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Copyright © Tektronix. All rights reserved. Licensed software products are owned by Tektronix or its subsidiaries
or suppliers, and are protected by national copyright laws and international treaty provisions.

Tektronix products are covered by U.S. and foreign patents, issued and pending. Information in this publication
supersedes that in al previously published material. Specifications and price change privileges reserved.

TEKTRONIX and TEK are registered trademarks of Tektronix, Inc.

Contacting Tektronix

Tektronix, Inc.

14150 SW Karl Braun Drive
PO. Box 500

Beaverton, OR 97077

USA

For product information, sales, service, and technical support:
= |n North America, call 1-800-833-9200.
= Worldwide, visit www.tek.com to find contacts in your area.


http://www.tek.com/contact

Warranty

Tektronix warrants that this product will be free from defects in materials and workmanship for a period of three
(3) years from the date of shipment. If any such product proves defective during this warranty period, Tektronix, at
its option, either will repair the defective product without charge for parts and labor, or will provide a replacement
in exchange for the defective product. Parts, modules and replacement products used by Tektronix for warranty
work may be new or reconditioned to like new performance. All replaced parts, modules and products become
the property of Tektronix.

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration of
the warranty period and make suitable arrangements for the performance of service. Customer shall be responsible
for packaging and shipping the defective product to the service center designated by Tektronix, with shipping
charges prepaid. Tektronix shall pay for the return of the product to Customer if the shipment isto alocation within
the country in which the Tektronix service center is located. Customer shall be responsible for paying all shipping
charges, duties, taxes, and any other charges for products returned to any other locations.

Thiswarranty shall not apply to any defect, failure or damage caused by improper use or improper or inadequate
maintenance and care. Tektronix shall not be obligated to furnish service under this warranty a) to repair damage
resulting from attempts by personnel other than Tektronix representatives to install, repair or service the product;
b) to repair damage resulting from improper use or connection to incompatible equipment; ¢) to repair any damage
or malfunction caused by the use of hon-Tektronix supplies; or d) to service a product that has been modified or
integrated with other products when the effect of such modification or integration increases the time or difficulty
of servicing the product.

THISWARRANTY ISGIVEN BY TEKTRONIX WITH RESPECT TO THE PRODUCT IN LIEU OF ANY
OTHER WARRANTIES, EXPRESS OR IMPLIED. TEKTRONIX AND ITS VENDORS DISCLAIM ANY
IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
TEKTRONIX' RESPONSIBILITY TO REPAIR OR REPLACE DEFECTIVE PRODUCTS IS THE SOLE

AND EXCLUSIVE REMEDY PROVIDED TO THE CUSTOMER FOR BREACH OF THISWARRANTY.
TEKTRONIX AND ITSVENDORSWILL NOT BE LIABLE FOR ANY INDIRECT, SPECIAL, INCIDENTAL,
OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF WHETHER TEKTRONIX OR THE VENDOR HAS
ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.
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Important safety information

This manual contains information and warnings that must be followed by the user
for safe operation and to keep the product in a safe condition.

To safely perform service on this product, additional information is provided at
the end of this section. (See page X, Service safety summary.)

General safety summary

To avoid fire or personal
injury

Use the product only as specified. Review the following safety precautions to
avoid injury and prevent damage to this product or any products connected to it.
Carefully read all instructions. Retain these instructions for future reference.

Comply with local and national safety codes.

For correct and safe operation of the product, it is essential that you follow
generally accepted safety procedures in addition to the safety precautions specified
in this manual.

The product is designed to be used by trained personnel only.

Only qualified personnel who are aware of the hazards involved should remove
the cover for repair, maintenance, or adjustment.

Before use, always check the product with a known source to be sureiit is
operating correctly.

This product is not intended for detection of hazardous voltages.

Use personal protective equipment to prevent shock and arc blast injury where
hazardous live conductors are exposed.

While using this product, you may need to access other parts of alarger system.
Read the safety sections of the other component manuals for warnings and
cautions related to operating the system.

When incorporating this equipment into a system, the safety of that system is the
responsibility of the assembler of the system.

Use proper power cord. Use only the power cord specified for this product and
certified for the country of use.

Do not use the provided power cord for other products.

Use proper voltage setting. Before applying power, make sure that the line
selector isin the proper position for the source being used.

Ground the product. This product is grounded through the grounding conductor
of the power cord. To avoid electric shock, the grounding conductor must be
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viii

connected to earth ground. Before making connections to the input or output
terminals of the product, make sure that the product is properly grounded.

Do not disable the power cord grounding connection.

Power disconnect. The power cord disconnects the product from the power
source. Seeinstructions for the location. Do not position the equipment so that
it is difficult to operate the power cord; it must remain accessible to the user at
all timesto alow for quick disconnection if needed.

Connect and disconnect properly. Do not connect or disconnect probes or test
leads while they are connected to a voltage source.

Use only insulated voltage probes, test leads, and adapters supplied with the
product, or indicated by Tektronix to be suitable for the product.

Observe all terminal ratings. To avoid fire or shock hazard, observe all ratings
and markings on the product. Consult the product manual for further ratings
information before making connections to the product. Do not exceed the
Measurement Category (CAT) rating and voltage or current rating of the lowest
rated individual component of a product, probe, or accessory. Use caution when
using 1:1 test leads because the probe tip voltage is directly transmitted to the
product.

Do not apply a potentia to any terminal, including the common terminal, that
exceeds the maximum rating of that terminal.

Do not float the common terminal above the rated voltage for that terminal.

The measuring terminals on this product are not rated for connection to Category
[11, or IV circuits.

