
KEY [:NEXT]
:LANGuage
:OPTions
:PHEADER
‘TIME
'VERSion
9.2.13.3.1 :ALL? ERRALL?

SCPI:
SHORT: ERRALL? /gonly/

:SYSTem:ERRor:ALL? /gonly/
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ID: n/a Mode: All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads all errors, including error code and error description, separated by colons out of the
error/event queue.

9.2.13.3.2 :COUNt? ERRCNT?

SCPIl:  :SYSTem:ERRor:COUNTt? /gonly/
SHORT: ERRCNT? /qonly/

ID: n/a Mode: All

Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the number of errors in the error/event queue.

9.2.13.3.3 [INEXT]? ERR?

SCPIl:  :SYSTem:ERRor[:NEXT]? /qgonly/
SHORT: ERR? /qonly/

ID: n/a Mode: All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads the oldest entry from the efewent queue, including error code and error description,
separated by colons (',).

9.2.13.4 :HELP

:CALCulate

:DISPlay

:FETCh

:FORMat

INITiate

[INPut

INSTrument

:MEMory

:READ

:SENSe

:SOURce

:STATus

:SYSTem - :BEEPer

‘TRIGger :DATE
:ERRor
‘HELP - :HEADers
KEY :SHEaders
:LANGuage
:OPTions
:PHEADER
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:TIME
'VERSion

9.2.13.4.1 :HEADers? HEAD?

SCPI: :SYSTem:HELP:HEADers? /gonly/
SHORT: HEAD? /qonly/

ID: n/a Mode:  All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Returns dist of all SCPI headersThis list is a <defined length arbitrary block response data>.
Because this command has a very special output format it should only be used stand alone.

9.2.13.4.2 :SHEaders? SHEAD?

SCPI: :SYSTem:HELP:SHEaders? /qonly/ [<NRi>]
SHORT: SHEAD? /gonly/ [<NRi>]

ID: n/a Mode:  All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Returns dist of all SHORT headersThis list is a <defined length arbitrary block response
data>. Because this command has a very special output format it should only be used stand
alone.

If the optional NRi is ‘0’, then the output is according to SCPI standard. If itis ‘1’ there are
additional information in the format ‘x;y t':

X, if specified, is the maximum suffix

'y, if specified, is the maximum index

t, if specified, is the data type

9.2.13.5 KEY KEY

SCPI: :SYSTem:KEY <NRi>
SHORT: KEY <NRi>

ID: n/a Mode: All
Type: long int Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Queries the last presskely or simulates the pressing of a key. Valid key numbers are:
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Figure 39: Keynumbers

Please note, that the rotary knob can just be set but not queried!

9.2.13.6 :LANGuage LANG

SCPI:  :SYSTem:LANGuage/nquery/ <NRi>
SHORT: LANG/nquery/ <NRi>

ID: n/a Mode:  All
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Changes the command set to be used. Parameter can be:
‘0’ or ‘'SCPI’ to go to the SCPI command set
‘1’ or ‘SHORT' to go to the SHORT command set

The new language will be used beginning with the following command header.

There is no *RST default value! The language at power up will be SCPI. A ‘device clear’ or
‘BREAK’ will also select SCPI.

9.2.13.7 :OPTions? OPTN?

SCPI:  :SYSTem:OPTions? /qonly/
SHORT: OPTN/qonly/

ID: n/a Mode:  All
Type: long int Suffix:  n/a
Value:  0..2°%-1 List: n/a
Unit: n/a Group: n/a

Reads the installed options inside the LMG. The return value is a long parameter where the
bits have following function (bit set = option installed):

Bit 0: COM A interface

Bit 1: COM B interface

Bit 2: Printer interface

Bit 3: IEEE488.2 interface

Bit 5: Floppy disk drive
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Bit 6: Processing signal interface

Bit 8: Flicker

Bit 9: Harm100

Bit 16: Linked values

Bit 17: CE Harmonics

Bit 19: Ethernet LAN

Bit 23: USB interface

Bit 24-26: 3 bit with the number of installed power measuring channels
Bit 28-31: 4 bit with the number of installed DSP

9.2.13.8 :PHEader PHDR

SCPIl:  :SYSTem:PHEader <string program data>
SHORT: PHDR <string program data>

ID: n/a Mode: All

Type: string Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Sets or reads the printer header. At *RST this value is deleted.

For example

PHDR ,HELLO"
would cause to output ,HELLO*" before each printing.

9.2.13.9 TIME TIME

SCPI:  :SYSTem:TIME <NRf><NRf>,<NRf>
SHORT: TIME <NRf><NRf><NRf>

ID: n/a Mode: All
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Reads and sets tkgstem time. Format is TIME hh,mm,ss. Example: TIME 10,26,46 sets the
time to 10:26:46.

9.2.13.10 :VERSion? VER?

SCPIl:  :SYSTem:VERSion? /gonly/
SHORT: VER? /gonly/

ID: n/a Mode: All

Type: n/a Suffix:  n/a
Value: 1999.0 List: n/a
Unit: n/a Group: n/a
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Returns the version of the SCPI implementation. Returns always ‘1999.0'.

9.2.14 :TRIGger commands

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe

:SOURCce

:STATus

:SYSTem

‘TRIGger - :ACTion
!ICURrent
:INTerval
[:SEQuence]

9.2.14.1 :ACTion ACTN

SCPI: :TRIGger:ACTion/nquery/
SHORT: ACTN/nquery/

ID: n/a Mode:  All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Defines an action which has to be performed, when :INIT:CONT is set to ON and a trigger
event occurs. All program headers which follow behind the *;’ after TRIG:ACT will be used,
until the end of the program message.

Example: ACTN;UTRMS?;ITRMS?

This defines that each time a trigger event occurs in the INIT:CONT ON state, the TRMS
values of voltage and current are returned. See also 9.2.6.1, :CONTinuous CONT'. The
same example in SCPI syntax would be.

‘TRIG:ACT;:FETC:TRMS?;:FETC:CURR: TRMS?

There is no *RST default value!

9.2.14.2 :ICURrent [INC

SCPI:  :TRIGger:ICURrent/nquery/
SHORT: IINC/nquery/

ID: n/a Mode:  All
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a
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Triggers the measuring of the inrush current. The value for the inrush current is reset to 0. See
also 9.2.4.1.1.6

9.2.14.3 :INTerval

:CALCulate

:DISPlay

:FETCh

:FORMat

:INITiate

[INPut

(INSTrument

:MEMory

:READ

:SENSe

:SOURCce

:STATus

:SYSTem

‘TRIGger - :ACTion
!ICURrent
INTerval - ‘RESet
[:SEQuence] :STARt

:STOP

9.2.14.3.1 :RESet RESET

SCPI: :TRIGger:INTerval:RESet/nquery/
SHORT: RESET/nquery/

ID: n/a Mode: Normal
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Resets thenergymeasurement.

9.2.14.3.2 :STARt START

SCPI: :TRIGger:INTerval:STARt/nquery/
SHORT: START/nquery/

ID: n/a Mode: Normal, CE-Harm, Flicker
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Starts a@ime dependent measuring (e.g. energy, flicker, ...).

Note: Usually you have lots of configuration before a start. This can take some time to set up.
So start will be executed after all configuration has been done. This can be much later than
sending the command. To prevent this, it can be useful to have a *OPC? and to wait for the
answer before a START command. By this the point of execution is much closer to the time
when sending the command.
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9.2.14.3.3 :STOP STOP

SCPIl:  :TRIGger:INTerval:STOP/nquery/
SHORT: STOP/nquery/

ID: n/a Mode:
Type: n/a Suffix:
Value: n/a List:

Unit: n/a Group:

Normal, CE-Harm, Flicker
n/a
n/a
n/a

Stops d&ime dependent measuring (e.g. energy, flicker, ...)

9.2.14.3.4 :TREStart TRST

SCPIl:  :TRIGger:INTerval: TREStart/nquery/
SHORT: START/nquery/

ID: n/a Mode: Normal
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a
(Re)starts the transient search.

9.2.14.3.5 :TSTop TSTP

SCPI: :TRIGger:INTerval: TSTop/nquery/

SHORT: TSTP/nquery/

ID: n/a Mode: Normal
Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Stops a transient search.

9.2.14.4 [:SEQuence]

:CALCulate
:DISPlay
:FETCh
:FORMat
INITiate
[INPut
INSTrument
:MEMory
:READ
:SENSe
:SOURce
:STATus
:SYSTem
‘TRIGger - :ACTion
:ICURrent
INTerval
[[SEQuence] - :DEModulator
:HPASs
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LPASs
:SOURCce

9.2.14.4.1 :DEModulator TRGA

SCPI: :TRIGger[:SEQuence]:DEModulator <NRi>[,<NRi>]
SHORT: TRGA <NRi>[,<NRi>]

ID: n/a Mode: Normal, HARM100

Type: long int Suffix:  n/a

Value: 0...2 List: n/a

Unit: n/a Group: optional [,<NRi>], 0=A, 1=B, ...

Sets or reads the AM demodulator setting. Possible values are:
0 for demodulator switched off [*RST default value]

1 for AM-demodulator with carrier < 1kHz

2 for AM-demodulator with carrier > 1kHz

9.2.14.4.2 :HPASs TRGP

SCPI:  :TRIGger[:SEQuence]:HPASs <NRi>[,<NRi>]
SHORT: TRGP <NRi>[,<NRi>]

ID: n/a Mode: Normal, HARM100

Type: long int Suffix:  n/a

Value: 0...2 List: n/a

Unit: n/a Group: optional [,<NRi>], 0=A, 1=B, ...

Sets or reads th®ynchronisation highpass. Possible values are:
0 switched off [*RST default value]

1 >0.5Hz
2 >30Hz
9.2.14.4.3 LPASs TRGT

SCPI:  :TRIGger[:SEQuence].LPASs <NRi>[,<NRi>]
SHORT: TRGT <NRi>[,<NRi>]

ID: n/a Mode: Normal, HARM100

Type: long int Suffix:  n/a

Value: see below List: n/a

Unit: n/a Group: optional [,<NRi>], 0=A, 1=B, ...

Sets or reads th®ynchronisation low pass. Possible values are:
0 switched off [*RST default value]

5 SHz
10 10Hz
20 20Hz
50 50Hz
100 100Hz
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200 200Hz
500 500Hz
1000 1kHz
2000 2kHz
5000 5kHz
10000 10kHz
20000 20kHz
50000 50kHz

9.2.14.4.4 :SOURce SYNC

SCPIl:  :TRIGger[:SEQuence]:SOURce <NRi>[,<NRi>]
SHORT: SYNC <NRi>[,<NRi>]

ID: n/a Mode: Normal, HARM100

Type: long int Suffix:  n/a

Value: 0.4 List: n/a

Unit: n/a Group: optional [,<NRi>], 0=A, 1=B, ...

Sets or reads the synchronisation source. Possible values are:

‘0’ or ‘LINE’ for line synchronisation

‘1’ or ‘EXTS’ for external synchronisation

‘2’ for synchronisation to the voltage signal U1 [*RST default value]
‘3’ for synchronisation to the current signal |1

‘4’ for synchronisation to the voltage signal U2

‘5’ for synchronisation to the current signal 12

‘6’ for synchronisation to the voltage signal U3

“7’ for synchronisation to the current signal I3

‘8’ for synchronisation to the voltage signal U4

‘9’ for synchronisation to the current signal 14

10’ for synchronisation to the voltage signal U5

11’ for synchronisation to the current signal I5

12’ for synchronisation to the voltage signal U6

13’ for synchronisation to the current signal 16

‘14’ for synchronisation to the voltage signal U7

15’ for synchronisation to the current signal 17

16’ for synchronisation to the voltage signal U8

‘17’ for synchronisation to the current signal I8

18’ for synchronisation on external current clamp (SyClamp, accessory L50-Z19)

Note
Only values which are members of a group are valid. If you have a wiring 3+1, you can’t select
signal U4 for group Al
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9.2.14.5 :CONTrol TCTL

SCPIl:  :TRIGger:TRANsient: CONTrol <NRi>
SHORT: TCTL <NRi>

ID: n/a Mode: Normal
Type: long int Suffix:  n/a
Value: 0,1 List: n/a
Unit: n/a Group: n/a

Controls the transient search. Possible values are:
0: Stop
1: Start

9.2.15 Special commands

9.2.15.1 :GTL GTL

SCPI:  :GTL /nquery/
SHORT: GTL /nquery/

ID: n/a Mode: All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Sets the instrument back to the local stgtet¢ local). This should be the last command of a
remote control sequence

9.2.15.2 :LEN LEN

SCPI:  :LEN/nquery/
SHORT: LEN/nquery/

ID: n/a Mode: All

Type: n/a Suffix:  n/a
Value: n/a List: n/a
Unit: n/a Group: n/a

Initiates the LMG’s remote state but adjustments made via the front panel keyboard of the
meter will also be acceptelb¢alenable). It depends on the applications if it is useful or not.

9.2.16 Example 1

Following you find a small example for periodic data exchange via RS232 interface:

'QBasic 1.1

' Example for reading data from a LMG95/450/500
' LMG should be set to following:

' MEASURING Menu

' Normal measuring mode, 500ms cycle time
"IF/IO (OPTIONS) Menu
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' Rmote Device: COM1 RS232

' Dev.: COM1: 9600 Baud, EOS <If>, Echo off, Protocol None

' Connect COM1 of your PC to COM1 of LMG with a 1:1 cable (all pins
' connected, no NULL modem).

DECLARE FUNCTION readans$ ()

OPEN "COM1:9600,N,8,1,ASC,CD0,CS0,DS0,0P0,RS,TB2048,RB4096" FOR RANDOM AS #1
PRINT #1, "syst:lang short" + CHR$(10); ' Change command set

PRINT #1, "actn;utrms?;itrms?" + CHR$(10); ' Request Utrms and Itrms

PRINT #1, "cont on" + CHR$(10); ' Continue output
DO
answer$ = readans$ ' Read answer from LMG
vall = VAL(answer$) ' Calculate values

val2 = VAL(MID$(answer$, 1 + INSTR(1, answer$, ";")))
PRINT USING "Answer:& Valuel: ### ###V Value2: ##.#####A"; readans$; vall; val2

LOOP UNTIL INKEY$ = CHR$(32) ' Loop, until SPACE bar pressed
PRINT #1, "cont off* + CHR$(10); ' Stop continue output

SLEEP 1

PRINT #1, "gtl" + CHR$(10); ' Go back to local mode

CLOSE #1

FUNCTION readans$

answer$ ="
DO
a$ = INPUT$(1, 1) ' Read character from interface
IF a$ <> CHR$(10) THEN "If it is not the EOS character
answer$ = answer$ + a$ "add character to answer string
END IF
LOOP WHILE a$ <> CHR$(10) ' Loop until EOS is reached
readans$ = answer$ ' return answer

END FUNCTION

9.2.17 Example 2

Following you find a small example for one time data exchange via RS232 interface.
Additionally to the SCPI commands you find the same functionality in SHORT syntax.

'QBasic 1.1

' Example for reading data from a LMG95/450/500

' LMG should be set to following:

' MEASURING Menu

' Normal measuring mode, 500ms cycle time

"IF/IO (OPTIONS) Menu

' Rmote Device: COM1 RS232

' Dev.: COM1: 9600 Baud, EOS <If>, Echo off, Protocol None

' Connect COM1 of your PC to COM1 of LMG with a 1:1 cable (all pins
' connected, no NULL modem).

DECLARE FUNCTION readans$ ()

OPEN "COM1:9600,N,8,1,ASC,CD0,CS0,DS0,0P0,RS, TB2048,RB4096" FOR RANDOM AS #1
PRINT #1, "READ:CURRENT:TRMS;:FETCH:VOLTAGE:TRMS" + CHR$(10); 'Request values
(SCPI)

‘PRINT #1, "SYST:LANG SHORT" + CHR$(10);  'Change Language to SHORT

‘PRINT #1, "INIM;ITRMS?;UTRMS?" + CHR$(10); 'Request values (SHORT)

DO
answer$ = readans$ ' Read answer from LMG
vall = VAL(answer$) ' Calculate values

val2 = VAL(MID$(answer$, 1 + INSTR(1, answer$, ";")))
PRINT USING "Answer:& Valuel: ## #####A Value2: ###.###V"; readans$; vall; val2

LOOP UNTIL INKEY$ = CHR$(32) ' Loop, until SPACE bar pressed
PRINT #1, "gtl" + CHR$(10); ' Go back to local mode
CLOSE #1
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FUNCTION readans$

answer$ ="
DO
a$ = INPUT$(1, 1) ' Read character from interface
IF a$ <> CHR$(10) THEN "If it is not the EOS character
answer$ = answer$ + a$ "add character to answer string
END IF
LOOP WHILE a$ <> CHR$(10) ' Loop until EOS is reached
readans$ = answer$ ' return answer

END FUNCTION

9.2.18 Testing the interface using a terminal program

For testing the interface, or how any commands work it is recommended to use a terminal
program (e.g. Hyperterminal under WINDOWS).

Setup the instrument pressiliglO several times until you reach the IF/IO menu. ikttyou

reach the setup menu. If the instrument should be in the remote state switch it back to local by
Goto Local. Choose the profile ‘ComA: Terminal’ and connect the ComA jack with a 1:1

cable to your PC.

Now setup you computer. Start you terminal program and set it up to 9600Baud, 8Data Bit,
1Stop Bit, No Parity and No Protocol. Select the correct com port of your computer.

If you now type in *IDN?’ and press Return, the status bar of LMG should change from
‘Active Local’ to ‘Active Remote’. If not, check if the characters you typed in are echoed on
your screen or not.

If everything is ok, then you get an answer string with the manufacturer, the device, the serial
number and the software version.

If all this fails, check all settings and cables and try again.

9.2.19 SCPI command Example

This shows you as an example (in SCPI language), what you could send, what the instrument
should answer and some comments about this. Some of the responses like measuring values
depend on measured signals, so they may be different, if you try this examples. This examples
work with a new powered on instrument (no commands before!). For testing some functions
we recommend to use the RS232 interface, because it is much more simple to use than the
IEEE interface. In principal the example works with both interfaces. This should help you to
program your requests and to understand how to communicate with the instrument.

Two comments on the syntax in the ‘Sent’ column{JAstands for a space character[ &
for the <cr> (carriage return) character (which is the enter key, if you use for example a RS232
terminal-program on your PC).
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No. | Sent Received Comments
1 *rst[] Reset the instrument to it's default values,
After this first command the instrument
changes to the remote state.
2 *idn?[] ZES ZIMMER Electronic | You ask the instrument for it's identificatio.
Systems GmbH, LMG50(Q,
serial number, version
3a | fetc:volt:trma?] 0 Reads out the voltage of channétl,2,...)
You don't get the actual value, because there
has been no values copied to the interfacq
buffer
3b |read:volt:trms?] |220.34 Waits until the end of the measuring cyclg,
copies the values of chanmeto the
interface buffer and outputs the actual
voltage
3¢ |fetc:volt:trms?] 220.34 No values were copied to the interface buffer,
S0 you get the same result!
4a |read:volt:trms?;:real 220.21;0.6437 Waits until the end of the measuring cycle,
d:curr:trme?] copies the values of chanmeto the
interface buffer and outputs the actual
voltage. Then the instrument waits until the
end of the next measuring cycle, copies the
values to the interface buffer and outputs the
actual current. The voltage and current arp
from different measuring cycles!!
4b | read:volt:trms?;:fet | 221.13;0.6432 Waits until the end of the measuring cycle,
c:eurr:trms 2] copies the values of chanmeto the
interface buffer and outputs the actual
voltage and current. The voltage and currgnt
are from thesamemeasuring cycle!!
4c |read:volt:trma?] |217.75;0.6135 Waits until the end of the measuring cycle,
fete-curr-trme 2] copies the values to the interface buffer ard
outputs the actual voltage and current of
channeh. The voltage and current are alsp
from thesamemeasuring cycle!!
5a | calc:forni],Bpk=Ur Enters the script between the ,* signs. Thip
ect/(4**3*0.000091 script is stored in the script editor and
6).0] executed from the next measuring cycle.
Hpk=Ipp/2*3/0.0854
os;L
Ua=Bpk/1.2566e-
6/Hpk;“[]
5b |read:varl(0:1)0 |3.4567,2.8405 Waits until the end of the measuring cycle,
copies the values to the interface buffer ard
outputs the variables 0 to 1 (Bpk and Hpk}.
Both are from theamemeasuring cycle!!
6a |fetc:volt:trm3%] You misspelled the request
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No. | Sent Received Comments
6b | systerr:all?] command header You ask the error queue what happened gnd
error: TRM3 get the answer. If you have misspelled moye
than this command, you get more answers.
7a |inst:sel]1; *opci] Switch to the CE harmonics mode
7b | read:harm:curr:ampll.2346,00034,0.9984 Waits until the end of the measuring cydle,
n?0J(3:5)0 copies the values of chanmeto the
interface buffer and outputs the amplitude$ of
the current harmonics of order 3 to 5. All gre
from thesamemeasuring cycle!!
7c  |inst:seldnorml: switch back to the normal measuring modg
*opc?
8a | trig:act;:fetc:volt:trm Defines that the voltage and the power
s?;:fetc:pow®] should be output after every measuring cyfle,
without any further request.
8b |init:conttdon] 220.34;15.345 Activates this continuous output of the vallies
220.19;15.217 defined with ‘actn’. (until the CONT OFF
command!)
8¢ |init:contdoff[] stops the continuous output.
9a | mem:fredon freezes the scope memory
9b | sens:wav:iupd;:sen$-3204, +4506 calculates new information to the samplefd
:‘wav:sbtr?11;:sens: values of group B (0 = group A, 1 = group
wav:satr?110 B), reads how much values are stored befpre
and after the trigger
9c |sens:wav:wave?s, |220.45,221.36 ... Reads out the sampled values of the voltape
(-100:100)1 (comma separated one
dimensioned array with
the size 201)
9d | mem:fredoffO deactivates the scope memory
10 | gtl Changes from the remote to the local statg.
So the instrument can be controlled manuplly

9.2.20 SHORT command Example

This shows you as an example (in SHORT language), what you could send, what the
instrument should answer and some comments about this. Some of the responses like
measuring values depend on measured signals, so they may be different, if you try this
examples. This examples work with a new powered on instrument (no commands before!). For
testing some functions we recommend to use the RS232 interface, because it is much more
simple to use than the IEEE interface. In principal the example works with both interfaces.

This should help you to program your requests and to understand how to communicate with
the instrument.
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Two comments on the syntax in the ‘Sent’ column{JAstands for a space character| &
for the <cr> (carriage return) character (which is the enter key, if you use for example a RS232
terminal-program on your PC).

No. | Sent Received Comments

1 *rst[] Reset the instrument to it's default values,
After this first command the instrument
changes to the remote state.

2 *idn?[] ZES ZIMMER Electronic | You ask the instrument for it's identificatio.
Systems GmbH, LMG50(Q,
serial number, version

3 | systilang shoftl Switch to the SHORT command set

4a | ytrmen?0 0 Reads out the voltage of channétl,2,...)
You don't get the actual value, because there
has been no values copied to the interfacq
buffer

4b | inim:utrma?] 220.34 Waits until the end of the measuring cycld
copies the values of chanmeto the
interface buffer and outputs the actual

voltage
4c | utrme?] 220.34 No values of channel were copied to the
interface buffer, so you get the same resulf!
5a |inim;utrma?;inim;i | 220.21;0.6437 Waits until the end of the measuring cycle,
trmsn?] copies the values of chanmeto the

interface buffer and outputs the actual
voltage. Then the instrument waits until th
end of the next measuring cycle, copies th
values to the interface buffer and outputs the
actual current. The voltage and current ar
from different measuring cycles!!

[CEY)

1%

5b | inim;utrma?;itrma | 221.13;0.6432 Waits until the end of the measuring cycl
2] copies the values of chanmeto the
interface buffer and outputs the actual
voltage and current. The voltage and currgnt
are from thesamemeasuring cycle!!

Ay

5¢  |inim;utrms?0] 217.75;0.6135 Waits until the end of the measuring cycl
copies the values of chanmeto the

Ay

itrmsn?0J .
interface buffer and outputs the actual
voltage and current. The voltage and currgnt
are also from theamemeasuring cycle!!
6a | formU,Bpk=Urect/( Enters the script between the ,” signs. Thip
4**3*0.0000916); script is stored in the script editor and
0 executed from the next measuring cycle.

Hpk=Ipp/2*3/0.0854
os;L
Ua=Bpk/1.2566e-
6/Hpk;“]
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No. | Sent Received Comments

6b |inim;vardil(0:1)0 |3-4567,2.8405 Waits until the end of the measuring cycl
copies the values to the interface buffer an
outputs the variables 0 to 1 (Bpk and Hpk}.
Both are from theamemeasuring cycle!!

7a | utrm37] You misspelled the request

70 | errallil command header You ask the error queue what happened 3

error:UTRM get the answer. If you have misspelled mog

than this command, you get more answer

8a Switch to the CE harmonics mode

modd]1; *opcd]

8b

INIM;HIAM? [1(3:5
o

1.2346,00034,0.9984

Waits until the end of the measuring cyd
copies the values to the interface buffer an
outputs the amplitudes of the current
harmonics of order 3 to 5. All are from the
samemeasuring cycle!!

le,
d

8c

modd_Inorml;
*opc?

switch back to the normal measuring mod

1%

9a

actn;utrms?;pn?]

Defines that the voltage and the power of
channein should be output after every
measuring cycle, without any further requd

st.

9 |contdond 220.34;15.345 Activates this continuous output of the vallies
220.19;15.217 defined with ‘actn’. (until the CONT OFF
command!)
9¢ | contloff(] stops the continuous output.
10a | frzOon freezes the scope memory
10b | sactl;sbtr21;satr? |-3204, +4506 calculates new information to the sample

gio

values of group B (0 = group A, 1 = group
B), reads how much values are stored bef
and after the trigger

Q.

pre

pe

10c |wavel?15,(- 220.45, 221.36 ... Reads out the sampled values of the voltal
100:100p (comma separated one |of channel 1
dimensioned array with
the size 201)
10d | frzOoffO deactivates the scope memory
11 | gtl Changes from remote to the local state. S
the instrument can be controlled manually
9.3 Physical devices

The physical devices are the jacks at the rear panel of the instrument.

9.3.1

The most simple but universal interface. The LMG has build in two of them in the standard

instrument.

The serial interfaces
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Both can be used for data logging as well as for remote control. The maximum transfer rate is
115200 Baud. That are about 10000 characters per second. By this you are able to transfer
also the very many harmonic values in real time to your PC.

Together with the BMP2PC software (available from our homepage) you can also get screen
shots via the serial interface onto your PC.

With the same speed you can also remote control the instrument, send commands and get
answers.

9.3.1.1 ComA, RS232

In this female connector a null modem is implemented. That means if you want to connect
ComA of the LMG to a PC you have to use a cable which connects 1:1 (withalutraodem

function).
[T]]
Figure 40: ComA connector
Pin 1 2 3 4 5 6 7 8 9

Comment | nc TxD| RxD| nc GND| nc CTS RTS

U/
>
-5

9.3.1.2 ComB, RS232

In this male connector no null modem is implemented. That means if you want to connect
ComB of the LMG to a PC you have to use a cable with null modem function.

]

o o0 o O ©O

O o O O

Figure 41: ComB connector

Pin 1 2 3 4 5 6 7 8 9

Comment| DCD| RxD| TxD| DTR| GND| DSR RT§ CT$ H

9.3.2 |IEEEA488.2

This interface is also known as IEC625 bus or GPIB. By it you can implement the LMG into
an existing bus system.
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The IEEE interface can just be used for remote control, not for logging. The maximum data
transfer is about 1 Mbytes per second. This and the connection of several other devices makes
this bus a standard for complex measuring systems

This port has the pinout defined in the standard IEEE488. You can use the standard cables.

9.3.3 Parallel Port

Whenever you want to print out data directly, this interface is used. In the LMG we have
implemented drivers for the most popular printers. They are just needed, if you want to print
out graphics.

Like with the serial interface you can print out cyclic values as tables.

Printers are not the fastest devices, so it can happen, that the printer gets more data than it can
handle. In this case the printing is interrupted

This port has the same pinout like a PC parallel port. You can use the same cables.
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10 Logging of values to drives, printer and interfaces

All menues you see can be stored to a memory card, floppy disk drives, interfaces or can be
printed out. In principal you get what you see. Some exceptions are described in the individual
chapters (e.g. you get all harmonics, not only the visible). If you want to record in single mode
you get the values you see. That means when you have frozen the display you get the frozen
values. If you are in a periodic mode then you get the actual values, also if you have frozen the
display.

The data logging is handled in a way that you have to press as few keys as possible to get the
result: To output the measured values periodically or one time to an interface or storage media.

There are no menus where you have to choose the values you want to output. Choose just one
of the available menus and pré&mt/Log.

You get an dialog box where you can choose the destination of the loggin®éstih This
can be a file, an interface or a printer.

Each single destination entry in this menu describes an output device and its most important
setting. For storage media this is the file name, for the printer the printer type and for the
interfaces the baud rate. This and other settings you can change at any time by Peg¢ssing
Your changes are stored in so called ‘profiles’. This profiles are stored in the memory. They
are just valid in their environment: If you change the baud rate of ComA for loghengaud

rate of ComA for remote control is not changed!

In the dialog box you see further on the state of the chosen destination device. For storage
media you see here also the available size and the number of stored files. For printers you can
get ‘printer ready’, ‘printer busy’ or ‘paper empty’.

10.1 Start of logging

The logging itself starts, if you close the dialog box \ittter. (if you pres€scyou close the
box without storing). In the status bar you get at the right side a red/green flashing log display
while the logging is active.

If you want to output to a serial interface it could happen, that this interface is already reserved
for remote control. In this case you are asked, if you want to change the usage of this interface
from remote control to logging. If you say 'Yes' the usage is changed. Please make sure, that
you don’t have any remote controlled data transfer before you pnésis
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10.2 End of logging

To stop an periodic output (one time outputs are stopped automatically) you have to press
Print/Log again. By pressingnteryou stop the logging, witkscyou leave the dialog box

10.3 Logging profiles (output devices)

Following profiles are accessible after presfiagt:

Disk(Data): filename

Writes the data of the actual menu to the file ‘filename’. As default this is ‘LOG’, but you can
choose any other name with up to 6 characters. This nhame is expanded by a two digit number
which is incremented with each new logging. The extension is always ".AT'. Some examples for
filenames are (the number is generated by the LMG):

LOGOO.DAT
LOGO1.DAT
MYDATOS5.DAT
MOTOR_O1.DAT
MOTOR_02.DAT

If you want to know, which files already exist on a media, how much space is available or if
you want to setup anything presSst.

Here you can choose a new name for the next loggingRthBy pressindgvark* you can
mark/unmark files and delete them widiel*. With Clear Disk you format a media.

Typ. lets you choose another output format (see 10.4, ‘Output formats’)

Caution
Do never remove the media, while a logging is in progress. This can corrupt the files and
destroy your measuring results!

Disk(Scr): filename
Saves a screen shot of the displayed menu as a PCX file at the media. All settings are identical
to ‘Disk(Data)’, except th&yp. is fixed to ‘PCX’.
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ComA: baudrate

The measuring values are transferred in the chosen ‘Output as’ format via ComA with the
displayed baud rate. Witketyou can change baud rate, protocol or the format. For the
connection to the PC you have to use a 1:1 cable.

ComB: baudrate
Same like ‘ComA: baudrate’, but another jack and you have to use a null-modem cable.

ComA: BMP2PC

If you don’t have a storage media but want to get screen shots, you can use this profile. Use
our program BMP2PC (available on our homepage www.zes.com) and connect your PC with
a 1:1 cable with ComA. Then you can transfer a screen shot to the PC and the receiving
program stores it as a bitmap file.

Lpt: printer

On a connected printer you can output measuring values as well as hardcopies of the actual
screen. The 'output as displayed' is pure text, so that you can connect almost every printer. For
a graphical output you have to setup the correct printer type. Due to the growing number of
printers it's not possible to write a driver for each type. So we implemented 5 generic drivers
which can drive most available printers:

EPSON 9-Pin

EPSON ESP/P

EPSON ESP/P2

HP DeskJet

HP LaserJet

In case of any doubts please contact your local computer shop.

After pressingSetyou can setup the modéirq) and the output formaQutput as). Further
on you can create a commeRefn) which is also printed (see 10.Reémarks, header lines’).

Some models try to get a complete image of a page in their RAM before they start printing.
Therefore you might think, the printer is not working, if you send it just some few lines.

It's not a good idea to output a page after just few lines. Therefore we send as default no form
feed to the printer. But you can change this Wwitlend: instead of 'None' setup 'paper out'. Or
you can presBage outto do this manually, when you like.

10.3.1 Output intervals

With Mode you can setup how often the values should be output:
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every cycle

periodic

every integral

The values are periodically output after each measuring cycle. Please make
sure, that the output device is fast enough!

The values are output after the interval you set up. The minimum time is 10s.
After you have chosen 'periodic’ you get this time in a highlighted box. If the
value is ok, you press jugnter. If not pres$er. and change it. Leave the

box with Enter.

The output interval depends on the settings afithEimemenu. The
outputs starts, if you have started an integration. For the different integration
modes you get:

continuous Output at end of measuring cycle

interval One time output after the integration time is over.
periodic Periodic after each integration time

summing  Output at end of measuring cycle

by script The output is done, when #hiet()  function in the script editor is called (see

4

4.4.2.7, Functions’).

10.4 Output formats

Output as displayed
As default the values are output in the same position like at the display. A one-time output of
default menu, $ichannel could look like this:

ltrms:1= 0.0270 A
Utrms:1= 0.1414 V
P:1=-0.004 W
Q:1= 0.000 var
S:1= 0.004 VA
PF:1= 0.9992

Output as csv

(Excel)

At periodic output it is an advantage, if the values are ordered by time. To do this choose the
‘csv (Excel)' format.

dt/s,ltrms1/A,Utrms1/V,P1/W,Q1/var,S1/VA

216.00E-03, 289.94E-03, 221.61E+00, 41.313E+00, 49.210E+00, 64.253E+00
716.00E-03, 289.51E-03, 221.68E+00, 41.290E+00, 49.132E+00, 64.178E+00
1.2160E+00, 289.64E-03, 221.59E+00, 41.172E+00, 49.234E+00, 64.180E+00
1.7230E+00, 290.86E-03, 221.45E+00, 41.291E+00, 49.435E+00, 64.410E+00
2.2160E+00, 289.72E-03, 221.54E+00, 41.261E+00, 49.164E+00, 64.184E+00
2.7160E+00, 289.95E-03, 221.57E+00, 41.335E+00, 49.181E+00, 64.245E+00
3.2160E+00, 289.21E-03, 221.54E+00, 41.206E+00, 49.065E+00, 64.073E+00
3.7160E+00, 289.75E-03, 221.46E+00, 41.280E+00, 49.126E+00, 64.167E+00
4.2160E+00, 289.83E-03, 221.44E+00, 41.232E+00, 49.181E+00, 64.178E+00
4.7160E+00, 290.01E-03, 221.50E+00, 41.290E+00, 49.210E+00, 64.238E+00
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5.2160E+00, 289.41E-03, 221.51E+00, 41.262E+00, 49.066E+00, 64.109E+00

The measuring values are written in scientific format without identifier or unit into a table. By
this it is very easy to load such data into for example EXCEL. Invalid values are marked as
eeeoee- ". Each line ends with <CR><LF>.

The first column is always the time in seconds after the start of the logging. In general this is an
integer multiple of the cycle time. In the harmonic and flicker modes you find here the number
of signal periods which were used for analysis. So if you know the signal frequency you can
calculate the real time (an exception is the Harm100 mode, because here the measuring has to
be done with gaps!)

10.5 Remarks, header lines

At the start of each output (floppy disk, memory card, printer, ...) you can place several
comment/header lines. When logging periodically, this header lines are just printed at the start
of logging.

When editing this field (se¥0.3, ‘Logging profiles (output devices)’) you can use a pre
defined example witkExmp. You can modify and delete this exampleHuit. If you have
finished, pres&nd.

You can see standard text and some special identifiers with a leading ‘$’. They will be replaced
when logging the header by their real value. In the case of ‘$Cycle’ the real cycle time will be
inserted at this position. You can select every identifier. For a list of this identifiers please refer
chapter 9.2,Commands’. The ‘ID’ field specifies the useable values. They are the same
identifiers like for the script editor.

If you log theDefaultmenu with the example header you get following result:

My Company

Printed at 22.04.2003 14:22:13
Cycletime 500.00 ms

Voltage at channel 2: 136.99mV

Itrms:1 0.0320 A
Utrms:1 212.01V

P:1 -0.14W
Q:1 6.78var
S:1 6.78 VA

PF:1 20.646 m

Like in the script editor you can call the pre-defined lists (see chapteEatBring identifiers,
characters and text’). Just remember to use the ‘$’ in front of the identifier.

When ,,Output as table” in front of each comment line a ‘REM’ is written to simplify
evaluation.
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10.6 Storage media

Storage media are used to store single or periodic measuring data. The data format is equal to
the data format of the serial or parallel interface. But this data are written immediately and
evaluated later on.

Equivalent to a screen dump to a printer you can make a screen shot and store it in the popular
PCX file format.

10.6.1 Floppy disk drive
The optional floppy disk drive is a PC compatible 3 1/2" drive for 1.44 Mbytes disks.

The file format is MSDOS (FAT) format. So you can read it with each PC with an Microsoft
os.

Floppy disk is a very good medium for data transfer to a PC if you want to evaluate the
measured data afterwards. The disadvantage is the slow data transfer and the medium storage
capacity. The medium transfer rate is just about 20kbyte per second, if you use a blank,
formatted disk.

If you want to store harmonic values you get about 100 harmonics for 4 channels for each
measuring cycle. That are 400 values which take about 5000 characters in storage. At 200ms
cycle time you have about 25kbyte per second! In this case it might be better to use a memory
card drive.

10.6.2 USB memory stick

The number of files and directories in the root directory must not be more than 150. Else you
get the error message ,File Table Overflow".

The stick must be formatted with FAT16. FAT32 will not work! The stick must not contain
any own operating system (like e.g. Titanium Cruzer). Such an OS must be removed before the
usage. The stick must not have more than one partition.

After calling the log dialog it can take several seconds until the structure of the memory stick is
analysed. The time increases, if more files or stored on the stick. If the log dialog is opened,
the stick must not be removed.

The stick implementation does not support a real formatting of the stick. So if you choose
formatting, only the files in the root directory are delete. This can take several seconds. For a
real formatting, please use a PC.
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10.7 Import of data into PC programs

To get the measuring values into your PC you have two possibilities: You can store them on a
storage media or you can send them via the serial interface.

10.7.1 Data exchange via storage media

If you are using a floppy disk it is no problem if you have a standard floppy disk drive.

10.7.2 Data exchange via serial interface

For this you just need a 1:1 cable (or a null modem cable if you are using ComB) and an
installed terminal program. On each Windows PC you should have the program ‘Hyperterm
already installed.

1. Start Hyperterm and enter any name for the new connection.
2. Choose the COM port which is connected to your PC.
3. Set up this port with following parameters:

Baud rate 115200
Databits 8

Parity None
Stopbits 1
Protocol None

4. Hyperterm is now ready to receive data. To test the connectiorPpiretgisog at LMG,
choose ‘ComA: 115200’ as destination. If the baud rate should not be 115200 please set it
via Set.If you are using ComB do the same for it..

The mode should be set to 'one-time' and ‘output as table’.

5. Pres€nterto start the transfer.

6. Hyperterm should now display the values. If not, check the correct ports, cable and all
settings. Check also that Hyperterm is ‘on-line’. If not, open the connection.

7. Hyperterm receives correct data. You can save the following data into a file via menu
‘transfer’ and ‘save text’

8. Press at LM@rint/Log again and choose now 'every cycle'. Start logging ritier.

In Hyperterm you see now the received data which are stored in background.

9. To stop the logging preBsint/Log andEnter.

10.Stop the recording of Hyperterm by closing the text file. If you open this file with any text
editor you see the logged data.

10.7.3 Country dependent numbers

Float numbers are output with a dot . as decimal separator. This can cause problems, when
your computer is set up to use ‘,’ as separator (like for example in Germany). In this case set
up your operating system to use the dot ‘." as separator.
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10.7.4 Reading data into EXCEL

First make sure, that the decimal separator is set up correctly. Then start Excel and load the
file. Choose the number of lines Excel should skip to reject the header.

As column separator select a space.

Now the data from the file are read into Excel without any problems.

10.8 Error messages

Drive not ready
You have chosen a storage media as destination, but this media is not plugged Esd’ress
until the message vanishes. Choose another destination or insert the storage media

Operation not permitted
An error occurred while storing. For example the storage media was removed.

Output device too slow - stopped!

The chosen output device is too slow to handle the data in real time. In this case the logging is
stopped. Predsscuntil the message vanishes. Choose a faster output device or reduce the
data volume for example by choosing a longer cycle time.

All values until this message are stored correctly.
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11 Miscellaneous

11.1 Frequently asked questions

11.1.1 Uncertainty of measured and computed values

The uncertainty of the directly measured values I, U and P can be found in the tables in 12.3.3,
‘Uncertainty’. The following calculations illustrate how to use these tables and how to
calculate the uncertainty for other valuk} (

The read value of device should be:
Um=230.000V, range 250V, peak range 400V
lyms=0.95000A, range 1.2A, peak range 3.75A
A=0.25000

f=50.0000Hz

P=54.625W, range 300W, peak range 1500W
AC coupling mode for the signal

From the table for the general uncertainty, the following specifications for voltage and current
can be determined (using the peak values of the respective measuring range):

AU = +(0.01% of Rdg# 0.02% of Rng.)= +(0.023/ + 0.08)= +0.103/
Al = +(0.01% of Rdg#+ 0.02% of Rng.)= +(0.095mA+ 0.75mA)= +0.845mA

AP = +(0.01%% of Rdg+ 0.01% of Rng.)= +(8.194mW+ 150mW)= +0.158N

Why to use the peak value of a measuring range and not any nominal
values?