Do not operate without covers. Do not operate this product with covers or panels
removed, or with the case open. Hazardous voltage exposure is possible.

Avoid exposed circuitry. Do not touch exposed connections and components
when power is present.

Do not operate with suspected failures. |f you suspect that there is damage to this
product, have it inspected by qualified service personnel.

Disable the product if it is damaged. Do not use the product if it is damaged
or operates incorrectly. If in doubt about safety of the product, turn it off and
disconnect the power cord. Clearly mark the product to prevent its further
operation.

Before use, inspect voltage probes, test leads, and accessories for mechanical
damage and replace when damaged. Do not use probes or test leads if they are
damaged, if there is exposed metal, or if awear indicator shows.

Examine the exterior of the product before you useit. Look for cracks or missing
pieces.
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Use only specified replacement parts.

Replace bhatteries properly. Replace batteries only with the specified type and
rating.

Recharge batteries properly. Recharge batteries for the recommended charge
cycle only.

Use proper fuse. Use only the fuse type and rating specified for this product.

Wear eye protection. Wear eye protection if exposure to high-intensity rays or
laser radiation exists.

Do not operate in wet/damp conditions. Be aware that condensation may occur if
aunit is moved from a cold to a warm environment.

Do not operate in an explosive atmosphere.

Keep product surfaces clean and dry. Remove the input signals before you clean
the product.

Provide proper ventilation. Refer to the installation instructions in the manual for
details on installing the product so it has proper ventilation.

Slots and openings are provided for ventilation and should never be covered or
otherwise obstructed. Do not push objects into any of the openings.

Provide a safe working environment. Always place the product in alocation
convenient for viewing the display and indicators.

Avoid improper or prolonged use of keyboards, pointers, and button pads.
Improper or prolonged keyboard or pointer use may result in serious injury.

Be sure your work area meets applicable ergonomic standards. Consult with an
ergonomics professional to avoid stress injuries.

Use care when lifting and carrying the product. This product is provided with
handles for lifting and carrying.

Use only the Tektronix rackmount hardware specified for this product.

Probes and test leads = Before connecting probes or test leads, connect the power cord from the power
connector to a properly grounded power outlet.

Keep fingers behind the finger guards on the probes.

Remove all probes, test leads and accessories that are not in use.
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Important safety information

Use only correct Measurement Category (CAT), voltage, temperature, altitude,
and amperage rated probes, test |eads, and adapters for any measurement.

c WARNING. To prevent electrical shock, do not exceed the maximum measurement
or maximum floating voltage for the test lead.

Connect and disconnect properly. Connect the test |eads to the measurement
product before connecting it to the circuit under test. Connect the reference test
lead to the circuit under test before connecting the test lead input. Disconnect
the test lead input and the reference test lead from the circuit under test before
disconnecting the test leads from the measurement product.

Connect and disconnect properly. De-energize the circuit under test before
connecting or disconnecting the test leads.

Do not connect atest lead to any circuit that carries voltages above the voltage
rating of the test lead.

Inspect the test leads and accessories. Before each use, inspect test leads and
accessories for damage (cuts, tears, or defects in the test lead body, accessories, or
cable jacket). Do not use if damaged.

Floating measurement use. Do not float the reference lead above the rated float
voltage.

Service safety summary

The Service safety summary section contains additional information required to
safely perform service on the product. Only qualified personnel should perform
service procedures. Read this Service safety summary and the General safety
summary before performing any service procedures.

To avoid electric shock. Do not touch exposed connections.

Do not service alone. Do not perform internal service or adjustments of this
product unless another person capable of rendering first aid and resuscitation is
present.

Disconnect power. To avoid electric shock, switch off the product power and
disconnect the power cord from the mains power before removing any covers or
panels, or opening the case for servicing.

Use care when servicing with power on. Dangerous voltages or currents may exist
in this product. Disconnect power, remove battery (if applicable), and disconnect
test leads before removing protective panels, soldering, or replacing components.
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Important safety information

Verify safety after repair. Always recheck ground continuity and mains dielectric
strength after performing a repair.

Terms in this manual

These terms may appear in this manual:

WARNING. Warning statements identify conditions or practices that could result
ininjury or loss of life.

CAUTION. Caution statements identify conditions or practices that could result in
damage to this product or other property.

Symbols and terms on the product
These terms may appear on the product:

®  DANGER indicates an injury hazard immediately accessible as you read
the marking.

B WARNING indicates an injury hazard not immediately accessible as you
read the marking.

m  CAUTION indicates a hazard to property including the product.

When this symbol is marked on the product, be sure to consult the manual

A to find out the nature of the potential hazards and any actions which have to
be taken to avoid them. (This symbol may also be used to refer the user to
ratings in the manual.)

The following symbol(s) may appear on the product:

+ + O |

Earth Terminal . Mains Disconnected Mains Connected
Chassis Ground OFF (Power) ON (Power)

/A

WARNING
1 High Voltage
Off On
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Compliance information

Compliance information

EMC compliance

Xii

EC Declaration of
Conformity - EMC

This section lists the EMC (electromagnetic compliance), safety, and
environmental standards with which the instrument complies.

Meets intent of Directive for Electromagnetic Compatibility. Compliance was
demonstrated to the following specifications as listed in the Official Journal of
the European Communities:

EN 61326-1, EN 61326-2-1. EMC requirements for electrical equipment for
measurement, control, and laboratory use. 1234

CISPR 11. Radiated and conducted emissions, Group 1, Class A
= |EC 61000-4-2. Electrostatic discharge immunity

m  |EC 61000-4-3. RF electromagnetic field immunity

® |EC 61000-4-4. Electrical fast transient/burst immunity

= |EC 61000-4-5. Power line surge immunity

= |EC 61000-4-6. Conducted RF immunity

= |EC 61000-4-11. Voltage dips and interruptions immunity

EN 61000-3-2. AC power line harmonic emissions
EN 61000-3-3. Voltage changes, fluctuations, and flicker

Mfr. Compliance Contact.
Tektronix, Inc. PO Box 500, MS 19-045
Beaverton, OR 97077, USA
www.tek.com

1 This product is intended for use in nonresidential areas only. Use in residential areas may cause electromagnetic
interference.

2 Emissions which exceed the levels required by this standard may occur when this equipment is connected to a
test object.

3 Equipment may not meet the immunity requirements of applicable listed standards when test leads and/or test
probes are connected due to coupling of electromagnetic interference onto those leads/probes. To minimize
the influence of electromagnetic interference, minimize the loop area between the unshielded portions of signal
and associated return leads, and keep leads as far away as possible from electromagnetic disturbance sources.
Twisting unshielded test leads together is an effective way to reduce loop area. For probes, keep the ground
return lead as short as possible and close to the probe body. Some probes have accessory probe tip adapters to
accomplish this most effectively. In all cases, observe all safety instructions for the probes or leads used.

4 For compliance with the EMC standards listed here, high quality shielded interface cables should be used.
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Compliance information

Australia / New Zealand
Declaration of
Conformity - EMC

Safety compliance

EU declaration of
conformity - low voltage

Equipment type
Safety class

Pollution degree
descriptions

Complies with the EMC provision of the Radiocommunications Act per the
following standard, in accordance with ACMA:

m CISPR 11. Radiated and Conducted Emissions, Group 1, Class A, in
accordance with EN 61326-1.

This section lists the safety standards with which the product complies and other
safety compliance information.

Compliance was demonstrated to the following specification as listed in the
Officia Journal of the European Union:

Low Voltage Directive

®  EN61010-1. Safety Requirementsfor Electrical Equipment for Measurement,
Control, and Laboratory Use — Part 1. General Requirements.

® EN 61010-2-030. Safety Requirements for Electrical Equipment for
Measurement, Control, and Laboratory Use — Part 2-030: Particular
reguirements for testing and measuring circuits.

Test and measuring equipment.

Class 1 — grounded product.

A measure of the contaminants that could occur in the environment around
and within a product. Typically the internal environment inside a product is
considered to be the same as the external. Products should be used only in the
environment for which they are rated.

m  Pollution degree 1. No pollution or only dry, nonconductive pollution occurs.
Products in this category are generally encapsulated, hermetically sealed, or
located in clean rooms.

= Pollution degree 2. Normally only dry, nonconductive pollution occurs.
Occasionaly atemporary conductivity that is caused by condensation must
be expected. Thislocation isatypical office/lhome environment. Temporary
condensation occurs only when the product is out of service.

= Pollution degree 3. Conductive pollution, or dry, nhonconductive pollution
that becomes conductive due to condensation. These are sheltered locations
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Compliance information

where neither temperature nor humidity is controlled. The areais protected
from direct sunshine, rain, or direct wind.

= Pollution degree 4. Pollution that generates persistent conductivity through
conductive dust, rain, or snow. Typical outdoor locations.

Pollution degree rating  Pollution degree 2 (as defined in IEC 61010-1). Rated for indoor, dry location
use only.

IP rating P20 (as defined in |EC 60529).

Measurement and  Measurement terminal s on this product may be rated for measuring mains voltages
overvoltage category from one or more of the following categories (see specific ratings marked on
descriptions  the product and in the manua).

m  Category Il. Circuits directly connected to the building wiring at utilization
points (socket outlets and similar points).

E  Category Il1. Inthe building wiring and distribution system.
m  Category IV. At the source of the electrical supply to the building.

NOTE. Only mains power supply circuits have an overvoltage category rating.
Only measurement circuits have a measurement category rating. Other circuits
within the product do not have either rating.

Mains overvoltage  Overvoltage category Il (as defined in IEC 61010-1).
category rating
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Environmental considerations

This section provides information about the environmental impact of the product.

Product end-of-life = Observe the following guidelines when recycling an instrument or component:
handling

Equipment recycling. Production of this equipment required the extraction and
use of natural resources. The equipment may contain substances that could be
harmful to the environment or human health if improperly handled at the product’s
end of life. To avoid release of such substances into the environment and to
reduce the use of natural resources, we encourage you to recycle this product in
an appropriate system that will ensure that most of the materials are reused or
recycled appropriately.

This symbol indicates that this product complies with the applicable European
Union requirements according to Directives 2012/19/EU and 2006/66/EC

on waste electrical and electronic equipment (WEEE) and batteries. For
information about recycling options, check the Support/Service section of the
Tektronix Web site (www.tek.com).
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Preface

Features and abilities

The Tektronix PA3000 is a powerful and versatile precision power analyzer.
Designed to provide clear and accurate measurements of electrical power and
energy on all electrical products, the PA3000 is both an easy to use bench
instrument and a fast and programmabl e automatic test interface.