Analogue instruments use the DC or RMS component of a signal for displaying the true
value. Due to some analogue characteristic of their working principle (saturation, non
linearities of components, ...) it could happen, that a signal with a small RMS
component but a big peak value was disturbed. So these instruments had to spec|fy a
maximum allowed crest factor (the ratio of peak value to rms value) for which they|could
guarantee a reading inside their specifications. But there was no really hard limit fgr the
maximum measurable peak value. The “range” to use for uncertainty calculations ywas the
RMS range for sinusoidal signals.

But the world has changed: Signals become more and more disturbed and modern
instruments like this LMG use AD converters. The range is now defined as the biggest
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value an ADC can sample, the RMS can be as big as this biggest value (in case of DC) or
also very much smaller (for example in case of an inrush current). For this reason the
only range value for an uncertainty calculation which could be legitimated physically is

the peak value (= the range of the ADC). The RMS value (as well as the not further
necessary crest factor) can be defined randomly: A 100Vpk range can be specified as
70Vrms range with crest factor 1.43 or as 5Vrms range with crest factor 20. In other
words: It makes sense to specify the crest factor of a signal (to choose the correct peak
range) but it is pointless to specify a crest factor for a modern digital instrument. What is
the physical information?? Important is, that the peak value is not bigger than the ADC
range!

Physically it makes absolutely no sense to specify a RMS range for uncertainty
calculations for modern instruments with ADC sampling. That is the reason why ZES
ZIMMER uses the physically correct peak value of a range, because this is the trug range
of the ADC!

The power factor is computed as follows:

The uncertainty for power factor is calculated corresponding to the rules of uncertainty
computation using the total differential:

=Py Py Ay
oP iy i/
Ao OP PrAU PrA
VA I R VER Y
_ 0158V 54628N*0.103/ 54625V * 0.845mA
230V *0.95A 0.95A* (230v ) (0.95A)** 230V
A) = 0.00039

This is the maximum uncertainty (worst case) that can occur in the calculation of the power
factor. The typical uncertainty is two to five times better!

The relative measuring uncertainties are:

AU

—=0.04%%
U

U %measure:

| Yomessnc™ % = 0.089%
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AP

—=0.28%%0
P

P %measure:

>|E

= 0.16%

A %measure:

To get the real uncertainty, the uncertainty of display (1 digit) has to be taken into account:

0.0V
U %display: m: 0.004%

| %display: %A: 0.001%

0.00W
P%display: m: 0.0020

A %display: %1: 0.004%

This results in the following measuring values:

Umms = (230.00 + 0.103)V
lems = (0.9500 % 0.00085)A
P =(54.625% 0.158)W
A =0.25000 + 0.00039

If you use external sensors please see the ZES Sensors and Accessories Manual for hints, how
to calculate the total uncertainty under this circumstances.

11.1.2 Uncertainty of non sinusoidal signals

The standard uncertainties are just given for sinusoidal signals. The reason is, that the national
standards usually work just with sinusoidal signals.

To estimate the uncertainty of non sinusoidal signals you can use the following system.

Let’'s assume you want to measure a square signal with 5V peak value, 50% duty cycle, no DC
value and a frequency of 50Hz.

First the signal has to be divided into its frequency components. Then the uncertainties of the
rms-values of each frequency component have to be calculated. The used uncertainty is the
standard uncertainty of reading at the specific frequency according to the technical
specification. All these uncertainties have to be added geometrically (because they are rms
values with different frequencies). Further on you have to add the uncertainty of the measuring
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range at the frequncy with the biggest amplitude (usually the fundamental) once (once because
it includes common errors like offset, ...). With this sum you can calculate the total uncertainty.
The values in the columns of the following table are:

Frequency (f/ Hz)

rms value at this frequency (U / V)

Percentage uncertainty of frequency component according to technical data (% of value)

» Absolute uncertainty of frequency componehit)(/ mV)

f/Hz u/v Uncertainty in % of U| UncertaintyAU / mV

50 4.501 0.01 0.4501

150 1.500 0.02 0.3000

250 0.900 0.02 0.1800

350 0.636 0.02 0.1272

450 0.499 0.02 0.0998

550 0.408 0.02 0.0816

650 0.346 0.02 0.0692

750 0.300 0.02 0.0600

For this example only the harmonics from 1 (50Hz) to 15 (750Hz) have been used. Harmonics
of a higher order cause just barely greater uncertainties not affecting the total uncertainty very
much like shown in the table.

The geometrical sum of all uncertainties results in an uncertainty of 0.6051mV.
To that you have to add the uncertainty of the range (0.02% of 12V (peak-value) = 2.4mV).

The total uncertainty is 3.0051mV which is 0.06% of 5V.

11.1.3 Hints for setting up the record rate of the scope

The scope function defines the record rate of the sample values indirectly by changing the
timebase. When transferring sample values over the interface it is more useful to setup a fix
record rate instead of setting up a timebase. The relation between timebase and record rate is
described here.

The CAPITAL words are not requestable via interface nor visible on the display. They are here
locally introduced to explain the situation.
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Scope settings

BASE The only setting for the scope is the timebase, i.e. the time per division in seconds.
There are 20 sample values per division used. The timebase can be set in a range
from 1Qus to 1sin a 1-2-5 stepping.

Software parameters
CYCLE The cycle time in seconds.

DIV This is the sample rate pre divider which depends on the selected filter. The
following values are possible:
1 without filter
2 with filter > 10 kHz
30 with filter< 10 kHz
For the calculation the biggest divider of all groups is used. Example: Group A
without filter, group B with 270kHz Filter, group C with 10kHz filter. Then
DIV=30 is used.

SMPL  sampling rate
SMPL = 3MS/s / DIV

Hardware parameters
MEM Memory depth: This is always 1048576. In master slave mode the memory is
doubled, but there are also more channels, so this values is constant. See CHNS.

CHNS  Number of power measuring channels. In master slave mode, CHNS is the maximum
number of channels in each single instrument. Example: Master has 4, slave 3
channels. Then CHNS=4 is used.

Internal parameters

ZOOM The display of the values depends on the ZOOM factor. It definesphaw
sample values are packed to one display value. The default value is 10. The
parameter ZOOM is changed, if BASE becomes such small, that the requested
display can only be reached by reducing ZOOM. In this case not 10 values are
packed but less, down to 1. ZOOM can only be 50, 20, 10, 5, 2, 1. With ZOOM=1
every sampled value is stored and displayed. Over the interface you will get every
stored value, independent of the ZOOM setting. For the calculation of this value, see
below.

FREEZE If the memory is frozen, of course you can’t change the sample rate any more.
Changing BASE can now only influence the ZOOM value to zoom in or out. Due to
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the limited value range of ZOOM, the zooming is also limited. For the influence of
this parameter see below.

Results
Following interim values are calculated

RATE  Storage rate
RATE =20 * ZOOM / BASE

DUR Storage duration
DUR = MEM / CHNS / RATE

If a special sampling rate is wished, it can be calculated in opposite order:
BASE =20 * ZOOM / RATE

Caution: Not every storage rate is possible. By rounding (dividers must always be integers!)
and internal divider structures the resulting storage rate can be different from the
requested one. It is always necessary to check the storage rate by the GFRQ interface
command.

Example: 4 channels, BASE = 10ms/div, ZOOM = 10.
RATE = 20000 samples/s
DUR = 13.11s

Limits

MAXRATE The maximum storage rate. It is limited by the cycle time (CYCLE) and the
number of channels (CHNS). Because at least one complete cycle of all channels
has to fit into the memory. For administrative purposes the cycle time must be
multiplied with a factor of 1.7!
MAXRATE = MEM / (CYCLE * 1.7 * CHNS)
If MAXRATE is bigger than SMPL then MAXRATE = SMPL!

Example 1. CYCLE =0.5s, 4 CHNS
MAXRATE = 308,457 kS/s (only 200kS/s settable, see MINBASE)

Example 2. CYCLE =0.05s, 4 CHNS
MAXRATE = 3.08MS/s (limited to 3MS/s!)
This shows, that the maximum sample rate is possible with 4 channels at fastest
cycle time.

From above calculation for BASE you get a minimum timebase MINBASE at ZOOM=1 and
with the maximum storage rate MAXRATE:
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MINBASE = 20 * ZOOM / MAXRATE = 20 / MAXRATE

Example:CYCLE = 0.5, 4 CHNS
MINBASE = 64us.
The next bigger valid value is 0@ which results in a real RATE of
RATE =20 * ZOOM / BASE = 20kS/s (see above).

The third limit is a divider. The ration SMPL / RATE must be an integer. If it is not, the
resulting number must be scaled down and SMPL must be divided by it to get the real RATE.

Determination of ZOOM

Without Freeze

If you reduce BASE, ZOOM stays at 10 as long as the storage RATE is much smaller than
MAXRATE. If it becomes bigger, ZOOM must be reduced to reach a valid rate (see definition
of RATE).

For MAXRATE / RATE= 10 you get ZOOM = 10
For 5 < MAXRATE / RATE < 10 you get ZOOM =5
For 2 < MAXRATE / RATE < 5 you get ZOOM =2
For MAXRATE / RATE < 2 you get ZOOM =1

With Freeze
If Freezewas pressed the actual BASE is stored as LASTBASE. In the same way ZOOM is
stored as LASTZOOM.

The zoom factor is now:
ZOOM = BASE * LASTZOOM / LASTBASE
in the range from 1 to 50. In this case ZOOM has no 1-2-5 stepping, because this comes

indirectly from the stepped input of BASE!

Validity of BASE
If the calculated value for ZOOM is outside the range 1-50, the setting of BASE becomes
invalid. In this case there is an error message in the display or in the interface system.

Calculation of BASE for a requested sampling rate
ZOOM is always 1, because via interface you can’t zoom, i.e. you always get all sample
values!

Example 1
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You have a 3 phase instrument and want a sampling rate of 150kS/s without any filter and a 1s
cycle time. How to setup BASE?

BASE =20 * ZOOM / RATE. So you get BASE = 183div, the next valid stepped
neighbours are 1Q@/div and 20Qs/div. This results in a real rate of 100kS/s @.20div
and 200kS/s @ 1@&/div.

Now we have to check the limits:

MAXRATE = MEM / (CYCLE * 1.7 * CHNS) = 205603kS/s
MINBASE = 20 / MAXRATE = 0.97ms/div
SMPL / RATE = 30 resp. 15

Both BASE settings would meet these conditions! You can’t setup 150kS/s as sampling rate
but 100kS/s or 200kS/s.

Example 2
You have a 3 phase instrument and want a sampling rate of 150kS/s with 9.2kHz filter and a 1s

cycle time. How to setup BASE?

BASE =20 * ZOOM / RATE. So you get BASE = 183div, the next valid stepped
neighbours are 1Q@/div and 20Qs/div. This results in a real rate of 100kS/s @20div
and 200kS/s @ 1@&/div.

Now we have to check the limits:

MAXRATE = MEM / (CYCLE * 1.7 * CHNS) / DIV = 205603kS/s

MAXRATE is limited to 100kS/s due to the filter setting! So the d9J@iv is not possible to
setup!

MINBASE = 20 / MAXRATE = 20Qus/div

SMPL/RATE=1

The 20Qus/div BASE setting meets all conditions and is possible, so the best possible sampling
rate is 100kS/s.

Example 3
You have a 3 phase instrument and want a sampling rate of 3MS/s without filter and a 0.05s

cycle time. How to setup BASE?

BASE =20 * ZOOM / RATE. So you get BASE = @47div, the next valid stepped
neighbours arelts/div and 1Qs/div. The smallest possible value is18@liv, so the other
value doesn’t matter. This results in a RATE of 2MS/s @sidv.

Now we have to check the limits:
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MAXRATE = MEM / (CYCLE * 1.7 * CHNS) / DIV = 4112063S/s
MAXRATE is limited to 3MS/s due to the filter setting.

MINBASE = 20 / MAXRATE = 6.7us/div
SMPL / RATE = 1.5, scaled down to 1.0, resulting in a new RATE = 3MS/s / 1 = 3MS/s.

The 1Qus/div BASE setting meets all conditions and is possible, so the best possible sampling
rate is 3MS/s.

11.2 Function fault

If you think you have found an error or function fault in a LMG500 please fill out the

following page and send it to ZES. If you think the measuring result are wrong, please also fill
out the second page. For this purpose connect the measuring circuit, freeze the screen with the
values and fill out the paper with the frozen values.

On the attached CD you find a tool called ‘LMG CONTROL’. One feature of this tool is, that
it can store all measuring values and a complete configuration in a report file. You can also use
this tool to generate a function fault report.
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Function fault at a LMG500
To:

From:
Name:

Z E S ZIMMER Electronic Systems Gmb"bompany:

Tabaksmuihlenweg 30
61440 Oberursel

Germany

Tel. ++49 (0)6171 / 628750
Fax ++49 (0)6171 / 52086

Information about the instrument;

Type Plate:
Serial number:

IF/I0 Menu:List more
Version;

Interface:

Process Signal:

Flicker:

Harmonic 100:

extended memory:

linked values:

Exact error description:

Street:
City:
Country:
Tel:

Fax:

Supply Voltage:

ext. programs:
Calibration:
PQA:
SYS61K:
TERM-L5:
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Measuring menu

Globals

Cycle: Aver: Wiring:
Group A

Filter: S Cpl:

Signal Demod:

HP: LP:

Group B

Filter: S Cpl:

Signal Demod:

HP: LP:

Channel 1

Range menu

U jack: | jack:

U range: \ | range: A
U range: auto/manual | range: auto/manual
U scale: | scale:

Sensor-Types, SN:

Voltage menu Current menu Power menu
utrms: Itrms: P:
Uac: lac: Q:
Udc: Idc: S:
Upp: Ipp: PF:
Upkp: Ipkp: f:
Upkn: Ipkn: Z:
Urect: Irect: Rser:
Ucf: Icf: Xser:
Uff: Iff:
linr:
Channel 2
Range menu
U jack: | jack:
U range: \ | range: A
Urange: auto/manual | range: auto/manual
U scale: | scale:

Sensor-Types, SN:
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Voltage menu Current menu Power menu
utrms: Itrms: P:
Uac: lac: Q:
Udc: Idc: S:
Upp: Ipp: PF:
Upkp: Ipkp: f:
Upkn: Ipkn: Z.
Urect: Irect: Rser:
Ucf: Icf: Xser:
Uff: Iff:

linr:
Channel 3
Range menu
U jack: | jack:
U range: \ | range: A
U range: auto/manual | range: auto/manual
U scale: | scale:
Sensor-Types, SN:
Voltage menu Current menu Power menu
utrms: Itrms: P:
Uac: lac: Q:
Udc: Idc: S:
Upp: Ipp: PF:
Upkp: Ipkp: f:
Upkn: Ipkn: Z.
Urect: Irect: Rser:
Ucf: Icf: Xser:
Uff: Iff:

linr:
Channel 4
Range menu
U jack: | jack:
U range: \ | range: A
U range: auto/manual | range: auto/manual
U scale: | scale:
Sensor-Types, SN:
Voltage menu Current menu Power menu
Utrms: [trms: P:
Uac: lac: Q:
Udc: Idc: S:
Upp: Ipp: PF:
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Upkp: Ipkp: f:
Upkn: Ipkn: Z.
Urect: Irect: Rser:
Ucf: Icf: Xser:
Uff: Iff:

linr:

You can directly print out this menus.

Please sketch also the wiring of LMG500 and equipment under test / measuring signals:
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11.3 Maintenance

11.3.1 Calibration

With this precision power meter you have a high end measuring instrument. But you can only
take advantage of it's performance, if the instrument is well adjusted and calibrated. Especially
with the calibration of third party labs there are very often unnecessary problems. If you let the
calibration made by any third party calibration lab, please watch following points:

» The reference instruments might have not the required uncertainty, especially for active AC
power.

A very common error is, that reference sources, which some companies call ‘calibrator’
have not the necessary uncertainty to calibrate this instrument. The calibrators are very
useful for many hand held multimeters, but are often worthless when calibrating active
power. A common candidate for this error is the Fluke 5500A calibrator.

Please keep in mind, that the reference instrument should be at least 3 times more accurate
than the device under test. If not, the precision power meter calibrates the so called
calibrator!

* The reference instrument may be traceable for voltage and current, but it is very rare, that
it is traceable for active AC power with the required uncertainty. Nevertheless it is
common, that calibration labs calibrate active power if only voltage and current are
traceable. This happens very often in the context of national calibration services like DKD,
UKAS, ...

Here it happens regular, that voltage and current are accredited, but not the active power.
So this protocols are worthless for active power!

If a calibration is performed by any third party lab, at least following points should be
calibrated to ensure a proper function of the instrument:

* Voltage and current of all ranges at a frequency near to 50Hz.
* Arepresentative selection of voltage/current range combinations to ensure a proper power
reading

The ZES ZIMMER calibration service offers a traceable calibration of all relevant parameters
and meets the requirements of IEC17025. Our active power calibration is directly traceable to
PTB (Physikalisch Technische Bundesanstalt in Braunschweig).

A further advantage of our calibration service is, that for the case of a service there are no
additional shipping costs and time delays.
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11.3.1.1 Requirements for reference instruments

As generally known the references, calibration sources and/or reference power meters, have to
be in an uncertainty class, which is at least 3 time better than the LMG500. An optimal value is
from 5 to 10 times better.

For the allowed uncertainty of the LMG to be calibrated please refer also to chapter 11.1.1,
‘Uncertainty of measured and computed values’

11.3.2 Adjustment

The adjustment has to be done at{®3C.

ZES ZIMMER offers in principle a way to adjust the instruments outside our factory, if some
technical preconditions are fulfilled. For further information, please contact sales@zes.com

11.3.3 Zero adjustment of the instrument

The zero settings of the LMG can be adjusted without sending the instrument back to the
factory. For this purpose remogé.L relevant measuring cables from the instrument and
switch to the normal measuring mode. Activate the jack, you want to adjust, in the range
menu. Now short circuit the voltage input (U* ogtdwith U). If you have selecte@shsoralso
short circuit Lnsorwith I. 1* and Iy stay open! Short circuit means, not to connect the inputs
with any wire but to connect them as short as possible to get a minimised loop area!

If you want to adjust external sensors connect them, switch to external sensors in the range
menu and don’t enclose any measuring lead with the sensor.

Warm the instrument up for a minimum of 2h.
Now pres<Z-Adj UChn resp.Z-Adj IChn in theMisc. menu (see 4.4.1Misc.’).

Answer the warning witnterif you have setup the instrument correctly. After about 1
minute the instrument is adjusted and a message appears.

If you are in doubt about any detail of this adjustment please contact the manufacturer.
This adjustment is active, while the instrument is switched on. If you switch off and on the

instrument, the factory values are loaded.

11.3.4 Battery

In the instrument is a lithium battery for holding several data. It should be checked after 8
years or when any problems occur. In some instruments the battery is plugged, so it can be
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exchanged very easy. In other instruments it is soldered, so here it is recommended to
exchange the battery in our service department.

11.3.5 Software update

The software of the LMG can be updated by the customer. You get the actual software from
our homepage http://www.zes.com or directly by ZES. You need a PC and a serial cable to
connect COM1 of your PC to ComA of the LMG. It has to be a 1:1 cable without any
crossings or null modem functions, whallewires are connected.

If you start the update software on your PC you will get detailed information how to handle.

11.4 Use with an inverter

The power meters of the e LMG series accord to the protection class 1. A use without an
earthed protective conductor is not permitted. Inverters (e.g. 12Vdc to 230Vac) mostly have
no protective conductor. In this case the LMG has to be wired with a protective conductor at
the rear panel. Refer the safety rules of the working area.
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12 Technical data

12.1 General
Display:

Mains supply:

Storage temperature:

Safety:

EMC:

Dimensions:

Weight:

Colour display, resolution 320x240 Pixel

100...240V, 50...60Hz, max. 150W (depending on options), 2 fuses
5%x20mm T 3.15A H 250V IEC60127-2 Sheet 5

-20°C to +50C
EN61010-1, date according to the declaration of conformity.

Normal environmental condition:
Indoor use, altitude up to 2000m, temperature 5°C to 40°C, maximum
relative humidity 80% for temperatures up to 31°C decreasing linearly
to 50% relative humidity at 40°C

Mains supply:
Measurement category CAT Il, pollution degree 2

Measuring inputs:
Up to 1000V: Measurement category CAT Ill, pollution degree 2
Up to 600V: Measurement category CAT IV, pollution degree 2

IP20 according EN60529

EN61326-1, date according to the declaration of conformity.
EN61000-3-2, date according to the declaration of conformity.
EN61000-3-3, date according to the declaration of conformity.

Desktop, 4chn: 433mm (W) x 148mm (H) x 506mm (D)
19 rack, 4chn: 84HP x 3U x 506mm
Desktop, 8chn: 433mm (W) x 281mm (H) x 506mm (D)
19 rack, 8chn: 84HP x 6U x 506mm

depending on options, about 12.5kg with 4 channels, about 20kg with
8 channels.
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Figure 42: Dimensions of LMG500

In the above picture you see the desktop instrument in combination with the rack mounting kit.

12.2 Display of values
The measured values are displayed with 6 digits. The position of the decimal point is set to the
position which is required to display the maximum allowed TRMS value.

If the TRMS value of a measuring channel is lower than 1.5% of the measurable TRMS value
of the range, all channel values are displayed as 0.0. For example in the 0.6A current range you
get values from 0.018750A...1.87500A and 0.000A. This zero rejection can be switched off,
see 4.4.1,Misc.’Misc.