[ Tektronix [|'\I|~m|-..“.. =i
EE = e
o o S IEE R
h Eh =) 1= e Yo Y '
\ oh b D s | RN
o LSS GBS
- A —

Figure i: Tektronix PA3000 Power Analyzer

Some of the basic features are listed bel ow:

M easures watts, volts, amps, volt-amperes and power factor; always accurate,
even on distorted waveforms

100 harmonics for voltage, current, and watts as standard
Oneto four channels for multiphase measurements
Quick access to results, graphing and menus

Builtin 30 A and 1 A shunt

Range of measurement from milliwatts to megawatts
Bright color display

Comprehensive range of computer interfaces including RS-232, USB, GPIB
(optional), and Ethernet

Data logging to an attached USB flash drive
+15 V supply for external transducers
Easy-to-use menu system with context-sensitive help

Built in math screen where any result can be manipulated and displayed. 1deal
for measurements such as efficiency
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Getting started

Before you begin - safety

Carefully read and adhere to the following warning statements before you connect
the power analyzer.

c WARNING. To avoid possible electric shock or personal injury please be aware
of the following items:

By connecting the power analyzer to active circuits, the terminals and certain
parts inside the power analyzer are live.

If possible, open the circuit before establishing a connection to the power analyzer.

Before connecting the circuits, ensure that the maximum measuring voltage and
maxi mum voltage to earth ground (600 Vs, CAT II) is not exceeded.

Do not use leads and accessories that do not comply with relevant safety
standards, as this could lead to seriousinjury or death from electric shock.

Shunts and conductors can generate heat when in use and surfaces can burn
the skin.

Qualified personnel ~ This product isintended to be operated by qualified personnel only. This means
only persons who are familiar with the installation, assembly, connection,
inspection of connections, and operation of the power analyzer and who have been
trained in the following areas:

®m  Switching on/off, enabling, earth-grounding and identification of electrical
circuits and services/systems according to the applicable safety standards

® Maintenance and operation of appropriate safety gear, in accordance with the
applicable safety standards

= First ad

Ensure that all persons using the device have read and fully understood the user
manual and safety instructions.

Installation = Mains connection must conform to these ranges/values: 100 — 240V,
50/60 Hz.

= The device can only be used under certain ambient conditions. Ensure that the
actual ambient conditions conform to the admissible conditions specified in
this manual.

= Ensurethisproduct isinstalled in such away that its power cable is accessible
at all times and can easily be disconnected.
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Before each use

Connection sequence

Power on

During use

Ensure that the power and connecting cables as well as all accessories and
connected devices used in conjunction with this product are in proper working
order and clean.

Ensure that any third-party accessories used in conjunction with the device
conform to the applicable IEC 61010-031 / IEC 61010-2-032 standards and
are suitable for the respective measuring voltage range.

WARNING. To avoid possible electric shock or personal injury, when the
measuring circuit is used to measure MAINS, the voltage to earth must not exceed
600 Vs in a CAT |l environment.

For safety reasons, when connecting a circuit to the power analyzer, proceed
in the sequence outlined as follows:

1

Connect the instrument power cord to a properly grounded mains outlet.
The power analyzer is now connected to the protective earth ground wire.
Power on the instrument.

Connect the measuring circuit according to all instructions and as shown in
the connection diagrams in this manual .

For connecting cables and instruments, work in teams of at least two people.

If you detect any damage to the housing, controls, power cable, connecting
leads, or connected devices, immediately disconnect the unit from the power

supply.

If you are in doubt as regards the safe operation of the device, immediately
shut down the unit and the respective accessories, secure them against
inadvertent switching on, and have them serviced by a qualified service
person.

Check that the power analyzer isin good condition with no signs of damage.

Follow the Connection Sequence described in the Before you begin - safety
section. (See page 1.)

Press the power switch to turn on the power analyzer.
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The instrument will start the power on sequence; this takes approximately
15 seconds. During power on you will see the serial number and firmware
version of the instrument.

4. Theinstrument is now ready for use.

Concept of global, group, and channel parameters

Definition of a group ~ With amultiphase power analyzer there is often a requirement to link together
measurement channels. This is known as grouping. Within a group, one
channel will act as the frequency source and reference for al other channels
in the group. Grouping is commonly used in applications such as three phase
motor measurements. Channels 1 and 2 can be grouped together to allow for
the measurement of the input power, where Channels 3 and 4 could be grouped
together to measure the output power. For more information on applying grouping
to channels, see the Wiring section of The Menu System chapter. (See page 47,
Wiring.)

Global, group, and channel ~ The PA3000 has many different settings that affect both the appearance of the
settings  resultsand the actual results. To make the instrument easier to operate, settings
might have an effect on one or more parameters. Depending on the parameter, the
influence or use of it might be on aglobal level, a per-group level or a per-channel
level. The split for parameters that have an effect on measurements and results
is defined below.

Global settings  Global settings affect all measurements. The following settings are global:
= Blanking (See page 59, Blanking.)
= Averaging (See page 59, Averaging.)
m  Update rate (See page 60, Update rate.)
= Autozero (See page 60, Autozero.)
Global settings will appear under the System Configuration menu.

Groups settings  Per-group settings affect every channel in agroup. The settings affected are:
= Measurements (See page 36, Measurements.)
B Measurement configuration (See page 38, Measurement Configuration menu.)
®  Mode (See page 42, Modes.)
m Wiring (See page 47, Wiring.)
= Ranges (See page 50, Ranging.)
B Shunt selection (See page 51, Shunts.)
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®m  Frequency source (See page 51, Frequency Source.)
®  Bandwidth (See page 52, Bandwidth.)

Channel settings ~ Channel setting are completely independent of any grouping. The following
settings are on a per-channel basis:

m  Scaling factor (See page 52, Scaling.)

When setting a parameter that is a per-group or per-channel parameter, the group
or channel will be displayed at the top of the menu. To change the group or
channel, use the left and right arrow hard keys.

Connecting to the product under test

The PA3000 will measure up to 600 V ms, CAT 11 and 30 Ams OF 1 Ays directly
using the 4 mm terminals on the rear of each analog card. For measurements
outside the range (low or high power), see the information on using current and
voltage transducers. (See page 28, Connecting signals.)

To measure power, connect the measuring terminals of the PA3000 in parallel
with the supply voltage and in series with the load current as shown in the
following figure.

WARNING. Using improper or damaged safety cables can result in serious injury
or death from electrical shock. To avoid injury always use good quality safety
cables as supplied and verify that they are not damaged before use.

Hi
E
LOAD
N
Lo A Hi Lo .

Figure 1: Typical PA3000 input connections

Refer to the following figure while connecting the cables to the rear panel input
module on the PA3000.
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Figure 2: Rear panel input module

B Connect the AC supply live to the VHI terminal.

®  Connect the AC supply neutral to the VL O terminal.

= Connect the load neutral to either the 30 A AHI or 1 A A1A terminal.
B Connect the supply neutral to the ALO terminal.

For plug-connected single phase products, the simplest and safest way to make a
connection to the product under test isto use a Tektronix Break Out Box. This
provides a line socket for connection of the product and 4 x 4 mm sockets for
direct connection to the PA3000 terminals as described above.

Turn on the supply to the load and the power analyzer is now ready to take
measurements. Note that it is not necessary to power off or power on the
instrument on when connecting the load.
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Results screen

The Results screen displays after the instrument compl etes the power-on sequence.
The following figure shows the Results screen.

0.0000 re_ 0.0000 0.0000 0.0000

Figure 3: Result screen (four-channel instrument)

Depending on the number of channelsin your instrument, the Results screen
shows up to four columns of results (one per channel). The display can be broken
down into columns and rows. Each column is one of four colors representing the
results for that group. There can be many different columns within agroup. Ina
single-phase application, there can only be one column of results per group. If the
minimum and maximum hold columns were added, then this would expand the
number of columns to three.

Within agroup, the result nameislisted in the group color on the left of the group.
All the results with the group are aways shown in the same order. The results
are shown on separate rows.

In default mode, each column represents one channel of the instrument, and
each channel is contained with a different group. Each group is configured as a
wiring setup, for example: 1 phase, 2 wire. Each row shows the measurement
type Vrms, the measured value, 248.4 and the measurement units, V. Normal
engineering notation is used to describe units, mV = millivolts (10e-3) and MV
= megavolts (10e+6).
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Navigating the Results screen

On the right side of most screensis a column of soft keys. Use these keys to
navigate through the displayed screen or to access other screens or menus. The
soft keys are displayed on the menus, but are controlled by the front panel keysto

the right of the display.

g Page up

E Scroll up one measurement row
u Scroll down one measurement row

a Page down

Toview theresultsin alarger size, press [E (ZOOM key on theleft front panel).
The screen will cycle through four different zoom levels, which are:

= Four columns of 12 results per column

®  Two columns of six results per column

= One column of three results per column

®  Four columns of nine results with six math results

If there are more columns than can be displayed on the screen (for example: six
columns of results in four-column mode), use the left and right arrow hard keysto
scroll to those columns.

Figure 4: Left and right arrow hard keys

The PA3000 has the option of fixed or auto ranging. Default is auto range. If you
choose afixed range, or the peak of the input signal is larger than the range, then
an over range condition will occur. Thiswill be indicated on the results screen
by all the results in the over ranged channel flashing on and off. In addition, the
“Vrms’ and / or “Arms’ will flash to indicate whether the over range is on either
the voltage channel, the current channel, or both.
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Navigating the menu system

Example: Choosing
measurements to display

The menu system provides complete access to all settings of the PA3000. To
access the menu system, press the[E] (MENUS key).

To return to the measurement display at any time, simply pr&@ again or
press [EH] (RESULT key).

With the menu system active, the five soft keysto the right of the display can be
used to navigate and select options. A list of the menu keys can be found in the
soft key section of the manual. (See page 23, Soft keys.)

If the menu you are in displays a group or channel name, this means that the
setting is only for the displayed group or channel. To move to another group or
channel, use the left and right arrow hard keys.

One of thefirst tasks to carry out is to change the list of displayed measurements.

To choose the measurements on the display:
1. Press [E] (to show the menu).

2. Press u to see the list of Measurements. Measurements with a check mark
will be displayed in the order shown.

3. Usethe ﬂ and u keys to select a measurement to display and press
- to enable it to be displayed.

4. To change the order in which a measurement is displayed, first select the

measurement you want to move and then press -

The selection bar will turn red.

5. Use ﬂ and ﬁ to move the measurement and then press - to accept
the new position.

To remove a selected measurement, select it and press - .

To restore the default list, see the User Configuration Menu. (See page 61, User
Configuration.)

NOTE. Depending on the mode selected, some measurements will not be
selectable. (See page 42, Modes.) More details on selecting measurements are
available. (See page 36, Measurements.)
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On-screen help

Throughout the menu system, on-screen help is available to provide summarized
help on the subject at hand. For example, pressu and then preﬂsthe -
(HELP) key; help on the Main Menu will be displayed. Press - again to
remove the help and return back to the previous screen.

Asyou select menu options and need help on a particular screen, press - to get
a brief summary of help on that subject Help does not exist on every screen and

at every level; if you press - without any help showing then there isno help
available at this level.
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Front panel

Front panel controls and connectors
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Figure 5: Front panel controls and connectors

Table 1: Front panel controls and connectors

Quick view keys

Left and right arrow hard keys

USB connection for flash drives

640 x 480 TFT display

Soft keys

Menu and Help keys

Number and formula keys

Front mounted on / off switch

OVl |lW|IN|F

Operational and alphabet keys
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Quick view keys

12

The Quick view keys provide easy accessto different display screens.