12.3 Measuring channels

12.3.1 Sampling

The sampling is done synchronously at all channels with about 3MHz per channel.
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12.3.2 Ranges

Capacitance between voltage and current channel: 13pF

12.3.2.1 Voltage channel

Voltage ranges

Rated range value / V 3 6] 125 25 60 130 2450 400 600 3000
Measurable TRMS value / V 36 7P 144 BO 66 136 270 p60 D99 1001
Permissible peak value / V 6 12 265 50 1p0 200 400 BOO 1600 |3200
Overload capability 1000V continuously, 1500V for 1s

Input resistance 4.590, 3pF

Capacitance against earth 31pF

A Notel!

The ‘Measurable TRMS value’ is the biggest TRMS value which can be measure
does not mean that it is allowed to measure with that value, if any security standa

define other values!

d. That
ards

Inputs for voltage sensors with voltage output

Rated range value / V 0.03 0.06 0.1 0.25 0.5 il 2 4
Measurable TRMS value / V 0.03fy 0.075 0.1 0.8 0.6 1.2 2.5 5
Permissible peak value / V 0.06R 0.125 0.2 05 il 2 4 8
Overload capability 100V continuously, 250V for 1s

Input resistance 10Q@k, 34pF

Capacitance against earth  31pF

12.3.2.2 Current channel

Current ranges wide dynamic, I*

IRated range value / A 0.02| 0.04/ 0.04 0.1% 0.9 0.6 1{2 25 |5 [10 (20 |32
IMeasurable TRMS value / A0.037, 0.07% 0.1% 0.3 0.6 145 25 |5 |10 |20 |32 |32
IPermissible peak value / A 0.056/ 0.112 0.224 0.469 0.988 1.875 3.75|7.5| 15| 30| 60} 120
IResistance incl. Jacks n | 710 | 710 710 84| 84| 84 2Y 237 27 8.4 8.4 B4
|Continuous|y overload /A | 5 5 5 5 5 S| 15/ 1% 1% 3P 3 3P
Short time overload 150A for 10ms

Capacitance against earth 31pF

Current ranges high frequent, | ¢

[Rated range value / A 015 oB ole 12

|Measurab|e TRMS value/A 0.2R5 0.45 0. .8

|Permissib|e peak value /A |0.313 0.62% 1.2% 2.%
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Overload capability 5A continuously

Input resistance Ri 100m

Capacitance against earth 31pF

Inputs for current sensors with voltage output

Rated range value / V 0.03 0.06 0.1p 0.25 0.5 il 2 4
Measurable TRMS value / V 0.03fy 0.075 0.15 0.8 0.6 1.2 2.5 5
Permissible peak value / V 0.06R 0.125 0.25 05 il 2 4 8
Overload capability 100V continuously, 250V for 1s

Input resistance 10@k, 34pF

Capacitance against earth  31pF

12.3.3 Uncertainty

An example, how to handle this values, you find in 11.1.1, ‘Uncertainty of measured and

computed values’

Measurement uncertainty

The values are ifi(% of measuring value + % of measuring range)

Frequency DC 0.05Hz..45H#45Hz..65HZ7 3kHz..15kHg 15kHz..100kHz
65Hz..3kHz

\Voltage U* 0.02+0.06 0.02+0.03 0.01+0.02 0.03+0.06 0.1+0.4
\Voltage Wsensor 0.02+0.06| 0.015+0.03 0.01+0.02 0.03+0.06 0.2+0.4
Current I*, 20mA...5A range 0.02+0.0p  0.015+0.03 0.01+0j02  0.03+Q.06 0.2+(14
Current I*, 10A...32Arange (1) 0.02+0.06 0.015+0.03 0.01+0[02 0.10+Q.20 0.3+(6
Current | 0.02+0.06( 0.015+0.03 0.01+0.02 0.03+0.06 0.2+0.4
Current kensor 0.02+0.06| 0.015+0.03 0.01+0.02 0.03+0.06 0.2+0.4
Active power U*/I* (20mA..5A) 0.032+0.06 0.028+0.08 0.015+0J01 0.048+0.06 0.24+O|3
Active power U*/I* (10A..32A) 0.032+0.06 0.028+0.08 0.015+0J01 0.104+0.13 0.32+0|4
Active power U*/Le 0.032+0.0§ 0.028+0.03 0.015+0.p1 0.048+0)06 0.24+0.B
Active power U*/kensor 0.032+0.0§ 0.028+0.03 0.015+0.p1 0.048+0)06 0.24+0.B
Active power Uensofl* (20mA..5A) [ 0.032+0.0§ 0.024+0.03 0.015+0.p1 0.048+0J06 0.32+0p
Active power Uensof* (L0A..32A) [ 0.032+0.0§ 0.024+0.03 0.015+0.p1 0.104+0{13 0.4+0.3
Active power Wensofl He 0.032+0.06 0.024+0.03 0.015+0.p1 0.048+0)06 0.32+0.p
Active power Wensofl sensor 0.032+0.0§ 0.024+0.03 0.015+0.p1 0.048+0)06 0.32+0.p
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Frequency/Hz 100kHz..500kHZl 500kHz.. 1IMHz..3MHz 3MHz..10MHz
1MHz

\Voltage U* 0.5+1.0 0.5+1.( 3+3 fIMHZ*1.2 + /IMHZ*1.2

Voltage Wsensor 0.4+0.8 0.4+0.8 fAMHZz*0.7 + f/IMHz*15 | /1MHz*0.7 + f/IMHz*1.5

Current I*, 20mA...5A range 0.5+1.0 0.5+1[.0 fAMHZz*1 + fIMHZ*2 -

Current |*’ 10A...32A range (1 f/100kHZz*0.8 + f/100kHZz*1.2| _ . _

Current | 0.5+1.0 0.5+1.q 7IMHz'1 +1MHz"2 -

Current gensor 0.4+0.8 0.4+0.8 f/AMHZz*0.7 + f/AMHZz*1.5 | f/AMHz*0.7 + f/IMHz*1.5

Active power U*/I* (20mA..5A) 0.8+1.0 0.8+1.0 flAMHz*3.2 + fiIMHz*2.5 i

Active power U*/I* (10A..32A) f/100kHz*1 + f/100kHz*1.1 - - -

Active power U*/Le 0.8+1.0 0.8+1.q fAMHz*3.2 + fiIMHz*2.5 R

Active power U*/kensor 0.72+0.9 0.72+0.D AMHZ*3 + flIMHZz*2.3 | f/IMHz*1.5 + f/IMHz*1.4

Active power Wensdfl* (20mA..5A) 0.72+0.9 0.72+0.pf1MHz"1.4 + f/1IMHZ*1.8 -

Active power Wensofl* (10A..32A) | f100kHz*1 +100kHz*1 - - B

Active power Wensofl Hr 0.72+0.9 0.72+0.p #1MHZz*1.4 + f11IMHZ"2 -

Active power Wensofl sensor 0.64+0.8 0.64+0.81MHz*1.12 + f/IMHz*1.5| f#1MHz*1.12 + flIMHZz*L.§
. . 30,

D additional uncertainty | > Al’zlA

Uncertainties based on:

A .

of air)
warm up time 1h

calibration interval 1 year

No ok~

Temperature effect:

sinusoidal voltages and currents
ambient temperature (23)°C, no additional heating or cooling (i.e. by sunlight or current

Adjustment was done at 23°C.

Uncertainty at standby power
In the EC directive 2005/32/EC as well as in IEC/EN 62301 you can find requirements
concerning the power measuring uncertainty. A well adjusted and calibrated LMG500

combined with a well adjusted and calibrated shunt will fullfill the instrument uncertainty of 2%
for power=0.5W or 0.01W for power <0.5W. The level of confidence is at least 95%. A well

0.01% of measuring value / K

power range is the product of current and voltage rag@ds<D
Voltage and current axe10% ancc110% of rated range

fitting shunt type, usual measuring conditions and signals are assumed.
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12.3.4 Common mode rejection

The common mode rejection was measured with a sinusoidal voltage of 100V against PE. For
the voltages ranges the signal was fed into the short circuit U and U* resp. W.apdor
the current channel the signal was fed into | resp. | @rpgl(short circuit).

Common mode¢10kHz | U Usensor I* s | sensor
frequency Filter |3V range |4V range 32A range| 0.15A range| 4A range
50Hz off >120dB | >140dB| >170dB | >180dB >140dH
100kHz on >100dB | >140d8 >140dB| >160dB >140dB
100kHz off >80dB >110dB| >130dB | >130dB >110dH

12.4 ZES sensors

Most ZES sensors have an EEPROM implemented in which we have stored the name, scaling,
ranges, adjustment and delay time of the sensor. The LMG500 recognises automatically, which
ZES sensor is connected and sets up the range menu. Further on we correct some of the errors
the sensor produces (transfer error, delay time, ...). So you get the best measuring results with
each sensor.

Due to the EEPROM this sensors offer a plug & play solution for your measuring. The usage
of the LMG sensor input offers several measuring ranges which increase the dynamic of the
connected sensors.

There is a very wide range of sensors available:

» Current clamps, transformers, hall sensors, flux compensated types, flexible Rogowski
sensors, shunts, ...

» Uncertainties up to <0.01%

* Frequency range from DC to several hundred kHz

e Current range from <<1A up to several kA

For the exact specifications of all this sensors you find a detailed manual on the CD which is
delivered together with this manual. If this CD is missing or you have this manual only as PDF
file you can request it via email from ‘sales@zes.com’.

To adapt this sensors to a LMG500 you need a special adaptor, L50-Z14.
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Figure 43: L50-Z214 adaptor

The sensor is connectet to the 15pin jack. With the other side the adaptor is connected to the
LMG500. The two long pins are placed into thg.lfU resp. lensdl jacks, the 9pin SUB-D
connector to the proper sensor ID jack and locked with the two knurled screws.

12.4.1 Several external sensors in a test bench

A common situation in test benches is, that different sensors have to be connected, controlled
by a program. In this case the relevant signals have to be redirected, e.g. by a relais. Relevant
areall 10 signals of the pins 6 to 15 of the 15 pin jack in the L50-Z14!

Important!

First you have to disconnect an existing sensor.
Secondly you have to wait for at least 3s.

Now you can connect the new sensor.

12.5 Filter

12.5.1 10kHz filter

This analogue filter has the following characteristic:

Frequency / Hz | Rejection/dB
10 0.0019

20 0.0005

50 0

100 -0.0004

200 -0.0014

500 -0.0086

1000 -0.0319

2000 -0.1459
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Frequency / Hz | Rejection/dB
5000 -0.8350

10000 -3.16

20000 -14.45

50000 -49.45

12.6 CE Harmonics

Relative deviation betweepndnd frequencysf, to which the sampling rate is synchronised is
<0.015% of f under steady-state conditions.

This instrument is a class | instrument according EN61000-4-7.

Uncertainty
According EN61000-4-7 Ed. 2.0:

U U21%Uomw  +5%Uy,
Un<1l%U,om  +£0.05%Uom

[ 23%lnom +5%lnm
| m<3%lon +0.15%kom

With
m = measuring value
nom = NOMinal value of the range

Please note

The influence of the HF-Rejection filter is compensated for the amplitudes of the harmonics.
The values for U, | and P are rretalculated from the harmonics, but are calculated from the
sampling values to get for example interharmonics and components with higher frequencies
which are not captured by the harmonics. So it is not possible to compensate the influence of
the filters for this values! For the same reason this values can also be much bigger than the
values which can be derived from the harmonics (depending on the signal).

12.7 CE Flicker
According to EN61000-4-15:2011 resp. IEC61000-4-15:2010 this is a class F1 flickermeter.

Uncertainty
Flickermeter: 5% acording to EN61000-4-15, 0.3<k<5.4

d-meter: +0.15% of nominal voltage according to EN61000-3-3
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12.8 HARM100 Mode

Amplitude uncertainty

The uncertainty of the harmonic with the biggest amowat(Hsually the fundamental) and of
the DC part (kb) is calculated as if each part is measured alone (refer uncertainty
specifications of the normal measuring mode).

The uncertainties of the harmonics{Ho., ...) except Hais calculated as follows:
+(0.5*uncertaintyimax + 0.02% of H./kHz)

This uncertainties are valid if the amplitude of the harmonics are higher than 0.1% of the full
scale peak value.

Example: You have a typical spectrum with the biggest harmonic being the 60Hz fundamental
with 1A. You have a 11 harmonic with 0.1A. This spectrum is measured in the 1.2A range.
The uncertainty of the fundamental is 0.01% of 1A + 0.02% of 3.75A = 0.85mA.

For the 11 harmonic you have to calculate the uncertainty liek this: 0.5 * 0.85mA + 0.02% of
1A *0.66 = 0.557mA.

The 0.66 are 11 * 60Hz = 660Hz relative to 1kHz.

Phase uncertainty
+(0.15° + 0.25° / kHz)

This uncertainty is valid if the amplitude of the harmonics are higher than 0.1% of the full scale
peak value.

12.9 Processing signal interface (option L50-0O3)

The 8 functional groups are isolated against each other (for details please refer 13.6,
‘Functional block diagram processing signal interface’). The allowed working voltage is 25V
between the groups. The testing voltage is 500V.

The analogue inputs and outputs have nontih@V signal range, but in fact they are able to
handlet20V resp+11V.

The processing signal interface has two connectors (Analogue/Digital I/O A and B) with the
following inputs and outputs. Each connector is compatible to LMG95 and LMGA450.

» 8 analogue outputs withlOV. The outputs are updated with each measuring cycle for
normal values. All analogue outputs have one common ground (AOut_GND) which is
isolated from all other grounds.
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8 analogue inputs with20V. This values are displayed after each measuring cycle. All
analogue inputs have one common ground (Aln_GND) which is isolated from all other
grounds.

4 digital outputs A (open collector outputs). They are updated with each measuring cycle.
They have one common ground (DOut_GND _A) which is isolated from all other grounds.
4 digital outputs B (open collector outputs). They are updated with each measuring cycle.
They have one common ground (DOut_ GND_B) which is isolated from all other grounds.
4 digital inputs A. They have one common ground (DIn_GND_A) which is isolated from all
other grounds.

4 digital inputs B. They have one common ground (DIn_GND_B) which is isolated from all

other grounds.

1 frequency input A with sensor supply. It can measure frequency and direction of a

rotation speed converter. This frequency input and it's supply have a common ground
(Aux_F_GND_A) which is isolated from all other grounds. Via FIn_5 you can apply the
frequency, FIn_6 gives the direction information. If not used as a frequency input, the state
of FIn_5 and FIn_6 are displayed like a usual digital input.

1 frequency input B with sensor supply. It can measure frequency and direction of a rotation

speed converter. This frequency input and it's supply have a common ground
(Aux_F_GND_B) which is isolated from all other grounds. Via FIn_11 you can apply the
frequency, FIn_12 gives the direction information. If not used as a frequency input, the state
of FIn_11 and FIn_12 are displayed like a usual digital input.

The connectors have the following pinout:

13
L Aux+5v_BJiﬂisz‘12
Aux_F_GND_A—24] ¢ OTH”—S Aux_F_GND B 24] OTH”—“
horsy A28 o OTDOUI_Z rorsv 523 o OTDOUI_G
bou 322 o OTDOut_GND_A bow 722 OTDOut_GND_B
bouta 21, . O?DOut_l bout 821 < O?Dom_s
o3 20 5 ° 7 Din_2 o9 20 o ° 7 Din_8
Din_4—191 ¢ ° 6 Din_1 Din_10—191 o ° 6 Din_7
rout 3 18] o © ; Din_GND_A Ao 718 o ° ; DIn_GND_B
Aot 417 o OTAOut_GND aout 817 o OTAOut_GND
Aln_GND 16| o [ hOu2 Aln_GND 16| o [ A0S
An 3 15 o OTAOut_l A 715 - O?Aom_s
An_4-14lo 7 Aln_2 An_8—14|o | Aln_6
w Aln_1 \3/ Aln_5

Figure 44: Processing Signal Interface Connector A and B

For information how to setup this values see 4.4.P&ycessing signal interface’
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12.9.1 Analogue inputs

Pins: Aln_1 to Aln_8 with AIn_GND

Resolution: 24Bit

Uncertainty: +(0.05% of measuring value + 0.05% of full scale)
Input signal: +20V

Overload capability: -30...+30V

Input resistance: 10@k+0.1%

12.9.2 Analogue outputs

Pins AOut_1 to AOut_8 with AOut_GND

Resolution: 14Bit

Uncertainty: +(0.05% of output value + 0.05% of full scale value)
Output signal: +11V

Output load: <10mA

Impedance: <0

12.9.3 Digital outputs A

They are open collector outputs (see 1Fanctional block diagram processing signal
interface’).

Pins: DOut_1 to DOut_4 with DOut_ GND_A
Output high impedance: max 60V@ 1090
Output low impedance: max. 0.9V@100mA

Reverse polarity: max. -1V@-100mA

12.9.4 Digital outputs B
They are open collector outputs (see 1Fanctional block diagram processing signal

interface’).

Pins: DOut_5 to DOut_8 with DOut_ GND_B
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Output high impedance: max 60V@ 1090
Output low impedance: max. 0.9V@100mA

Reverse polarity: max. -1V@-100mA

12.9.5 Digital inputs A
Pins: Din_1 to DIn_4 with DIn_GND_A

Input signal:  Wymin = -60V@0.001mA, Wymax = 1.3V@0.03mA
Unigmin = 3V@1mA, UYigimax = 60V@1.5mA

12.9.6 Digital inputs B
Pins: DIn_7 to DIn_10 with DIn_GND_B

Input signal:  ,ymin=-60V@0.001mA, iJ,max=1.3V@0.03mA
UnigtMin=3V@1mA, Uigxmax=60V@1.5mA

12.9.7 Frequency input A with sensor supply

Pins: Frequncy input FIn_5
Direction input FIn_6
+5V supply Aux+5V_A
-5V supply Aux-5V_A
Ground Aux_F_GND_A

Input signal: Wwmin=-30V@-3mA, W,max=0.6V@0.001mA,
Unigtmin=2V@0.002mA, Wy:max=30V@2.5mA

Input resistance: 1M @0V<Uin<5V
10kQ @-30V<Uin<30V

Frequency range: 0.05Hz (depending and cycle time) to 6MHz
Uncertainty: +100ppm of reading

Auxiliary supply: +5V, 10% @ 100mA

12.9.8 Frequency input B with sensor supply

Pins: Frequncy input FIn_11
Direction input FIn_12
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+5V supply Aux+5V_B
-5V supply Aux-5V_B
Ground Aux_F_GND_B

Input signal: Wwmin=-30V@-3mA, W,max=0.6V@0.001mA,
Unigtmin=2V@0.002mA, Wy:max=30V@2.5mA

Input resistance: 1M @0V<Uin<5V
10kQ @-30V<Uin<30V

Frequency range: 0.05Hz (depending and cycle time) to 6MHz

Uncertainty: +100ppm of reading

Auxiliary supply: +5V, 10% @ 100mA

12.9.9 Sensor supply

The functional group ‘frequency input with sensor supply’ can be connected directly to usual

incremental sensors:

HTL version

(Supply 8...30V, max. 100mA, differential output):
Aux+5V to: +Ub

Aux-5V to: ov

Shield of Sub-D to: Shield of cable

TTL version
(Supply 5V, max. 100mA, TTL output):
Aux+5V to: +Ub

Aux_F GNDto: 0OV
Shield of Sub-D to: Shield of cable

12.9.10 Frequency/direction input

Incremental sensors without direction information

Connect them to FIn_5 resp. FIn_11 only. Let FIn_6 resp. FIn_12 open!

Incremental sensors with direction information

Connect the frequency track (usually track A) to FIn_5 resp. FIn_11.
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Connect the direction track (usually track B) to FIn_6 resp. FIn_12.

A positive frequency is displayed, if the direction signal is high at the rising edge of the
frequency signal.

A negative frequency is displayed, if the direction signal is low at the rising edge of the
frequency signal.

If this is opposite to what you want, change the tracks or use a negative frequency scaling.

12.10 Timebase

The timebase which controls the energy measuring and the internal clock has an uncertainty of
+100ppm

12.11 Frequency measuring

0.05Hz...3MHz+100ppm

12.12 Scope memory

Size: 1048576 words for u,
1048576 words for i,
1048576 words for p,
together for all channels of one instrument resp. one master or one slave.
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13 System design

13.1 Further connectors
13.1.1 External Synchronisation (Sync.)

13.1.1.1 Sync. connector

/\ , |
o —2— Frequency in
Trigger in—181 o N c CCI‘e - ¥
Control in — 14| ¢ 6 ¥
ol 6
Ground—13 o 5 Ground
12 o —— n.c.
+5V / 100mA o 4 e
o .C.
Ground—1 o o 3 Ground
. 10 — u
Trigger out 9 ° o2 Frequency out
Control out o 1
Y/i Cycle out

Figure 45: Sync. connector

13.1.1.2 Pin configuration of the ,Sync. connector”

For the connection a 15 pole D-Sub plug with the following pin configuration is necessary:

Pin | Meaning Pin Meaning

1 Cycle out 9 | Control out

2 Frequency out]|] 10 Trigger out
3 Ground 11| Ground

4 Do not connecy] 12| +5V/100mA
5 Do not connecy| 13| Ground

6 Ground 14| Controlin

7 Cycle in 15 | Trigger in

8 Frequency in

13.1.1.3 Signal Level

All in- and outputs have CMOS - Drivers with 5V level. The supply of external sensors /
drivers is provided at pin 12 with 5V and an Imax of 100mA. All in - and outputs are low
active (0V), what means the idle level is high (+5V).
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13.1.1.4 Function of the signals

Frequency in

Maximum 100kHz frequency synchronous to the frequency of the measured signal. If the LMG
is set to Ext. Sync. this frequency is used for synchronisation. The rising edge of this signal
replaces the positive zero crossing of the usual sync detector.