(" RESULT

SETUP ZOOM

) @

A

Figure 6: Quick view keys

The first seven keys change the display screen to show different information:

[E (WAVE key) displays waveforms.

@ (BAR key) displays a harmonics bar chart.

(INTEG key) displays integrator waveforms when in Integrator mode.
(VECTOR key) displays a vector diagram.

(MATH key) displays the math results as configured from the math
menu.

@ (SETUP key) displays a screen showing the current instrument
configuration.

Press any one of these keys to change to the appropriate display. Pressing the
same key again has no effect.

At the bottom there isaZOOM key ([ ‘A~ ) and left and right arrow hard keys.

The ZOOM key changes the number of results displayed on the screen. It will go
from four columns, to two columns, to one column, and then to four columns with
math results at the bottom. Pressing again will return the display to four columns.
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The left and right arrow hard keys move the results left and right to see more
results (there can be up to 15 columns of results). The left and the right arrow
hard keys are also used in other screens such as the menu screen for changing
groups or the waveform screen for moving the cursors.

Results screen

The Results screen is the default, power on screen for the instrument.

Figure 7: Results screen

The Results screen displays al the requested results.

The size / number of results on the screen can be controlled by pressing E

The actual results displayed, aong with the order in which they are displayed, is
controlled by the M easurements menu. (See page 36, Measurements.) The number
of harmonics displayed, the minimum and maximum hold columns displayed,
and the display of the Sum column are controlled using the Measurement
Configuration menu. (See page 38, Measurement Configuration menu.)
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Waveform screen

Press @ to display the Waveform screen. This screen shows waveforms of the
measured data in continuous operating mode.

ey

BAND

GROUP &

Figure 8: Waveform screen

The Waveform screen consists of two sections. At the top right of the display are
the volts, amps and watts values for each of the channelsin the group. The label
for the channel is color coded to match the waveform. (See page 53, Graphs and
waveforms.) Measurements are displayed even if the waveform is not.

Below these measurements is the actual waveform which is plotted out against
the X and Y axes.

Select the waveforms to view by pressing é] selecting Graphs and
Waveforms, and then Waveform followed by the actual selection of volts, amps,

or watts to display as a waveform. You can also press lasdd as a shortcut to
quickly access the Select Waveforms menu.

Waveform selection is done on a per-group basis. Only signals within a specified
group can be displayed on the same waveform graph.

Changing the group is done by using the left and right arrow hard keys at the
bottom left of the display. This changes the group of and the waveforms displayed.
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When drawing a waveform, the phase reference signal for the group is started

at the intersection of the X and Y axes. Choosing to display or not display the
reference waveform will not affect the position of the other waveforms. For
example, if Channel 1 volts was the phase reference and Channel 1 amps was 90
degrees lagging, but Channel 1 volts was not displayed, then Channel 1 amps
would still start at 90 degrees lagging.

For the X (time) axis, the range will be twice the period of the lowest frequency
signal being displayed, rounded up to time starting with 1, 2 or 5. For example, if
50 Hz is the lowest frequency, then twice the period would be 40 ms, and 50 ms
would be the time base. If there is no frequency measured on any of the displayed
waveforms (all DC), then 500 ms will be used for the time base.

For the Y axisthe range for al the displayed channels of the same units (volts,
amps, or watts) is examined. The maximum range is the range used.

Bar chart screen

Press @ to display the Bar chart screen. The Bar chart screen displays either
volts, amps or watts harmonic information in the form of abar chart.

AH1: +923.69m4, -21.111 *  AH1:+923.69mA, -21.111 ® GROUP A: Ch1
1.04

Figure 9: Bar chart screen

The data used for the display is based on the harmonics setup for the group in
which the channel isin. All soft key actions are on a per-group basis. The left
and right arrow hard keys are used to change channel.

Harmonics do not need to be displayed as results for the bar chart to show
harmonics. If harmonics are never displayed, and never configured, then the bar
chart would be based on the default harmonic setup.
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At the top of each graph are two readings and group and channel name. The
first reading is the fundamental value, in the measured units, and phase angle.
The second result is the highlighted harmonic in the same units as it would be
displayed on the results screen (either percentage or absolute as defined by the
users setting for the group) and the phase angle. The phase angle will be displayed
irrespective of whether it is displayed on the results screen.

Anindividual harmonic can be selected by using the left and right arrow soft keys.
The selected harmonic will be yellow as opposed to green. The left and right
arrows will only change the selection of the harmonic with the active group. If the
display isonly showing one bar chart, then using the selection is straightforward.
When the user then changes to the next channel using the left and right arrow hard
keys, the harmonic selected will be based on possible changes when viewing

the previous channel.

For the X axis, the maximum number of harmonic values that can be displayed
is 50, even though there could be up to 100. The harmonic values displayed are
determined by the harmonic sequence and range for the appropriate group. For
example, if the unit has been configured to display odd and even harmonics up to
the 50th, then 50 harmonics will be displayed. If only odd harmonics up to the
19th, then 10 harmonics will be displayed.

If the number of harmonics to be displayed is less than 50, then they will be
spread across the allowed width of the graph. If the user has selected more than
50 harmonics to display, then the left and right arrow soft keys will be used to
scroll through the harmonics and the axis labels will be changed after the 50th
harmonic result has been reached.

A summary of the soft keysis detailed below:
Toggles the harmonics displayed between

volts, amps, and then watts, returning back
to volts. Works on a per-group basis.

- Changes the harmonic selected by one to
the right (higher order).

- ﬂ Changes the harmonic selected by one to
the left (lower order).

HAR Jumps to the harmonics setup menu.
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Front panel

Press [ Joo ] to display the Integrator screen. The Integrator screen allows you to
display integrated results on a graph when in Integrator mode. (See page 43,
Integrator mode.)

Time: 30.211 sec

m¥aHr

500.0

Figure 10: Integrator screen

One of the following results can be displayed at any one time:

Watt Hours

VA Hours

VAr Hours

Amp Hours

Watts Average

PF Average

Volts

Amps

Watts

Fundamental VA-Hours (VAHT)
Fundamental VAr-Hours (VArHf)

Correction VArs

PA3000 Power Analyzer User Manual
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Aswith the integrator itself, the results are displayed on a group-by-group basis.
This means that the maximum number of plot linesis four, which will occur in a
3p4w system with sum results. There is the option of adding or removing plot
lines from the display within the constraints of the group. For example, you could
select to see the Channel 1 result and the Sum result.

There are two reasons for alowing this selection:

m Inabalanced three-phase system, the integrated readings for each channel
will be very similar and so the plot lines will be overlaid one on top of the
other. This could lead to confusion.

B Againin abaanced three phase system, if a channel and the sum results are
displayed on the same graph, the channel plot will never come higher up the
Y axisthan 1/3 way, at best. Removing the sum result and rescaling the Y
axis allows better resolution for the channel plot.

At the top of the display is areading for each channel in the group (including the
Sum channel). The reading is for the same result asis selected in the integrator
waveform setup screen to display on the screen, for example, if the plot is WHrs,
then the reading is WHTrs.

The plot is aways in the same color as the channel designator.

At any time while the integration graph is being displayed, pressing the left
or right arrow hard keys will change to group results. If only one group isin
integrator mode, then graph will not change.

Both the X and Y axes are automatically scaled. For the Y axis, the time will
change automatically as the integration time increases. This allows for the best
viewing of the graph.

Any time during integration, you change the plots by pressing the INT soft
key. This takes you directly to the integrator waveform setup menu with the
appropriate group selected.
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Vector screen

Press [E] to display the Vector screen. The Vector screen displays one of volts,
amps, or volts and amps harmonic information in the form of a vector diagram.

GROUP &

Harmonic: 1

Figure 11: Vector screen

Vectors will be displayed on a per-group basis. The left and right arrow hard keys
change the currently displayed group. The active group is displayed in the top left
corner in the appropriate group color.

The left and the right soft keys change the harmonic number currently being
displayed. The harmonics available for display will be the same as the harmonics
in the results screen. There are two differences. The first is that if the results
screen is configured to display magnitudes as a percentage of the fundamental, the
absolute magnitude will still be used. Thiswill alow atrue comparison between
the magnitudes of the selected harmonic for each channel in the group. The
second isthat if the user has not enabled harmonics to display, then the harmonic
setup will still be used. This provides a quick way to view harmonic information
without displaying harmonics.

The V/A top soft key toggles the display between displaying volts vectors only,
amps vectors only, and both volts and amps vectors.

Each vector displayed is shown in adifferent color. There can be up to six vectors
displayed on the graph at one time. Thiswould be a for a 3p4w configuration
showing volts and amps.

In addition to displaying a vector line, the magnitude and phase angle of the vector
are displayed to the right of the vector diagram. Both the voltage and current
information is shown even if the vector is not.
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The magnitude is based on the maximum range for the group being displayed
(in auto range channels can be on different ranges). The ranges will not change
when the harmonic number is changed, allowing avisual comparison between

harmonic numbers.

A summary of the soft keys is detailed below:

VIA

Toggles the vectors displayed between volts
only, amps only, and volt and amps together.
Works on a per-group basis.

EiE3

Changes the harmonic vector displayed by
one to the right (higher order). Works on a
per-group basis.

Changes the harmonic vector displayed by one
to the left (lower order). Works on a per-group
basis.

Jumps to the harmonics setup menu. Jumps to
the appropriate group.

Press[ Z ] to display the Math screen. The Math screen displays user configured
values. These can be a selection of desired values displayed on one easy-to-read
screen, or basic measurements mathematically manipulated to show arequired

avaue.

Figure 12: Math screen

0.0000
82313 wer
0.0000
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Up to 30 math functions, labelled FN1 through FN30, can be defined. For each
function the following can be specified:

®  Name. User friendly name up to ten characters. (Default is the same as the
label, for example, FN1). In the menus, the function label is always displayed
alongside the users name for the function.

®m  Units. User friendly units such as W for watts. (Default is blank). Prefixes
such asu, m, k, M will be added to the unit as appropriate. Units will be
up to four characters.

®  Function. The actua math formula, up to 100 characters.

Additiona information can be found under the Math results. (See page 56.)

Setup screen

Press @ to access the Setup screens. The first screen displays the current
configuration of the channels and groups, and items such as blanking and remote

control settings. Press u or a to view information at the bottom of the
screen.