Frequency out
Measured frequency of group A, depending on the synchronisation source of the group.

Control in

Control of the energy measurement. With the next high low transition the integration is reset
(if summing mode is inactive) and started. The integration stops only at transitions from low to
high. The functionality of the transitions:

high - low start key
low - high stop key

Control out
Status of the energy measurement high level if the integration is stopped, low level if the
integration is running.

Cycle in

Control of the measurement cycle. The period must be longer than 50ms and shorter than 60
seconds and longer than the period of the measured signal. The pulse duty factor can be 50%.
Example: To measure a 5Hz signal the measurement cycle must be bigger than 200ms.
Attention: Use only with valid control periods otherwise there can be a system fault of the
meters. This input is normally not used.

The rising edge of this signal finishes one cycle and starts a new one.

Cycle out
Pulse for about 35 per measurement cycle.

Trigger in/out
not used.
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13.1.1.5 Synchronised measurements of two LMG500

Following a possibility is described, how two LMG500 can perform synchronized
measurements. Please don’t mix up this posibility with the combining of two LMG500 to a real
8 channel instrument. For a real 8 channel instrument you need a connection cable L50-Z13
and have to bring one instrument into the slave mode (see chapterMigcl,dnd chapter

3.4, ‘Coupling of two LMG500 (L50-Z13) for a 8 channel instrument’).

13.1.1.5.1 General

Two LMG500 (or also LMG450) may measure synchronous if they are connected with the
option L45-Z13 ,Master-Slave cable”. Because of this the measurement of even 8 phases in
four groups is possible. In the following documentation the groups are named: group Al and
B1 are the groups of the first LMG500. Group A2 and B2 are the groups of the second meter.

13.1.1.5.2 Connection of the meters
The Master-Slave cable must be fitted to the ,Sync“-sockets of both meters. The cable is

symmetric, so there is no wiring direction.

13.1.1.5.3 Pin configuration of the Master-Slave cable L45-Z13:

Plug 1 Plug 2 Signal ST1 ST2
1 7 Cycle Out In

2 8 Frequency | Out In
9 14 Control Out In
10 15 Trigger Out In

7 1 Cycle In Out
8 2 Frequency | In Out
14 9 Control In Out
15 10 Trigger In Out

Ground and Screen are connected to pin 3 of both plugs.

Synchronisation stages, Set-up of the Meters
The synchronisation of the measurement can be done in different stages. Each stage is
independent to all others.

A) Synchronisation of the measurement signal

This stage has no master-slave functionality. The inputs ,Frequency in* are connected with the
synchronisation frequency of group A of the other power meter. The adjustments of this
parameter can be set separately for each group in every meteMaabkeremenu withSync
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Because of this all groups can synchronise the measuring of one common signal.
Example for the settings:

Group Al of the first meter is set to ULl.

Group A2 of the second meter is set to Ext., by this the synchronisation is set to U1 of the first
meter.

Group B1 is set to Ext., by this it gets the synchronisation frequency via A2 what means U1.
Group B2 is set to Ext., by this it gets the synchronisation frequency of A1 what means U1.

If the groups A of both meters are set to Ext. there is no common synchronisation frequency
and the measuring is asynchronous.

B) Synchronisation of the measuring cycle

This stage has a master-slave functionality!

For a simultaneous generation of the measuring values of two LMG the measuring cycle of the
meters has to be exactly the same. Therefore the cycle time of the slave meter can be set to
Oms in theMeasure(refer 5.1.1 Gbals tab) menu.

In the status bar ,,0 Ext” is shown and the green bar flashes every second.

The measuring values of both meters are now generated at exactly the same moment and a
comparison of the values is possible.

Because of the master-slave meaning this adjustment can only be set in one meter. If both
meters are set to Oms the measurement stops!

C) Synchronisation of the energy measurement

This stage has no master-slave functionality but a control of a master LMG is recommended (if
existing from the last top).

The energy measurement of both meters has to be set to the same mode and should be reset
(refer 5.4.5.1 Integratiomenu).

The measurement can be started and stopped mutual with the keys ,Start* and ,Stop“. A
remote controlled measurement is also possible (see the following section)

D) External synchronisation signal

If the measurement should be synchronised to an additional external signal, this signal has to be
connected to the pins of the D-Sub plug. The plug fitted to the meter which should be
synchronised external has to be opened and the ,Freq” and ,,Control“ inputs must be
disconnected. After this the external signal can be connected to this inputs.

If the signals are connected to the master LMG also the slave LMG can use them, because the
master outputs are still connected to slave inputs:

Pin 8 Input for the external synchronisation frequency

Pin 7 Input for the cycle
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Pin 14 Input for the control signal for energy metering

The connections at this pins of the master plug can be unsoldered and own signals can be
connected.

Ground should be connected to Pin 6, 11 or 13.

13.2 Functional block diagram LMG500

chp 1/9-Chn | & ——IChannel Extention |
" S - {Processing Signal
chn 2 Y-Chn o  IEEE488.2 |
" DSP §§ ~——COMAB |
a5
Chn 3/ chn =
Add. - < Supplyr——
DSP =1
o=
58
|0

Figure 46: Functional block diagram LMG500

13.3 Functional block diagram voltage channels

LP

LFE AM Dem. Tﬁﬁ HP2 %Sync. - DetectionH‘ Iso ‘

ADC Iso

HF AM Dem. Adj. —l HP1

i

E;;

E

Usensor o

—{ Overflow Control ‘ Iso

Figure 47: Functional block diagram voltage channels
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13.4 Functional block diagram current channels

HF AM Dem. Adj. HP1
LP —l

2

-
PGA Tﬁ# HP2 %Sync.-DetectionH Iso ‘

E

0
PGA
1 ADC
Isensor |

—{ Qverflow Control }

Figure 48: Functional block diagram current channels

13.5 Functional block diagram computing unit
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Figure 49: Functional block diagram computing unit
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13.6 Functional block diagram processing signal interface

Main Processor
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Figure 50: Functional block diagram processing signal interface
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14 Glossary

Catchword Meaning

100 Harmonics Mode in which 99 harmonics of U, | and P are calculat

A

AAF [0 Anti Aliasing Filter.

AC Alternating current; instantaneous values of voltage and
current are time depending signals which have positive and
negative values.

AC coupling Used to remove the DC parts of a signal by using a hig

filter.

| pass

AC+DC coupling

Couples the complete signal without rejecting any partg.

Active energy

Energy which is consumpted by the (usually ohmic) loap.

Active power

Power which is consumpted in the (usually ohmic) load

Actual flicker level Pmom

[0 Instantaneous flicker level.

Aliasing

Distortion caused by signal parts, which are created thrgugh

the violation of the sampling (Nyquist, Shannon) theorer

L

(bandwidth> %2 sampling frequency). This can be preverged

by using] Anti Aliasing Filter.

Allowed limits

Limits which are declared in standards.

AM

Amplitude modulation; one signal is multiplied with anot
one; A typical example is a rapid fire control, where a 5
sine wave is modulated with a slower rectangular signal

r
Hz

Amplitude error

Error in the modulus of a measuring result.

Amplitude modulation

U AM.

Analogue 1/0

Analogue input and output, the LMG series supplies fo
separated inputs and outputs for analogue signals: 0-10

—

r
V.

Analogue Input

(0 Analogue I/0O.

Analogue Output

(0 Analogue I/0O.

AND Condition Register

Register in which a flag is set, if two conditions are trug.

Anti-Aliasing-Filter

Filter which cuts off signal parts which might produce
aliasing.

Apparent energy

Energy which seems to be consumpted by the Idad;

Apparent power. It is the integration of the apparent poyver.

Apparent power

Power which seems to be consumpted; it is calculated
Urrms * I trus Without taking care on the phase angle

by

between them.
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Catchword

Meaning

Application note

Several measuring or wiring problems are described in
application notes of ZES ZIMMER; available also at the
ZES homepage: www.zes.com.

Arbitrary block response data

[0 Defined length arbitrary block response data.

ASCII format

Format which bases on the American standard code of
information interchange with 128 symbols.

Autorange

Function which changes the ranges of the current and
voltage inputs automatically, depending on the signal.

Auxiliary transducer supply

Some transducers need a separate supply. The LMG
provide this supply.

Can

Averaged values

This values are averaged over a constant number of
measuring cycles.

cy,

data

nput

B

Bandwidth Frequency range from the lowest to the highest frequer
which can be measured or used.

Bargraph Display of the values symbolised by bars; A typical bardraph
is the spectrum display.

Basic wave The signal part with the lowest frequency in the signal
(except DC part).

Baud rate Transfer speed of the bits in a serial data stream.

Binary Numerical system based only on to values: 0 and 1, the
is represented only by this two binary values.

Bitmap Format of drawing or photos.

Burden Total load of a current transducer including wiring and i
resistance.

C

Calibration according to 1ISO9000

Testing of the meter uncertainty traceable to nationaljor

international standards.

Capacitance against earth

Each channel has a capacitance against the earth ; t
cause systematically measuring errors which can be
corrected.

Nis can

CAT Il

Overvoltage class for usage in normal building nets.

CAT Il

Overvoltage class for usage at the PCC (point of comme@n

coupling)

CE harmonics

Harmonics measured according to EN61000-3-2; this
requested for the CE sign.

lestis

CE-Flicker

Flicker measured according to EN61000-3-3; this test i
requested for the CE sign.
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Catchword Meaning

Channel Hardware which acts as an interface between the test cfrcuit
and the instrument, these are U, | and P channels (P:UI‘I).

Charge The integration of the current over the time; this chargg can
be stored for example in an accumulator the unit is Ah.

Class A, B, C,D Different kinds of equipment under test for EN61000-3}2
tests are assigned to this test classes.

COM interfaces Serial Interface, mostly 9 pole SUB-D socket or 25 pole
SUB-D socket.

Comma separated Data format in which each value is separated by a ;.

Command set A couple of commands to remote control the instrumeft

Common mode rejection Relation of the displayed value to a common floating ggnal

on all inputs of a measuring channel; a high common mqde
rejection is necessary for good uncertainty.

Condition instruction Instruction which will only be executed if a condition hak
been fulfilled.

Constant Value which will not change over time.

Continuous measuring Measuring without any gaps.

Core parameter measuring circuit The core parameters, like hysteresis and magnetic flgix, can
be determined through power measuring.

Correct current You can only measure one of these parameters in the cprrect

Correct voltage measuring way, because the impedance of the voltage / current chfinnel

has an influence on the measuring channel. This is a
systematically measuring error, which can be corrected.

Coupling This defines which parts of a signal are fed into the nex
stagel]l AC coupling.

Crest factor Ratio of peak value to TRMS value; very important when
using analogue instruments.

Current clamp Tool to measure currents; work like a removable
transformer.

Current transducer Similar to current clamps, but placed unremovable in the
measurement circuit.

Cursor Representation of the place on which the next text inpuf will
follow; in graphics the cursor marks a special point of the
waveform.

Custom menu Menu defined by the customer himself.

Cycle time Time which defines a measuring cycle must be higher than
the period time of the basic wave.

D

D.U.T. ‘Device under test’: equipment which should be measurgd.
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Catchword

Meaning

Data output format

Format which is used to transfer data from the meter tp a PC

or data logger.

DC value

‘Direct current’; signal without alternating components.
signal is constant over the time.

IThis

Default parameters

Parameters defined by the manufacturer; the instrument is

set to this parameters when it leaves the factory.

Defined length arbitrary block

response data

Data transfer in blocks with a defined length and randon}
contents inside the blocks; there can be for examplé the

EOS character which will be interpreted as data instead
EOS. The fastest way to get data.

lof

Demodulation

Inverse function td] modulation; remove the carrier and
you get the signal you want.

Desired integration time

Time in which the power is integrated, set by the user

Device

Every meter or equipment take place in the measuremgnt

(Printer, PC ...).

Device under test

U D.U.T.

DFT algorithm Discrete Fourier transformation; operation with discreteg
values using the Fourier integral to get the harmonics ofa
signal.

Digital filter Filter built up with digital components and software.

Digital Input Like O Analogue inputs the LMG series provides digital

inputs, to read external states.

Digital Output

Like O Analogue outputs the LMG series provides digitql
outputs, which can be used to signalise states (e.g. alarn

outputs).

DIP switches

Small hardware switches to set up a meter parameter,
communication speed.

flike

Direction input

Input for motor testing to measure the rotary direction ¢f the

motor.

Dot joiner Connects the dots of the measured graph; it improves the
look of a graph.

E

E.U.T. 0 D.U.T.

Echo Repetition of characters sent via the RS232 to the
instrument.

Edit line Line in which you can change a value or text.

Efficiency measurement

Efficiency is the relation between the output power an
input power of an E. U. T.

1 the
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Catchword

Meaning

EN61000-3-2, EN61000-4-7
EN61000-3-3, EN61000-4-15

Standards which describe the harmonic measuring
Standards which describe the flicker measuring.

End of string character

<If>*, ‘<cr>, <cr><If>* are examples for EOS charactefs.

Energy

Integration of the power which is consumpted by a
consumer or a device in a defined time.

envelope It is the curve which covers a mixed frequency signal
connecting the peak values of the fast frequency; a curve
defined by EN61000-3-2 to define if a device belongs to
Class D or not.

EOS 0 End of string.

Equipment under test 0 D.U.T.

ESC key Key used to cancel an entering mode and to quit an erfor

message.

Extended Trigger

Mode in which the trigger conditions can be setmyp
differentiated to measure even modulated signal.

External current transformer

Device to transform high currents to lower ones.

External shunt

Changes currents into voltage with defined ratio.

External synchronisation jack

Input for an external synchronisation source.

F

Falling edge Opposite of rising edge; the logic signal turns from the high
potential to the lower one.

FIFO First in first out; method how the in- and output of memgry
is handled.

Filter Device which cuts off frequencies which are not useful; §.g.

high pass filter cuts off low frequencies.

Flicker meter

Device to measure flicker levels.

Fluctuating harmonics

Harmonics not constant over time.

Form factor

Ratio of TRMS value to rectified value; older meters copld
only measure the rectified value and multiply it with the fprm
factor to get the TRMS value. The problem is, that the fprm
factor depends on the wave form. So with other wave fqrm
you get an error. Modern instruments like the LMGs
measure independent to the form factor, so you measute
always correct.

Formula editor

Here you can set up formulas which will calculate differ|
parameters from the measured values.

9%

Freeze

The display values are not updated any more.

Frequency

Speed in which the period of an alternating signal repehts.
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Catchword

Meaning

Frequency divider

Changes a high frequency into lower frequency by divig
with an_integer number.

ion

Frequency domain view

The signal is shown as spectrum over the frequency.

Frequency range

[0 Bandwidth.

Full scale value

Highest measurable instantaneous value in the choser

range.

Fundamental

[0 Basic wave.

G

GPIB interface

General Purpose Interface Bus socket to transfer datal
meter to PC and opposite.

from

Graphical display

Representation of the measured values via time or
frequency.

d.

H
Half wave value Values measured over the half time of the signals perid
Harm100 [J 100 Harmonics.

Harmonic analyser

Device to measure harmonics.

Harmonic order

Describes which order the harmonic has; e.g. of a 50HEg

signal the order of the 100Hz harmonic is 2, its the secd
harmonic.

nd

High impedance state

The digital output has a high impedance; the transistagy is in

blocking mode.

Hyperterminal

Software to exchange data between a PC and a device
included in Microsoft Windows.

al to

Hysteresis Difference between the switching level of the rising sign
the switching level of the falling signal.

I

I/C indication Indication if the load is inductive or capacitive.

Identifier Text string representing a measuring value.

IEC61000-3-2, 2-3

J EN61000-3-2.

IEC61000-4-7, -4-15

(J EN61000.

IEEE488.2 interface

[0 GPIB interface.

IF/IO

Key for the set - up menus of interface and processing S
interface.

gnal

Inaccuracy of display

Because of the limited numbers on the display the disglayed

values have an error caused by the display (this is akvay
digit).

S

InCa flag

Flag which is set depending if the load is inductive or
capacitive.
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Meaning

Input resistance Ri

Resistance of the input of the measuring channel.

Inrush current

Very high current at the start of a device or appliance;
can be 5 ... 100 times bigger than the current at normal
operation.

his

Instantaneous flicker level

Time-dependent output signal of a flickermeter (outpyt 5),

which simulates an actual reaction of men’s brain to the
variations of light brightness caused by fluctuation of the
supply voltage.

Instantaneous value

The value of a signal at one point of time.

Int. Time

Interval time; for example for integration.

Int. Value

Interval value; they are measured while lthdnt. Time.

Integer number

Number without decimal position.

Integration mode

Mode in which the energy is calculated.

Interface

Adapter for the connection between two devices.

Interharmonic

Sinusoidal components with a frequency which is not g
integer time of the fundamental.

-

Internal beeper

Like the PC speaker; to signalise errors.

Interval Fixed time period.

ISO9000 Standard to guarantee the quality of devices or applianfes.
L

Level Height of a value.

Logical devices

Log or remote; if log printer, RS232 or MCM is meant,
the question of the physical device.

S

ser

Limit Border of a value.

Linefeed <If>, hex0A, dec10; jump to the next line; historical from
typewriter, is the most comman EOS character.

Local In this mode the LMG can be controlled directly by the U
at its keyboard;] Remote control.

Logarithmic display Display scaled with logarithmic axis.

Logging Store data to memory, printer or any other storage devijce.

Long number

4 Bytes.

Long term flicker level PIt

A result of weighted averaging of short term flicker leve
over a time period which typically equals to 2h.

S

Loop area Inner area of a circle is a loop area.
Low-Pass Filter Cuts off high frequencies.

M

Mains Line supply.

Mains switch Switch to start up the instrument.
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Meaning

Manual range

The range settings have to be done by the user.

Measuring converter

Adapter to connect a meter to theD. U. T.

Measuring cycle

Cycle set up from the user. After this time the meter
calculates new values. The exact time depends on the
synchronisation frequency.

Measuring settings

All parameters of the meter which influence the
measurement.

Memory card

Random access memory card to store data.

Menu

The whole measurement settings are divided in menus
a better survey.

[0 get

Miscellaneous

In this menu you can set up several parameters which
no direct influence on the power measurement, like con
time and date.

have
rast

Lirrent

Multimeter Meter which can measure several values like voltage, ¢
and resistance.

N

Nibble Half of a byte; upper or lower 4bit.

Noise Usually random signals with a high bandwidth which are

superposed to the useful signal.

Nondecimal numeric program data

Data which can be represented as string instead of g
e. g. ‘Cont on’ instead of ‘Cont 1'.

numbel

Non-linear component losses

Losses caused by non linear loads like inductivities o
capacitors or amplifier circuits.

Null modem

Type of serial connection between a PC and another d¢vice;

the connection cable has two crossed conductor pairs.

O

Open collector outputs

Passive outputs where the user has access to the collector of

the output transistor. You have to connect an external
voltage supply to this collector to use the output.

Operator

Instruction which is taken into the calculation: +, -, *, /.

Option Key

A string which can be used to implement software optig
when the LMG is at the customer.

NS

OR Condition Register

Register which becomes true if an or condition is fulfillgd.

Order

[0 Harmonic order.

Overload capability

A value how far a channel can be overloaded for a spg
time.

cial

Overload condition

The instrument is in overload condition while the applig

signal is too big for the selected range.
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P
Packed Data are transferred binary instead of ASCII format

Parallel interface

[0 Serial interface; here the data is transferred in parallg.

hnd

Parity Even or odd number of 1's in a binary data block; The YMG
works without parity.
Parsing The LMG tries to interpret a formula or interface string

to react correctly.

Partial odd harmonic current

The harmonic content of order 21, 23 ...

PCMCIA memory cards

0 Memory card; PCMCIA is the old name for the PC -
Card standard.

Peak current ranges

Ranges with quiet small allowed TRMS values (becal
the heating up of the shunt) but very big allowed peak
values; very useful to measture Inrush currents.

se of

Peak value

Value measured from the zero line to the highest peak
signal.

of the

Peak-peak value

Measured from the lowest to the highest peak of a siqnal.

Periodic integration mode

In this mode the integration interval is repeated periodjcally.

Phase

Conductor of the high potential; typically marked with L

Phase angles

Usually the angle between current and voltage.

Phase error

The error in power caused by an additional phase shiff
measuring equipment, for example the additional phase
of a current clamp.

in the
shift

Physical device

Hardware, device (RS232, printer, GPIB...).

Plot function

Mode in which cycle values (e.g. voltage, frequency, ...
displayed over time.

are

Power

The energy of a time interval divided by the internal time

(e.g. cycle time); so the power is always an averaged vdlue!!

Power factor

Relation between active and apparent power.

Power measuring channel

0 Channel.

Power supply

Source which provides the necessary voltage.

Pretrigger

Time before the trigger condition, while which sample v
are stored.

hlues

Printer header

Upper line of the printer like a title or headline.

Printer output

Socket to connect a printer.

Processing signal interface

Board with Analogue or Digital outputs.

Protocol

Arrangements for communication between devices.

Pulse controlled currents

A modulated current controls the device’s power; likejin a

hot air fan the rapid fire control.
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R

RAM Random access memory; you can read and write to thig
memory.

Range The measuring range defines the biggest measurable gjgnal.

For best accuracy the range should be used for at leas}|66%.

Reactive energy

Energy which oscillates between source and load withput

being consumpted.

Reactive power

Averagell Reactive energy.

Real measuring time

Time in which the measuring is made, dependd arycle
time and] synchronisation frequency.

Record rate

Ratio in which the sampled values are stored in memo

Y.

Rectified value

The average value of a rectified signal; measured by mpny

analogue instruments form factor.

Remote control

You can control the LMG via a connection to a PC.

Resolution Resolution isnot 1 Accuracy!!! In the LMG are two
resolutions important: the analogue to digital converter has
16bit resolution, the display has 5 or 6 digit resolution.

Rise time Time in which the signal rises from zero to the maximurp (in
practice from 10% to 90%).

Rotary knob Knob used to set up parameters in the meter or move the

Cursor.

Rotation speed

Speed of the shaft of a motor; rpm.

RS232 interface

[0 Serial interface.

RTS/CTS

[0 Protocol to control the data flow of_a Serial interface

S

Safety socket

Connection with high safety against electric shock.

Sample memory

Memory to store the sampled measurement values.

Sample value

Value of a signhal measured at a defined tile
Instantaneous Value.

Sampling frequency

Frequency with which the samples of a signal are takegn.

Scaling

Resolution of an axis or factor which has an influence ogn the

measured value.

Scope function

In this mode the LMG works like an oscilloscope and
displaysl] Sample values.

SCPI commands

A standardised set of commands to remote control the¢

LMG.

Sensors

A small external device which converts a current or vol

Iage
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to a signal the LMG can measure.
Serial poll A PC program can ask every connected instrument in S

if it has data to send. Used by GPIB.

SHORT headers

Shorter set of commands, equivalentitdSCPI.

Short term flicker level

A result of statistical processing of instantaneous flicke]
level quantities over a time period, which typically equalg
10 min.

[

Shunt input

eries

to

Special socket to connect the small voltages of an extgrnal

shunt to the correct channel.

Shuttle knob

[0 Rotary knob.

Signal coupling

[0 AC coupling; This coupling affects the measured values.

Signal source

Where you get a signal from; e.g. frequency generator

Slewrate

Relation between the voltage rise and the used time.

Softkey

This keys change the meaning depending on the menu

Software options

Options which can be installed with software.

Software update

Updates your software of the LMG. Available on the
homepage: www.zes.com.

Status byte register

Register in which several flags are set according to the status

of the LMG.
String Characters lined up in a row.
Sub menu A subdivision of a menu.

Synchronisation

Periodic signals have to be measured for an integer nymber

of periods. So the LMG must synchronise it's measuring
the signal to get stable values.

System time Main time of the meter.

T

Table Special format for output of measuring values in a table
Terminal Each device which takes an account on a data transfer.
Terminal program 0 Hyperterminal.

THD values Total harmonic distortion, relation of the harmonics of g

signal to the fundamental.

Time depended signals

to

Signal of which the values change depending on the fme.

Time domain views

Values are displayed over time.

Total Harmonic Current

Sum of all harmonics starting witto2der.

Total harmonic distortion

U THD.

Total harmonic distortion factor
including noise (THD+N)

[0 THD with included noise.

Transient

A short, unusual event on a signal.
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Catchword

Meaning

Transient mode

Mode in which events can be recorded.

Trigger condition

The trigger starts depending on this condition.

Trigger level Level on which the trigger starts.

Trigger signal Signal which gives the trigger event.
TRMS (1 True root mean square.

True root mean square The average of a squared signal.

V

Variables Values calculated byl Formula Editor.
Visual display Display what you can see in the moment.

Voltage transformers

Changes voltage levels.

Z

Zero crossing

When the signal passes the zero axis. The positive zeffo
crossing is usually used far Synchronisation.

Zoom

Zoom in: enlarge the display
Zoom out: reduce the visual display.
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*RST Default value.............ccooviieeeiiiiiiieeeeeen. 143 basiCwave.........cccooiiiiiiiii e, 135
o7 11 = 263
] BMP2PC...... e 243
0 01T 140 C
JAONIY/ .. 139
calculating the measurment uncertainty................ 249
calculation of measuring values...... 95; 119; 128; 134
< calibration..........c.ccceeiiiiiiiiii e, 262
capacitance against earth............cccccccvnnnnn. 267; 268
S 15 o 1= | - 140 CE-flicker measuring Mode............cccoeevvvreeeen.. 127
CE-harmonic measuring mode............ccccccvvennnnnnnn. 117
ChArgE. ..o 106
1 COIOUIS. ..ttt 64
100 NaMOrIcS Measring Mode........ 135 Coma e
COMMANGS......cciiiiiiiiee e 141
38 Common mode rejectiQn..........cccoeeveeeeeeeeeeeeeeeeeee, 270
condition INSErUCtION............veeiiiiiiiiiie e, 74
8 channel INStIUMENT ......vveeeeeeeeeeeeeeeeeeeeee e, 57 CONMIGUIANION...oosoooooo v 89117 127,133
default........ccooooiiii 83
10Ad.... . 83
A T2 LT PP RPTTN 83
configurations
AC e 104; 120 saving and restoring..............oooovnivinninniii, 83
ACHVE ENEIGY. ... rveoeeeeeeeeeeeeeee oo, 106: 107 connection of the LMG500...........cccceeeiiiiiiiiieeeneennnnn. 49
active impedance...........ooovveeeeeee e 105 CONMNECIONS. ... 60; 238
ACHVE POWE. ... 104: 107 fUher. ... 279
analogue l/O......ccovviiiii i 63 CONSIANIS. .oovevvrmertinemcnssnsnt st 75
ANAIOGUE INPULS ... 68: 274: 275 COUPIING...ceiiiiiie e 90
analogue OUPULS...........covvvvvvvvveeeeeeiinnns 68; 273; 275 Coupling of tW0 LMGS00.........cooovveieneenans o7, 281
ANGIE. e 105 CreSfACION ..o 104; 120
apPArent ENEIgY........ooeeeeeeerunieeeeeeeiieaaaaaaeens 106; 107 current......... 59;104; 109; 119; 1217 129; 130; 135; 137
APPArENt IMPEAANCE.........eee oo, 105 delay..... .................................................................
APPArENt POWET......eieeieeieieeeiie e e eeiees 105; 107 sensor input
Aron..... 33: 34: 35: 36: 43: 44: 89 SUIM <o
WIEING e et e e a e 53 CUITENT FANGES...covervrmnntiirssessemsst sttt e,
AULO FANGE. ... eieie et e ettt e e e e e e eeaas 94 current sensors....
AULD ZEFOe 263 [oTU LY (] o o P
AULOTANGE ... eeee et e ettt e e e e e e e e eea e 93 CUSIOM MENU.....ooovniiins 71,1167 125; 131; 138
QVETAGE VAIUES .....ov.oeeoe oo 106 CYCIB. e 89
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5 ISR - Tox (o) VAT 1. o 3 49
data 122 o R 249
MNP0 e 247 features and application areas ..........ccccceeeeeeeeeeiecccnnnns 27
data logging..........ccceevvvvvvnnnnns 116; 125; 131; 138; 241 FIEE e 90; 118; 271
date SPECIfICAtiONS ... 271
SELUP Of e 64 FICKET e 130
OC s 129  fliCKer MOUE.......coviiiiiiiiiiiiiiiieee e 127
DCValuB....cooo i 104; 120 floppy disk drive............ouuuiiiiiiiiiiii e 246
default.....c.oooeveviiiiiiiiiiieciis 59;109; 121; 129; 136 flOPPY AriVE.....eieeeeeeeeeeeeee s 241
default SEttNGS ...ovvviieieiiiieeeie e 49  fluctuating harmonics..........ccccovvvvvviiieieeeees 118
Default value...........cooiiiiiiiiiiiiiiieeiieeee e 143 fOrM fACTOL ... eeeiieeee e 104
definition of measuring values......... 95; 119; 128; 134 format
(0 T Y 94 (o111 10 ) R 244
delete formula editor...........coeviiiiiii 73
LS1=] (U] o ISR TSSPPN A9 fIBBZE. e 60
differential INPULS ......oovvvviiiiiieiiieiieiieeieeieeieeeeeeeeeeeeeeeeee 68  freqUENCY INPUL......cooeeee e 81
digital INPULS ...evvveieieiiiiii e 69;.274 freqUENCY INPULS..........evvveeeiiiiiiiieneeeeeen 274; 276
digital INPUES Ao 276 Frequency Measuring..........cceouuueumrieeeeeeeenianiinnnns 278
digital INPULS B....oeeeiieee e 276 frequently asked qUESHIONS............eevvvvneeeieniiinnnnn. 249
digital OULPULS........evviieiiieeeiiiiiiiieeecee e 70;.274 Fresnel diagramm...........ccccvveiiiieiieiiniiiieeceeeeen 115
digital QUIPULS A..coooiiiiiiiiiiee e 275 froNt PaNel......cooiiiiiii 59
digital outputs B function fault...........ccoeei 257
AIMENSIONS. ... functional block diagram
ISPIAY. .. eeee e 63 COMPULING UNIL...coiiiiiiiiiiiceeee e 284
display of values current channels...........ccccceeie, 284
[0 [0 T ¥ RS PURT LMGSBO00...... e 283
processing signal interface..............cccccvvvvvnnnns 285
voltage channels...........ccccceeiiiiii 283
E FUNCHIONS. .. 77
fundamental...........ooovvvviiiiiii s 135
EAITON .o T3 FUIhEr CONNECIOLS. ..o 279
ffiCIENCY. ... Bl fUSE...ucviecececeeeeeeeete et 265
ENGBL000-3-2....cuvveeeieeeeiiiiiiiiiiieeeeeeeaeaeiiinnes 120; 125
ENBLO00-3-3....ceeeeeeeeeeeiiiiiiiniiieeeeeeeaeaaiiinnes 129; 131
ENBL000-4-15.........oooerveoriocissessesssesseesesse s 127 G
ENGLOO0-4-15......euiiiiiiiiiiie e 129
end of 10ggiNg........ovvvvviiiiiiiiiiiiiie s 242 [0 =T 0= - |
ENEITY. e i iiiiiiiieieeeeeeeeeeeee e 106; 107; 110 general handling
= 59 ENETAl MENUES......uueeeeiiiiiaaeee e aa e e e e e e aaaaaaaaens
entering identifiers and teXt.........cccccvvvvveiiiiieeeeennennnnnn, 83  general SEt-UP........covvvviiiiiiieiiiiiiiiieiee s
entering numerical Values..............ocovviiiieeiieeennnns 88 globals tab
Environment variables.........ccoooeueeiiiiiiiiiiiiiiee e 76 Measuring MeNU..........cceeeeeeennnn. 89;117; 127; 133
EITOr MESSAJES......cvvviiiiiieiiiie i 248 (€101 7 o 287
ES e 59 GPIB.. e 239
evaluation of harmoniCs...........occcvviiiiiiiieenniiiee, 117 [0 2= T00] 0 0 = 74
EXCEL. e 248 graph....cccooei 59;111; 123; 131; 138
EXPIESSIONS.....eettieieteee e e ettt e e e e e e s e e e e e e e 75 graphical display...............ccccevveee 111;123;131; 138
ext. voltage input...........cccceevniniiiiiiiienneennn. 267; 268 group A/B tab
External Synchronisation (Sync.)...........oeccvvvvveeeen. 279 MEASUINNG MENUL.....uvviieiieeeeaaiiiiiiieeeeenns 90; 118
FANGE MENLL....ovuiiiiiiiiii e 93
grouUP CONCEMAL......ccuuiiiiiiiiiiie i 31
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handling..........oooviiiiii e 29
harmonic Mode............ccooiiiiiiiiiiicce e 133
harmonics
hEader ........oouiei i

instructions and warnings
INStrUMENt CONMIOIS. ....cooovviiie e
] O €1 =
INE VAL
0 S = 1 1= PP PPPRR
integrated values............cce oo

191 C=To ] = L1 o) o

K

Keyboard.............oooviiiiiii e 64
KEYWOTAS .. .ot 76
L

LAS-Z13 ... e 281
5T 0 SRR 139
L50-O2LAN ... et e 62

[V To £ o (o] S 62
TS e 121
Linked ValUES.........ccvoveiiiiiiciii e 37; 97

ISt data....cceeiiiiiie e 140
Local variables.............cccooviiiiiiiiiiie e, 76
(oo o {15 116; 125; 131; 138; 241
10gging Profiles........ccuveeiiiiiiiiiiiiieee e 242
long term flicker...........oeeiiiiiiiii e, 128
long time evaluation..................coovvvvvevenennnns 118; 122

M

MAINENANCE.......cuvuiiiieiiiiii e eaaaans 262
MaSEEr-SIave.........c.uueeiiiiiiiiie e 281
L L=T: E] (= 59
measurement UNCEIaiNTy.............uueveeeemnnnnnnnnannnnnns 268

Measurements at middle and high voltage system§5
Measurements at middle and high voltage systems

WIthOUE N..ooveiii e 56,57
MEASUNNG ....vvvvveerereeeennnnnnnnanannnns 89; 117; 127; 133
Measuring Channels.........ccccccciviiiiiiniiieeee e 266
Measuring circuit (typical) for star to delta conversion
(0] 010 g I 10 @ 1) 52
measuring circuit for measuring efficiency of 3/1 phase
SYSIEIMS. e 51
measuring circuit for measuring efficiency of 3/3 phase
SYSIEIMS. e 54
measuring circuit for typical line applications using the
internal current path ........ccooooeeiieiiee 50
measuring circuit using an external current sensors4
measuring configuration......................... 89; 117; 127
measuring menu

globals tab..........ccccccvvinninnnnnnnn. 89; 117; 127; 133

group A/B tab.......cooooviiiiiiii Q0; 118
measuring mode

100 harmMONICS.......eevviieeiiee et 133

CE flICKEN. .. 127

CE harmoniCs.........oovvvvviveiieiiine 117

NOIMAL...coiiiiii e 89
Measuring ranges..........ccuveeeeeeeeeen. 92;119; 128; 134

measuring values
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calculation.........cocoevviiieiiieeennne. 95: 119; 128; 134
MEMOTY AFVE ..o e e 241
menu

o811 0] 0 o R 71

user defined.......ccoooooiiiiiiiiiii e, 71
messages

(=11 o N 248
MNISC e e e eeeaad 57; 60; 64; 263; 266; 281
MISCEIANEOUS........coiiiiiiii e 249
MotorTorque-SOFT OptioN............uvvveerrmemmnnninnnnennns 81
N
New menu tab..........ooooiiiiiiieee e, 72
normal measuring mode.............cooeveeeeeeeeeeeeeeeeeeee 89
10 [ =T SRR 140
NUIE MOdEML.......uviiiii e, 239
numerical values..........c.ccceeeeeiiiiiiiiieieeecee e 88
O
(o] 01T =1 0] (= S USSP 78
option

L50-09...ceeeieeieeee ettt 117

MotorTorque-SOF ... 81
(0] o110 ] 1 = 81
(0] 0110 0 ES31 X0 71
OULPUL dBVICES.....ciiiieiiiiiiiiiiiee e 242
OULPUL FOrMALS. ... e 244
(01011010 Q] 1 (=T V7= L 243
overload capability...........cccuveeiiieiiiiiniieeen 267
P
parallel POrt.........oooiiiieeeeeeeeee e 240
P e 62
peak-peak ValUe.............uuurrimmmmniiiiiaaaaaaaaaeaaeeeeeaeeaens 104
physical deVICES..........cuvviiiiiiiiiiieeeeee e 238
plot fUNCHON.......coveiiiiii i 113; 138
P e 129
PMOM ..o 129
POWEr......eeeennnnes 59; 104; 107; 110; 120; 122; 130; 137
POWeEr faCTOr....cvveiieeeiei e 105; 107
PHANIOG e 60

01101 T G62; 240; 241; 243
PriNtiNg SCHPLS cooeeeeeiieee e 81
processing signal interface................ccccoeee. 68; 273
PS/2. e 62
P Sl 129

QONIY e 139
R
FANGE ..eeeiee e eeeees 92; 119; 128; 134
= U1 (o USRS 93
range menu
group A/B tab........ooovvviiiiiiiiii 93
Sense/more tab..........oovvviiieiiiiiiii 94
FANGES. .. eeeeetee e e e e e e e ettt e e e e e e eaeees 60;.267
FEACHIVE EBNEIQY.....eeeveeeeeeeeeieeennnnnanaaaaaaeenns 106; 107
reactive impedanCe..........ccovvveeeeeeeeeeeeeeeeeeeeeeeee 105
FEACHIVE POWEN.....uueiiiieeeiieeeeeeeeeeeeeeeaaaaaeeeen 105; 107
L= TC L oY= U=
rectified value.............oo oo
remarks............
remote control
requirements for reference instruments................ 263
TS e 49:.83
RSCE: ettt ettt e 119
RST Default value.............ccooeiviviee 143
S
safety iINStructions.............cccoe e 19; 20
£ST= 1021 o] 1 o S PPRPRRRR 266
savelrecall..........cc i 60
saving and restoring configurations......................... 83
LSToTo] o L= {11 T 1o} o 112
SCPL. et 139
LYo ] o] A =T 11 o USROS 73
condition INStrUCHON. ...........uuvvriieiiiiiiirrraeeaeee e 74
CONSEANTS. ... 75
EXAMPIES. ..o iiiiiiiiiii e 79
oo 1= 171 0] L 75
L1013 110 SR 77
ENETAL.ccci i 73
OFAMMIAL ...t e e e e e e e e e eeanes 74
INSTIUCHIONS. ..o i 74
KEYWOITS ....eeviieiiieiei e 76
OPEIALONS....uiiiiiiiiiii i 78
=10 T 1SR 79
vanables.........ccoee s 75

sense/more tab
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FANJE MENLLc.etieeeeeieiie e e e et eeeeei e as 94
1< K]0 F PP UPPPTR PPN 54
1T 0 TSTo] g ] o LU | 61
SENISOIS. ettt et e e et eette e e e e e e et e e e e e e eat e e e e e eataa e aeeeeaan 270
short term flicker.............cccvvviviii 127
SOftWare UPAate........ueeeeeeeiiiiieiee i 264
SPECHIUML ...ttt e e e e eeans 123
speed and torque calculation............ccccceieiiiiiinnnnnnn. 81
star to delta conversion...........ccceveeeeeneeennns 32;37; 97
L] 7 1o TSP 60
start of l0ggiNg.........ovvvvviviiiiiiiiii s 241
STALUS .o 60
STALUS lIN@ .. 63
] (0] o ST 60
StOrage MEIA. .......uvvrreriiiiiiiieee e e e e ee e e e e e e e e eeeaaaaaas 246
storage Of VAlUES...........uvvvvriiiiiiiiiiiiessenenae e e e e eeeeens 241

memory card and printer........... 116; 125; 131; 138
SUFTIX ettt et 139
sum

CUITENT. ..ot eee e 107

A1 7= o =SSR 106

(70 g1 1= o1 (o] (PP 279

PiN cONfIQUIation...........cvviieiiiiiiiiiieee e 279

signal level.........ccuvveiiiiiiiii 279

SIGNAIS ... 280
Synchronisation

Lo A (=11 4 - | 279
synchronised measurements...........c.ooecvvvvveeeeeenn. 281
SYNEAX...eiiiiiiiiii s 139
SYSEEM dESIGN.....uviiiiiiieeiiiiiiie e 279
T
technical data............uvvviimiiiiiiiiiie e 265
testing the interface ..........ccccoeeiiiiiiiiiieeeeeee 234
tests according EN61000-3-2............cccevvvveeveeennnnns 125
tests according EN61000-3-3............ccevvvvvveeeeennnnns 131
L1 SRS 83
time

SEIUP OF e 64
TIMEDASE......cvviiiieiiiiiiiirrr e e e e e e e e 278
torque calculation.............cooeeeeeeeeeei 81
total harmonic distortion...............ccovvvvvvvvveiiiiiiienns 120

total values

303

U

U e eeas 61
U e e 61
UNCEMAINTY.....vvvvviieeiiiiiiiininns 249; 251; 263; 268
unpacking and putting into operation...................... 49

LU oL F- (S 264
usage of the manual.................co oo 28
USB .. 62
USB MeMmOry SCK.......cooviiiiiiiiiiiieeeeeeeeeiiees 60
U SENSOM: ettt ettt e et ete e ettt e ettt e e et e et e e e e eb e e ea e ena e eees 61
user defined MenU...........ooovvvvviiiiiiiiiiiiiiians 71
User defined tab .......ooovvvvviviiiiiiiii 72
V

Values from single measuring
VaNADIES. ...

Vars tab. ..o

VECTOr FUNCHON. ......uvviiiiiiiiie e, 115

voltage......... 59; 104; 109; 119; 121; 129; 130; 135; 137
elay.. ..o 94
1T 4 TSTo ] ] o 10 | 61
[0 2 106

(Vo] 1= Vo [T =T g Vo =T USSR 267

W

WEIGNL. .. 265

Wiring
‘140 Channels...........cccooveeieeienni.n 33; 41; 95; 100
‘141 Channels’.........cccoovvevvieeeennnn 33; 42; 95; 100
‘240 Channels!.........ccccoovevvieeennnn 33; 41; 95; 100
‘241 Channels’........cccccovvevvieeinnnnn 34: 42; 96; 101
‘242 Channels..................... 35; 36; 43; 44; 96; 101
‘3+0 Channels..........c.ccovvevvviveeennnnn 34; 42; 96; 100
‘340, UAIF-SUAIA .., 38; 45; 98; 102
‘340, UAIF->U*I¥ e, 39; 45; 98; 102
‘3+0, UAI*-SUAIA ... 38; 44; 97; 101
‘3+1 Channels.........ccooeevvvveeivinnens 35; 43; 96; 101
3+1, UAIF-SUAIA ..o 40; 46; 99; 103
341, UAIF->U*I¥ e, 40; 47; 99; 103
B+L, UA-SUAIA' ... 39; 46; 98; 103
‘4+0 Channels........ccooeevveeeevinneenns 34; 42; 96; 101

Z

Zer0 adjUSIMENT........vviiiiiiiiiiiiieee e e e e e eeeeaeeas 263
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*
Lo O I T PP P PUPPRRUPPNt 141
ESE . s 141
ES R . it 142
FIDN 2. et 142
fa Y B2 RSP P PUOP SRRt 142
FOPC e 142
P C e 143
P RE. .. it 143
RS T it 143
G R E . . ittt 144
LS Y = PO UUUPPPPPRR 144
FTRG oo 144
Ll B 1T PO PPPPPRR 144
FWAL e 145
/
0 0 LT 140
JAONIY/ .. 139
:CALCulate
EENVIroNmMeNt.......coooooiiiiee e 145
:FORMula
T T 146
:LIMit
CLASS... .o 146
DMAX oot 147
FCURrENt ..., 147
IFVERSION. ... 147
PFACIOL. ... 148
POWEN ... 148
RSCE.....coiii e, 148
SYSTEM. oo 148
VERSION.....iie i 149
ZREF ... 149
ZTESt i 149
:DISPlay
0L ® N I > T 150
IRESEL..... e, 150
FETCh

[:SCALar]
:CURRent
AC 151
(01 =7 1 (0] 151
D 152
FRACIOr 2. 152
FSCale?.. oo, 152
INRUSN?. ..o 152
MAXPK? .. 153
MINPK?. ..o 153
PHASE ... e, 153
PPEAK?.....ccovii i 153
RECTIY?. . 153
RUSEA ..., 154
[TRMS]? e 154
:CYCLe
ICOUNL?. . 154
SSNUMDEI?. ... 155
TIME?. oo 155
IDINPUL?. .o 155
:ENERgy
APPAIENt?. ... 156
CHARQE?. .. 156
IREACHVE?.....ccii e 157
TIME? ..o 157
FACTIVE]?...coiiiiiiiieeeeeeee 156
FLICker
LTREMAIN?. .. 160
PHWaAVE? ... 161
:SOURce

APMOMENt?......cveiieee e 161
D 162
DELTAt?. ..o, 162

IDMAX? e 162

DTMViolation?......cooovviiiiniiieeeeis 162

HWTRMS2..o e, 163

PLT 163

PMOMentary?........ceevveeviiiiiieeeeeeeene 163
PST 2 163

RESUR?...oo 164

STATE 2 e 164
STREMAINZ...ccii e 164
[[EUTest]

APMOMENt?......cv e 158
D 158
DELTAt?. ..o, 158

DMAX? 158
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DTMViolation? .......ccoovvieeieeiiiiiieeeeees 159 OLIMIt? e, 178
HWTRMS2..o e, 159 PHASE ... 179
PLT 2 159 :PPHase?...
PMOMeNntary?........oovvvvvveeeemeniininns 159 SSTATE? e
PST 160 THDISIOM?. .o 180
IRESUIR?..ooiiii e, 160 :POWer

:FREQuency AACTIVE? L 180
FINPUL? e, 165 AAPParent?........oee e, 180
ISAMPIE?. .., 165 APParent2.......ooii e, 181
[:SSOUICE]2...cceeiiiiiiiiiiiieee e 165 TAREACHVE?. ... 181

:HARMOonics FSCale? i, 181
AMPFACIOr 2. 166 ICAPACItY2.....coviiiieiiieieeieieee 182
AMPOWEI?.. ..o 166 [ o AN O (0] . 182
APFaCIOr?. ..o, 166 PHASE ..., 182
APOWEL 2. e 167 IREACHVE?..... e 182
ICDRESUIE?....eeiiieiieeeeieeiieee e 167 FACTIVE]?...coiiiiiieieieeeeee 181
:CURRent :RESistance

(ASRESISI?. i, 183
AMPedanCe?2.......oeveveiieiie e 183
'RSIMpedance?..........vvveeiiiiiiiinn 183
ISSYSEM 2. 184
:TRANSsient
STATE 2 e 184
VARIGDIE?. ... 184
WNAME? e 185
[[VOLTage]
IOLIMIt? o, 171 AC 185
PHASE ... 171 AINPUL? ..., 185
POHarmonic?..........cccoveeeeeeeiiiiieneeeeees 171 (08 = A\ @1 (0] 2. 186
POLIMIt?......oooviiiieiiiiiieeecceeeee e 172 D 186
SAVErage2.. ..o e 172 FRACIOIr ... 186
SMOOthed2....c.ov i, 172 FSCale? i, 186
STATE? e 172 IMAXPK? oo 187
THARMONIC?Z. e 173 IMINPK?. ., 187
THDIStOM?....ev e 173 PHASE ... e, 187
LTREMAIN?. ... 173 PPEAK?......coviiiiie e 187
:POWer RECTIY? e 188
ACTIVE. ..o e 174 RUSEA?...oe e, 188
APParent........i 174 LTRMS]? oo 188
DISTOrtion......covveiiieiie e 174 :FORMat
REACHIVE.....cco i, 175 AT A 189
'VOLTage IO L 232
JAMPItUDE?. ., 176 INITiate
[[VOLTage] ICONTINUOUS ... 189
AMPLItUDE?...... i, 175 ICOPY 190
GFRESUR ..., 176 AMMEdIAte....ccvve e 190
HWCFaCtOr?.. ..o 176 [INPut
LIMIt? oo 177 ICOUPIING et 191
LTRESUR 2., 177 [INSTrument
MAMPIItUdE?........e e 177 SELEC...ciii i 192
IMAXCIactor?......cooovvviieeiiieee e 177 LEN 232
IMAXPRI? o, 178 :MEMory
IMINCTactor?........ccooeeveieeeiiieeeeecenn, 178 FREEZE....... oo 192
MINPRI?. ..., 178 SSIZE. ..o 193
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:READ
[[SCALar]
:CURRent
CFACtor?
D
FFACtor?
FSCale?.
INRush?.
MAXPk?
MINPK?
PHASE?....ccciiieeiiecvee,
PPEak?
] O 1 Y 153
RUSEAZ....oeoiiiiiiiiee e 154
[TRMS]? e 154
:CYCLe
ICOUNL?. . 154
ISNUMDEI?....coiiiiiiiiiieeeee e 155
TIME? .o 155
IDINPUL?. .o 155
:ENERgy
APParent2.......oooii e, 156
CHARQE? ... 156
IREACHVE?.....ooviiiii e, 157
TIME? .o 157
LACTIVE]?. .o 156
FLICker
ILTREMaAIN?.....oovviiieiiiiieeeee e 160
PHWaVE? ... 161
SOURce
APMOMENt?......cv e 161
D 162
()] I I\ 162
IDMAX? 162
DTMViolation?......coovovvviiiiieiiieeeeis 162
HWTRMS2..o e, 163
PLT 163
PMOMentary?........ceevveeviiiiieeeeeeeee 163

DMAX? i 158
DTMViolation? ... 159
HWTRMS?. .o 159
PLT? e 159
PMOMentary?........ceevveeviiiiiieeeeeeeeee 159
P ST 2 160
RESUI?Z...ooeeeiie e 160
:FREQuency

FINPUL? e, 165
ISAMPIE?. 165
[[SSOUICE] 2. .. 165
:HARMOonics

ANV o] o= (o (] 166
AMPOWET?.. ..o 166
APFaCIOr 2o, 166
APOWET 2. e, 167
ICDRESUI ... 167
:CURRent

IAMPItUDE?....coviiieee e, 170
LIMIt? oo, 170
LTRESUItZ.....oveeiieiieee e 171
OLIMIt? e, 171
PHASE?. ..o 171
POHarmonic?.........ccooeevviiieiiieecei, 171
POLIMIt?......iiiiiiiii e 172
SAVErage 2. .. oo i 172
SMOOthed2......oveeiiieeiiieeec e, 172
STATE? e 172
THARMONIC?Z. e 173
THDIStOM?...oev e 173
LTREMAIN?. ... 173
‘VOLTage

JAMPItUDE?. .o, 176
[[VOLTage]

AMPLItUDE?. ..o, 175
GFReESUIt2....oviiiieieee e 176
HWCFaCtOr?........cocovevieiieeeeeieeee 176
LIMIt? oo, 177
LTRESUItZ.....eveeeeeiie e 177
MAMPIItUdE?.. ... 177

IMAXCTactor?......cooovvveeeiiieecee e 177

IMAXPRI? o, 178

IMINCTactor?........ccooeeeveiieeiiieeceeeeceenn, 178

B I [ ) (o] o 7 180
POWer
TAPParent?..... 174
D115 o] 1110 ] o 1 174
ACTIVE?. e, 174
IREACHVE?..... i 175
:POWer
AACTIVE? o 180
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AAPPArent?.......ccooeeviiieiiieeeie e 180 SCALE...cce 200
APParent2.....cccooeviiieiie e 181 :FLICker
AREACHVE?......ovviiiieeiiiice e 181 :PERiods
FSCale?.....coooieiiiiee e 181 ISTIME. e
ICAPACIEY 2. ..t 182 HARMonics
PFACIOI2.....cooiieiieeeieie e 182 FDIV oo 201
PHASE ... e, 182 ISTaAM. ... 202
REACHIVE?.....oviiieeiiiieeee e, 182 REFErence......cooooeiiieiiic i 202
LACTIVE]?. .o 181 ISMOOEN.....coiiiiiii 202

TIME ... 203
INTegral
DATE ...
INTerval
MODE.............
STATE e
TIME ... e
RPVaAIUES....... i
VNAME? . 185 :SWEep
[[VOLTage] TIME. ..o 205
AC 185 :TRANSsient
AINPUL? ... 185 JACREQISIEN. ... 206
(01 =7 1 (0] 186 ALIMIt Lo 206
D 186 BLIMIt oo 207
[ O 0 ] . 186 DURALION......ccvi i 207
FSCale?.....oooieiiiieee e 186 FUNCHION.....co e 207
MAXPK? ..o 187 IOCREQISIEL. ... 207
MINPK?. ...ovtiiieiieiee e 187 SSIGNaAL ., 208
PHASE?. ..o 187 'VOLTage
PPEAK?......ccoiiiiiee e 187 DELAY. ... ieiieeiiie e 209
] O 1 Y 188 B D] = = Tex (o | S 209
L ST= T 188 ADENLTY e 209
[TRMS]? e 188 ‘RANGe
:SENSe AUTO e 210
:AINPut LINTEN?. s 210
DIFFerential............cccovvvvviviviiiiie 193 FUPPEr 210
FSCale....niiiieeii e 194 SCALE...ci e 211
ZERO. ... 194 ‘WAVeform
ARON ... 194 DIVISION...coviii 211
AVERage HUPDALE. ... 212
ICOUNL e 195 ISATRIGUEI 2. 212
CURRent
DELAY.c.uiiiieiieee e 196
D] I =T X o | 196
ADENLITY? oo 196
‘RANGe
AUTO e 197
LINTEIN?. e 197 :SOURce
FUPPEr 197 :DIGital
SCALE ... 198 ICONDIION. et e 215
FILTer LIMIt oo 215
AFILIEI .o 198 VALUE. ... oot 216
[[LPASS] 'VOLTage
[STATE] i 199 :SCALe
:FINPut FSCal... oo 216
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ZERO....i e 217
VALUE. ... oo 217
:STATus
:OPERation
ICONDILION?. .. 217
ENABIE......oovviieee e 218
INTRANSIION......ccoviviiiieeccc e, 218
PPTRaANSItION.......covvvieiieeeiiie e, 218
| Y =L 218
PRESEL...ovviiieeiieeee e 218
:QUEStionable
ICONDILION?. .. e 219
ENABIE......oovviiiee e 219
INTRANSIION......ccoeviieiiecccie e, 220
PPTRaANSItION.......ccvvvieeieeeiiic e, 220
| Y =L 220
:SYSTem
:BEEPer
AMMeEdIate......uveeeiiiiieee e 221
DATE ... oo 221
:ERRor
ALL? e, 222
ICOUNL?. e 223
ENEXT] 2 e 223
:HELP
HEADEIS? ..t 224
ISHEQAEIS2...ovviieeeeeeceee e 224
KEY e 224
LANGUAGE. .....eenieeeieeeiiee e 225
OPTIONS? ..t 225
PHEQEr.......ouoiiieiieiee e, 226
TIME ... e 226
WVERSION?Z..ciiiieee e 226
‘TRIGger
ACTION .o 227
HCURIENE ... e 227
(INTerval
RESEL....cooiiiiiieeeeee e, 228
STARL....cooiiiii e, 228
STOP. .. e 229
TREStArt ..o 229
LIS JLIe ] 229
:TRANSsient
ICONTION. e 232
[:SEQuence]
:DEModulator...........cooevviiieiiieecc e 230
HPASS... oo 230
LPASS. ... oo 230
SOURCE.....eoiiiiiieiee e 231
<
<list> data.....ccvvveeeiiiiiiiee e 140

A
AC

current

voltage
T 1o o TSRS
active

BIIEIGY. ettt e et e et e e e et et e e e e e e 156

POWET ...ttt e e 181
active power

NArMONICS......eviiiiiiiee e 174
active serial resiStanCe.........ccccccvvvvveeieeeieeeeeeeeeeeeeee, 183
actualisation

MEASUNNG VAIUES.......uuvreeeiiiiiiiineeeeeseseaaaaaaeeens 190
AIDI e 193
ATHIE L 194
ALO i 194
AN e 185
AIVA? e 185
amplitude

CUrrent NarMONICS. .......uuuuuueeeiiiiieeeeee e eeaeeaeeenns 169

voltage harmonics...........cccccceeeeinniiiiiiiiieeeeee 175
analogue input

differential iINPULS .........oovviiiiiiiiie 193

fUIl SCAIE....ceiiieiii e 194

VOIBGE. ...ttt 185

ZEr0 POSItION....cceviiiiiiiiiicee e
analogue output

FUIL SCAIB...eeee 216

ZEIO POSITION. ... 217
analogue outputs

VAIUEB. ... 217
AND condition

TrANSIENTS ..o 206
aNnti-aliasing.........oovvvvviiiiiiii 198
AOHI e 216
AODIX e 217
AODLO ...t 217
apparent

LT T 0 PP 156

POWET ...t 181
apparent power

NAIMONICS......eveeiiii e 174

average active POWEN..........cvvvvveveeeeermrrrnnninnniiiinnnens 180
average amplitude

current NarmMoOnNICS........oovuvviiieeeiiie e 168
average apparent POWEL........ccuveeeeerneernrrenreenieennnes 180
average reactive POWET...........uvvvvvrrreemmnnnnnnnnnnanenns 181
averaged momentary flicker level................. 158; 161
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B maximum averaged fundamental..................... 168
MUNIMUML e e e eeeeens 153
BEEP 291 partial odd harmonic..............ccccveeeiiiiiiinieeeen. 171
DEEPET .o 221 PEAK PEAK .ovvvvvvvrcssssssssssss s 153
phase angle..........oovvvvvveiiiiiiiiin 153
FANGE ..ottt 197
C FANGE USAJE......uiiiiiiiiiiieiii et 154
FeCHfied......ee e 153
Calculations reset iNFUSh........ooii i 227
ONVITONMENt oo 145 SCAING . .eeeveiieeeeieee e 198
CAPACITIVE ..ot 182 smoothed averaged harmonic...................o..... 172
change command Set..........cccooeoeeeveeeeeeeeeeeee, 225 smoothed NAMMONIC. .........ooviiiie, 172
(& T (o (=PRSS 156 THD 173
ClaSS D F@SUI ... 167 total NAMMONIC. ... 173
clear trigger iNFUSH........coooiii 227
EITOHEVENE QUEUE. ... vee oo 141 TRM§ ................................................................. 154
EVENE FEUISTEIS ... 141 current input
command set delay.....coooieeii 196
ChANGE. ... 225  current sensor
condition identify ................................................................ 196
d|g|ta| OUtpUtS ...................................................... 215 CYCL ....................................................................... 205
CONT oo 189 CYCIB. e 205
CONLINUOUS EXECULION.........eveveveeeeeeeieeeeiereeiereeeeeenns 189 SAMPIE COUNTBI. ..o 155
CONMTASL ....vevieeeteeeeteeee ettt te et ee et e s e 150  CYCIBUME .o 205
control CYCR e 155
traNSIENt ..ooeeeieecee s 232
COPY..etttetie s e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaeaeaaaaes 190 D
(O 18 1 154
counter b 174
e 154 D
coupling [0 1 158; 159; 162
?
Il eeeeeeeeseeeeeeeeeessseemoeeeees e 191 D e 174
crest factor. 176 data output format...........ceevvvvvviiiiiiiiiiiiis 189
CUMEN e 151 0 (R 221
maximum 177 STAMt ENEIGY .. ieeeieeie et 203
MUNIMUML e eeeeeeeees 178 DCsystem158162221
VOIAGE. ... 186 T '
current current 152
AC s 151 del 158
ALEOTANIGE - vvvvvoeeeee oo eeeeeeoeeeeeseessseseseeseeeeeesee 197 dc ............................................................................ ol
crest facton... . 151 cs ...........................................................
DC 152 Delay current input..........coooeeiiieieee e 196
fluctuating harmonics result.................. 169 Delay voltage inpul...........ccoeeeeiiieeeeeeeeeeeeeeeeee 209
demodulator
form factor.........cooveiii 152 230
fUll SCal... e 152 d s.ync """"""""""""""""""""""""""""""""""""
harmonic phases.............cccce e 171 evice ‘ 143
e L TS 169 . rese e e
harmonics average amplitude 168 differential analogue iNPULS...........cccoeeeveeeeeeeeeeeeenn. 193
. .
harmonics IMIL............iiii e 170 B:ES """"""""""""""""""""""""""""""""""""" 12%50
harmonics maximum duration......... ... 169 DS i
harmonics result ... 171 .|g. rq: .....................................................................
inrush 152 digital INPULS ..eevveieiiieiiiiiieiii s 155
INtErNarmMONICS........ccvviiiiiie e 170 digital o.ultputs
maximum 153 (0] o 111 o 1 215
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MIES et 215 EVAL ... 146
ValUB....coiiii e 216 evaluation
display NAIMONICS......eeeiieieee e 146
(o 0] 11 7> T 150 event duration transientS..........cooceevveeiiieiiin e 207
default values...........coooviiiiiiiiiiiieeee e, 150 event registers
S35 =3 150 ClEAN ... i 141
DISR ... 150 Event Status
IS T 2 i 155 Enable Register............ccccvvvvvvveviiiiie 141
diStOrtioN POWE......ccviieiiiiiiiiiiiiieee e 174 REGISTEI ... 142
[0 [0 0T 3 PR 158; 162 example
dmax limit........oooiiiiii e 147 i
AMAXL ..o 158
AMAXS. ..t e 162
DOCO. ... 215 execution
DOIX i 216 CONLINUOUS. .....uiiiiieeiie e e e e e e 189
DOLI . 215 external shunt input...........cccoooiiiiiiiii e, 196
[0 ) 1 I PO PPUUPTURRUPPPPINt 158
OB i 162
F
E
ED T e 149
edition
flicker standard...............cooevviiiiiie i 147
harmonic standard..............ccccoeeieeiiiiiiiiien e, 149
Bl e 156
energy
ACHVE ...uui e 156
BPPAIENT ... 156
FEACTIVE. ...uu i iiiiiiie e e 157
S35 228
STAM . 228  FLDX? i 158

(=] (0] £ T 222 A (T SN 149
numMber oo 223 flicker standard

ES s 156 Version, editioN........coveeveiiiieee e, 147

E S 156 FIKPEI e 201

311
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P T 2 e 159 POWET ... 181
FLMO?. e 158 VOIBGE. ... 186
FLIMS 2. e 159 function
FLMV 2. e 159 TrANSIENTS ... 207
L I P 161 fundamental current
L I\ P 178 harmonic lIMitS...........ccooveiiii i 147
FLPS e 201
FLP X . e 178
FLRE? ...t 160 G
[ I Y 159
FLS T 2. e 160
[ I I = TR 160
FLUP 2 e, 179
FNRM . .o, 147
FORM. ... 146
form factor
[0 01 =T ] 152 H
{01 7= Lo TSRS 186
format half wave
AR OUIPUE ..o 189 Crest faCtor........o.uuii i 176
Formula Editor..........ccoooeiiiiiiiiecce e 146 half WaVe POWET............oooviiiiiiiis 161
ENVIFONMENT.......uviiiiiiiiiiiie e 145 half wave TRMS......oooooov, 159; 163
freezes harmonic limit
SCOPE.e e eeeee oo 192 partial odd..........cooeiiiiii s 172
22110 r IS 165  harmonic limits
frequency fundamental current
processing signal iNterface. ..............ooovvvveooo. 165 010 L= SRR
SAMPIE......oeeeeeeee et 165 POWET fACIOL....c.vivceiieiciiiieire e 148
SYNChronisation SOUICE............oocvvvviiieeieeennnnis 165 FSCE..ovris
frequency divider ratio.............ooecvvviiieenieeeniiiiiee 201 harmonic standard
frequency input version, edition..............vvvvvvveeiiiiiiiis 149
SCAING....eiiiiiiii 200 harmqnics
STV S 189 e R 174
FRZ e eveeeeeeeee e eeee e eeee e e eee e ee s 192 APPATENT POWET. ..o 174
] o oy ST 162 average current amplitude. ...........c.ccooovvvveennnnns 168
S D L O 162 ClaSS D FESUIL ... 167
o) T 162 current amplitude ... 169
12 eeee e e et 152 current Check FESULL............oovvvvevrneenenns 169; 172
ESLT P 163 current limitS.......cviiiiiei i
o T 161 current phases
FSMS 2 evvvooeeeeeee e ee e 163 CUITENE FESUIL......oovooeee e
Y ST 162 EVAIUAUON. ..o s
S 181 fluctuating current result...........coooovvvvvvicnvennenns 169
= S 164 INternarmoniCs CUMTENL...........c.oovervveveiineeenenss 170
FSRMZ. e eeee e ese e 163 INternarmonics VORAGE..............ccooovvvververnvennenns 176
L i T 163 maximum amplitude VOltage.............c....occoe.vvvv. 177
FST A 2 e, 164 maximum averaged fundamental current........ 168
FSTRZ . evveoeeeeeeeeeseeeeeseeesesese e es e 164 MAXIMUM QUPALON. ..ocooeooeeiee e 169
FSUZ oo e 186 MEASUIING UME.....oo.oovmeieene e 203
FTIM oo 201 partial 0dd CUMTENL ...........ccovvveneenee e 171
full scale TEACHIVE POWEL.....uveeeeeeienniiiineeeeeeeeesaaaaaaaaaaeaeeeeas 175
aNAloGUE INPUL.......coeeeeeeeeeeeeeeeee e 194 remaining 10ng time............cooovovvviinniiiiennieins, 173
analogue OUPUL..........ccevviiiiiiiiiieee e 216 smoothed averaged CUMTENL.................ooocveeve. 172
CUITENE . e 152 SMOONE CUITENL......ooooiii 172
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SMOOLNING. ..o i

THD CUITENE ..ot

THD voltage...

100) £ LN o1 0] 4 {1 o |

voltage amplitude............ccoevvvvvvvveiiiiiiens 175

voltage check resulis................covvvveees 176; 179

voltage limit........ooovvveiviiiiiii 177

VOltage Phases..........cuvvvrirrmimiiiiiiiiiiieieeeeeeeeeeeeens 179

voltage result..........ccoevvvvviiieiieeeeeeiieeees 177; 178
HEAD?. .. 224
headers

SCPL e 224

SHORT ... 224
HENS?. .. 167
HEMX? e 169
HIAM? e 169
HIAS ? e 172
HIAV? e 168
HIFL 2. et 169
HIFM?. o e 168
HIGF 2. e 169
high pass

SYNIC ettt ettt ettt e e 230
HIHD?. .o 173
HILM? e 170
HIL T 2 e 171
HIMA? e 172
HIOV 2. e 171
HIPH? oo 171
HIS T 2 e 172
HIZAT? e e 170
HLIP?. o 172
HLTR 2 e 173
HNRZ ... e 202
HPAM? e 174
HPAV?. e 167
HP A e 166
HPFEM 2 e 166
HPM?. e 166
HPOC 2. e 171
HQAM?Y. . 175
HREF. ... e 202
HSAM? e 174
HTHC 2 e 173
HTIM e 203
HUAM?. e 175
HUGRE 2. 176
HUHD? ..o 180
HULM? e 177
HULT 2 e 177
HUMX ? e 177
HUOV? . 178
HUPH? e 179
HUST 2. e 179

Identify current sensor.
Identify voltage sensor.

IMINT e 153

INCA? e 182
Individual Status QUETY..........ooovvviiiiiiieeeeeeeeeeeeeee 142
INAUCTIVE. ...t

initiate measuring
INFUSH CUITENT ..o

iNtegration MOUE............oovviiiie e
interharmonics

VOIBGE. ...
internal shunt input
interval

LT ST 0 PP 203
INTT e 203
INTM e 204
INTR? e 157
INT S e 204
INT T e 204
LB e 171
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maximum phase
peak value voltage...........cccuvevveeeeiinniiiiiiiiiceene. 178
maximum smoothed POWEL...............eveernnmnnniinnnnnns 166
maximum smoothed power factor.......................... 166
measuring cycle
Al tIME ...eviiiiiiee e 155
measuring Cycle COUNtEr............cc.uuveiieeeeeenniiiiiene, 154
MEASUINNG MOUE.......uuviiiiiieeiiaiiiiiiiee e 192
measuring time
RarMONICS.......ooi i 203
short term flicker..........ccvv, 201
measuring values
actualisation...........cccuveeeiiiiiiiie e 190
L101=T0010 ) VS T 193
minimum
CUIENT.....oviiii e 153
VOIBGE. ...ttt 187
minimum crestfactor
K VOIBGE. .. ettt 178
minimum phase
K Y e 224 peak value VOItAGE. ...........c.oveeeeeeeeeeeeeeeeeeee s 178
MODE...............
integration
L MEASUNNG + e e e e e e e e e eeeeees 192
momentary flicker level............................... 159; 163
ITEI.\I ......................................................................... 232 AVEIAGEM ... ooeeeeoooeoeeoeoeeeeeeeeee 158: 161
limit MEIME oo 155
current NarmoniCS. ........oovvviiiiiiiiieeee e 170
AMX. e 147
partial odd harmonic............c..ccceeveeeeeiiecieenne. 172 N
voltage harmonics.............cccvvvvvvvvvvveieiineiiiiinnnnns 177
limits new information about waveform................c.......... 212
digital OUtPULS.......oviic, 215 QUEIY..eeeeeeeeee e 140
tranSIeNtS.....vvveeiiiiieee e 206, 207 number of errors
list NVAR? ..ot 185
ranges
CUITENT...eiiiiiiiii s 197
(o] 7= Lo =SSR 210 O
ST AALA ...evveeiiieee it 140
[OCal STALE......ceii i 232 OldESE BITON. ...t 223
low pass Operation Status
53 PP 230 Condition REQISter..........cevviieiiiiiiiiiiieeaaae e 217
Enable RegiSter.............covvvvvvviiiiiiiiiiiiiiiiiennn 218
Event REQISIEE.....uueeeeeiiiiee e 218
M Negative Transition Register................ceeeeeee. 218
Positive Transition Register..................cvvvvvveene 218
maximum options
averaged fundamental current.......................... 168 INStalled ... 225
current OVI ettt 154
voltage OVRI?...ooioiiieeieieee e 154
maximum amplitude voltage harmonics................ 177 OVIU oo 188
maximum crest factor OVRU?....oiiiicieieieieie e senenenes 188
VOIBGE. ..ttt 177
maximum duration
current NarmoniCS.........oovvviiiiiiiiieee e 169
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P SMOOLNEd. ... 167
POWET fACTOL.....eiiie e 182
P e 181 RAIMONIC IMIS.......covsso v 148
P e 181 MAXIMUM SMOONEM. . -vvvvvvvrsssssss v 166
Parallel Poll Enable Register ..........ccooceeiiiiiiieeennnnns 143 SMOOINEA. ... vvvvvvvrrsssssssvvensssss s 166
Partial odd harmonic current ... 171 PRES. ...t 218
. T Preset
Partial odd harmonic limit...........cccooeevveveeiiiineeennnn. 172 ) )
peak peak 'operatlon and query registers............cccveeeeeennn. 218
CUMENt.. 153 printer h.ead(.ar....... ..................................................... 226
VOIBGE. .. ettt 187 processing signal interface
. FIEQUENCY. ... 165
periods
flicker. 201 PSO . 148
PF oo 182 PSlumm 160; 163
PE?. 182 PSH e 160
PESO.. 148 Pt 163
P 174
phantom values Q
1= [T PR 205
phase , e eee e e 156; 182
CUMTENE AAMONICS..vrvvvvvvvrrrsssssssssssssssssss 1l Q2 s 182
FIESNEl oo L L T 175
maximum peak voltage............ooecvveiieeereennnnnnns 178 om 181
minimum peak voltage............ccccccovviiiiiiiennnenn. 178
referenCe.........ooo s 202
voltage harmonics............ccccceeeeinniiiiiiiiiceeeeee 179 Questionable Status
phase angle.........ccccoiiiiiiiiiiiiee e 182 CONGItION REGISIEL. .. ovvvvvvveveeeeeoeoeeoeeeoeoo 219
current Enable Register..........cccuvviiiiiiiiiiiiiiiicceeeen 219
voltage peak. Y o1 LYo £ (= 220
PHDR ..ottt Negative Transition REgiSter..............ovvvvvvvvvn.. 220
PHI .o POStive Transition REGIStEr.........ovvvvvvvvverroe, 220
PHI?. .
Pl e
PR e 159 R
PIES et 163
P 180  range
PIM? e 180 current
PN e 159 voltage
PMOoml......cooiii 158  range usage
PMOMS ... 161 current
PMS 163 voltage
power ranges
ACHVE....ooiiiii 181 VORBAGE. ..., 210
APPANENT ... 181  atio
average active...........ocovveiiiiiieiienie 180 frEQUENCY IVITEL... . v eeeeeeeeeeeere e, 201
average apparent.........cccooouiereniiiinen e 180 reactive
QVETage MEACHVE. .......cviiiii s 181 ENEIGY. ..ottt 157
CAPACIIVE ... 182 (EACHVE POWEL........eoeeeeeieiie e 182
diStOrtioN.......veiiiiiiiiiii 174 NAIMONICS. e 175
full SCal...ccovnceee e 181 reactive serial iIMPedanCe. ..........ovevveveveererennen. 183
half wave............cccoi 161 real MEASUNNG tIME .....vveveeeeeeeeereeeeeeeeeeeeeereeeeseees 155
harmonic limits............cccoooiiiiiii 148 rectified
INAUCHIVE.....oviiiiiiii 182 CUITEN oo 153
MaximMUM SMOONEA. ... 166 VOIAGE. ... 188
FEACHVE.....eoiviiiiiiii it 182 reference
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PhaSE.. ..o 202
reference impedance............cccoovvvvvevvviiiiiiieninnnnnnnnns 149
register

EVent Status..........oovieiiiiiiiiieeiieii e 142

Event Status Enable...........cccoceiiiiiiiiiiiiiieieeeee, 141

Operation Status Enable .............ccccccviviviieeennnn.n. 218

Operation Status EVeNL..............cvveeennninnnnnnnns 218

Operation Status Negative Transition.............. 218

Operation Status Positive Transition................ 218

Parallel Poll Enable.........cccccovuvviiviiiiiiieeeeeeeeeeee 143

Preset

operation and QUELY.......cccoveeeieieeeeeeeeeeeeaaaeens 218

Questionable Status Condition......................... 219

Questionable Status Enable ..............cccccvvvvenennnnn. 219

Questionable Status Event..............ccoeevvvvveeeeens 220

Questionable Status Negative Transitian........ 220

Questionable Status Positive Transition.......... 220

Service Request Enahle.............ccccvvvveeeiennnnns 144

StatuS BYLe ..o 144
reject phantom values............cccceveeeeeiinniiiiieneeenn. 205
remaining long time

FICKET e 160

NAIMONICS.....eeviiiiiiii e 173
remaining Short time...........cccccoeviiiiiiiiiieeeeee s 164
remote - OPEratiQnl..........ccvvvveerieeeeeee e e 232
FEMOLE StALE.....ceveiiiiii e 232
[ SEST <) PP 228

EVICE. ..t 143

ISPIAY....cc i 150

LT ST 0 PP 228
resistance

active serial.........ooiiiiiiiiii e 183

IMPEAANCE.......oiiiiieeieeeeeeeeee s 183
result

ClaSS D.ueeeeee e 167

current fluctuating harmonics,

CUITeNt NArMONICS. .....vvvriiriiiiiiee e 171

FICKEN e 164

flicker measuring...........cccccvvvvvvvvrvriie 160

harmonics current check..............cceeenne.. 169; 172

harmonics voltage check............ccccccco.c. 176; 179

voltage harmonics............oooeiiiieeiieenne. 177; 178
RLS?. ettt 184
RNGL..ceee 197
RNQU. ..o 210
RSCE. ..ot 148
RSEL. . 183
RSER?. ...t 183
running integration time.............coco e 157
S
S s 181

S 2 e 181
SACT -ttt 212
sample counter

14T [0 1= R 213
SAMPIE VaAlUES.........ovviiiiiiiiiiiiee e 213

101=T0010 ) VS 193

STz 1Y/ a0 = LA (o 213
sample values after trigger...........uvvvveveeenenniiinnnnnnn. 212
sample values before trigger.........ccccveveennninnnenns 212
samples per diviSion.............cccooeeeeeeeeeeiie 211
sampling freQUENCY.........ccvvvvevveeiiieiiiiiiieiieiiiiennnnnnnn 165
SATR . 212
SBT R 2 et 212
scaling

LoTN [ =T o | TP 198

frequency iNPUL........ooooeeeeeee e 200

A1 7= o TSRS 211
scope

frEEZE. ... 192
SCPI

EXAMPIE....eeiiiiiiei it 234

VEISION. ..ttt e ee ittt ettt e et e e e 226
SCPINEATELS.......vviieiiieeiiiiitieee e 224
script editor
SCTC2..........
ST T e
self test
sensor

identify CUrreNt........ccceeiiiiiiii e 196

identify VOltage. .......ccooeeriiiiiiiiiee 209
1T 41T g ] o 10 ) 196; 209
Service Request Enable Register..........cccccceeeenn. 144
S 174
SHEAD?Z. ..ot 224
SHORT

EXAMPIE. e 236
SHORT hEAUEIS.....ovviiiiiiiiiiiii e 224
short term flicker measuring time.............ccccccveee. 201
shunt input

internal/external ..........cccccoo 196
signal

TraNSIENTS ... 208
signal coupling..........oooeviiieiiiei 191
ST 1 OO U TP UPPPPPPP 180
S e 180
SMOO ... ittt 202
smoothed

average harmonic Current...........ccccceveeeenennnnnnnns 172

harmonic current.............ccco oo 172
SMOONEA POWEN......vvviiiiiiiieee e 167
smoothed power factar.............ccceeeeeeeeeeieiieee 166
smoothing

NAIMONICS.....eeveiiiiii e 202
SIMPL?. e 165
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SONT ettt 218
SOP T ettt 218
S 2 e 219
SOE e 220
SQEN ...ttt 219
SONT ettt 220
SO P T ettt 220
START e e 228
[T0 L] (0 )PP TPPPTRPIN 228
FICKET e 228
start date
BIIBIGY. ettt ettt e e et e e e ettt e e e e e e 203
Start tiMe ENEIGY........uvvvveeriiiiiiiiiaeraaae e e e e e e eeeeaeeas 204
Startup CUIMMENt ... 152
(1] USSP UPPPP 227
state
BIIEIGY. ettt e ettt e et e e e et e e e e eaa e 204
FICKET s 164
0T 232
FEMOLE.. .ot 232
ErANSIENTS? . eeeeees 184
Status Byte Register.........ccccuvvvviiiieiiniiiiieeeeen 144
STOP. .ttt 229
LTS 0 PR 229
FHCKET e 229
tranSIeNtS ..o 229
SUPPIY SYSLEIML....evviiiiiieeiiiiiiiiiieee e 148; 184
SYNC ...ttt 231
synchronisation
demodulator...........cooovviiiie e 230
high Pass........cooo s 230
[OW PASS...cciiiiiiiiiiiiiiiieeeeee 230
101U o =P 231
synchronisation source
FIEQUENCY. ... 165
SYNEAX...eiiiiiiiiii i 139
SYSD. .ttt 148
system
SUPPIY - 148; 184
system date

system time

T
TACR ..t 206
TCTL ettt 232
TDUR Lottt 207
test IMPEedanCe...........ovvvvvvvveiiiiiiiiiiieeias 149
TRUN e 207
THD

CUITENT. ..ot e e 173

measuring harmoniCs...........coovuriiiiiiienieeennais 203
rUNNING INtEGration.........ccoeveeeeeeeeeeeeeeeeeeeeeeeeeeeen, 157
short term flicker measuring time............c........ 201
Start ENEIgY.... o ceeeieiei e 204
SYSIEIM .. 226
time interval
BIIBIGY. ettt e et e et e et e ettt e e e e e e e 203
TLIA e 206
TLIB et 207
TOCR e 207
Total harmonic CUrrent............ooccvevieieerieee e 173
transients
AND condition register............oocvvveriieereeennnnnnns 206
event dUration..........coovviiiiiiiiiineeee e 207
FUNCHON .. 207
IS e 206; 207
OR condition register..........cccccceeeinnnniiiiieeeeeenn. 207
SIGNAL e 208
StAte L.ev 184
STOP. . 229

TRGT e 230
L0 L] PR 144
demodulator.........coovviiiiiiii e 230
high Pass........oooo s 230
INFUSH CUITENT ... oo 227
JOW PASS...coiiiiiiiiiiiiiiiieeeeee 230
Sample COUNeL.........oooveii e 213
LS00 | (ol TP 231
TRMS
(ol U 4= o | SO TUPRUPRN 154
half wave..........cooeieiiiiee e, 159; 163
VOIBGE. ... 188
T RS T e 229
TSR i 208
TS T A 2 e 184
TS TP e 229
U
L Vo3 185
L 7 185
UAM .o 210
UCE 186
[ N 186
UGG e 186
UD 2. e 186
L ] 5 I 209
L ] I 209



Interface command index
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U e 186
L N 186
U e 175
UNWI e 159
UNWS. .o 163
UILS o 210
L S 177
L0 11 = N 177
L0 1 N 187
UMIN? e e e 187
U 179
UPHI . e 187
UPKN e e e e e e e e e e e e e e e e e e e e e eeeaes 187
L1124 o PRSI 187
(6] o] o TP UP PP UPPRTRPPRt 187
UP P 2 e 187
UREC e e e 188
L0 o4 188
URNG. ... e 210
US C A e 211
USCaL ..o 211
Uth. e 180
L0 14 TN 188
UTRMS ... 188
V
value
analogue OULPULS...........covvvvvveeeeeiiiiiiieeeeeeinennnnnns 217
digital QUIPULS.......evveieiiiiiiiieee e 216
VAR e 184
variables.........cooooiiiiii 184
access by name........eeeciiiiiiii 185
version
flicker standard...............coevviiiiiii i 147
harmonic standard..............ccccceeeeeeiiiiiiiiie e, 149
voltage
AC 185
analogue iNPUL.......cooeeeeeeeeeeeeeeeeecieeeececeeeeeeeeeeeees 185
AULOTANGE ... ettt e e e e e 210
Crest faCtor.......covviieiiii e 186
D 186
form factor.........ccooevvii i 186
fUll SCAIB... i
harmonics amplitude
harmonics IMIL............cccciiiiiii e,
harmonics phase.........ccccccciiiiiiiiiccs
harmonics result..........ccccoeeeeiiiiiiiieneee.
INtErharmMONICS.......ccooeeiiiiiieee e
MAXIMUML ... e e e e e e e e eeeees

318

maximum crest factQr...........cccceeviieiiiiniiiiiee, 177
maximum harmonics amplitude........................ 177
Maximum PRASE...........ovvvvvvieeeieeeieenns 178
MINIMUIML e 187
minimum crestfactar.............ccccccvvvvviiiniiiiiiiiens 178
MINIMUM Phase...........oovvviviiiiiieieiee 178
pPeak PeaAK ....cceiieiei 187
peak phase angle...........cccoiii 179
phase angle.

TANGE . ttteeteeeee e e e ettt et e e e e s e et e e e e e e e e e aannannes
range usage

L=T01 1] 1T o PP

voltage sensor

IAENTITY ..o 209
W
R L PRSI 145
WAVE?. ... 213
waveform

new information about............ccccccooviiiiiiiiennnnnn. 212

sample Values............uuuevviiiiiiiiiiieeieiee e 213

sample values after trigger..........ccvvveveeennnnnnnnn 212

sample values before trigger............ooecvvvvveeeen. 212
WIRE ... e 214
1711 T 214
X
D1 TSRS 183
XSER?. e 183
Z
Z e 183
s 183
ZEero PoiNt rejeCtioN..........covvvvviieieeeeeeeiieeeeeeieeienennas 214
zero position

analogue iNPUL........cooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene 194

aNAlogUE OULPUL........vveveeeiiiiiiiiiiieenaeesaeaeaeeeeeeans 217
ZREF ... 149
AL 1 DU 149