Analyzer Configuration

Channel 1 Channel 2 Channel 3 Channel 4
¥ Scaling 1.000 1.000 1.000 1.000
I Scaling 1.000 1.000 1.000 1.000
Ext.Shunt Scal. 1.000 1.000 1.000 1.000
¥ Ext.Phase Comp. 0.000 0.000 0.000 0.000
Ext.Phase Comp. 0.000 0.000 0.000 0.000
V Range 200 V
Range 12.5 mA 500 mA 900 mA 900 mA

—

—

n
-
n
-
o
-

GROUP A GROUF B GROUP C GROUFP D

Wiring 1Ph2W 1Ph2W 1Ph2W 1Ph2W

Mode Integrator Normal Normal Normal

¥ Range Auto Auto Auto Aulo

I Range Auto Auto Auto Auto

Shunt Internal 1A Internal 30 A Internal 30 A Internal 30 A
Freq. Source Volts Volts Volts Volts

Phase Ref. Yolts Yolts Volts Yolts

Freq. Range >10 Hz >10 Hz >10 Hz >10 Hz
Bandwidth High High High High

Press -» for instruments information

Figure 13: Setup screen (first screen)

Access the second screen by pressing the right arrow hard key at bottom, left
side of the front panel. This screen shows instrument configuration including
information, such as when the unit was last verified and last adjusted, the serial
number of the unit and the firmware version, and information on the installed
analog cards.
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Front panel USB port
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Analyzer Configuration

Serial Number B0O0OO106
Firmware version 3.1.0
Language English

Serial Number Hardware Rev. Last Verified Last Adjusted
Main Card 090018507FV¥G 15
Channel 1 090018107GYZ 16 2015-09-21 2015-09-21
Channel 2 090018107GXZ 16 2015-09-21 2015-09-21
Channel 3 090018107GY0 16 2015-09-21 2015-09-21
Channel 4 090018107G20 16 2015-09-21 2015-09-21

Press <- for vwser information

Figure 14: Setup screen (second screen)

Use the front panel USB port with an attached USB flash drive to capture screens
or to collect data for use on another device.

When you connect the flash drive to the USB port, the LED under the DATA
OUT key momentarily turns on.

When you press the SCREEN SAVE key, the instrument performs a screen
capture and saves the screen to the flash drive. The LED under the DATA OUT
key turns on while the screen is saved to the flash drive.

When you press the DATA OUT key, the instrument logs the measurement data to
afile on the flash drive; the LED under the key blinks while the instrument logs
the data. Press the key again to stop the data logging.

For additional information on the front panel USB port refer to the discussion
under Communication ports, later in this document. (See page 146, Front panel
USB host port.)
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Soft keys

Soft keys provide context-sensitive functionality. Common soft key images
provide common functionality. The common soft keys are shown below. If the
symbol on the key is gray, the limit has been reached. Details on the specialized
soft keys are in the appropriate section of this manual.

Page up

Move up one result / menu line / help text line.

No functionality

Move down one result / menu line / help text
line.

Page down

Go to the previous menu.

Go to the next menu.

Move the selected measurement up or down
in the list.

Move selected measurement up one row

Move selected measurement down one row.

Select highlighted item.

Cancel

Apply value.

Delete one character to the left of the cursor.

Clear the text entry.

BEEEREE BB 0RO 0
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Menu and Help keys

The Menu and Help keys are located above the operational and al phabet keys to
the right of the display.

u E Toggles the on screen menus on and off. The menu will aways come on
at the top level.

u Toggles on screen help that is context sensitive based on the current
display. Pressing any other key, other than configured soft keys, when help is

displayed, will have no effect. Press again to close the help screen.

Operational and alphabetical keys

To the right of the soft keys are the operational keys, which also function as a
way of entering alphabetical characters.

ABC DEF

USER USER
==
GHI JKL
[SCREEN] [ DATA |
SAVE ouT

J

MNO PQRS

rRFSE‘[ zl‘-J':F-kn
L CLEAR] { RU!\;J
TUvV WXYZ

"

HOLD i LOCAL

Figure 15: Operational and alphabet keys

B USER 1/ABC, USER 2/ DEF. These keys provide quick accessto a
set menu. Pressing and holding either of these keys for 2 seconds while
displaying a menu will link the menu to the pressed key. For example, if you
press and hold USER 1 while the Voltage range menu is showing, then press
USER 1 while any other screen is showing, the Voltage range menu displays.

m  SCREEN SAVE / GHI. Press this key to perform a screen capture and to
save the screen to a compatible flash drive connected to the front panel USB
port. The screen is saved as a bit mapped file in a PA3000 folder on the flash
drive. The file name is automatically assigned by the instrument, such as
SCREENO1.BMP; if the name aready exists, the instrument increments the
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number to avoid overwriting an existing file. The LED under the DATA OUT
key turns on while the data is written to the flash drive.

m  DATA OUT / KL. Pressthis key to start or stop adatalog. If dataisbeing
logged, then this key will flash.

= RESET/CLEAR/MNO. Thefunction of thiskey depends on the configuration
of the instrument. It can clear minimum / maximum hold results and reset
the integrator.

B |INTEG RUN / PQRS. Press this key to start or stop the integrator. If the
integrator is running, then this key will be on.

m HOLD / TUV. Press this key to stop updating the results on the screen.
Pressing again lets the results change. If the display is held, then the LED
under the HOLD key will be on. If theintegrator is running, the values will
still be accumulating.

B LOCAL / WXYZ. Any time the instrument receives communications via
USB, GPIB, Ethernet, or RS-232, the front panel will be locked out. Press
the LOCAL key to return control to the front panel. When the front panel is
locked out, the LED under the LOCAL key will be on.

To enter alphabetical characters, press the SHIFT key, located under the Number
and formulakeys. The LED under the SHIFT key turns on. Each time the same
alphabetical character key is pressed the letter being entered changes in the order
shown above the key. If the key is not pressed for one second, or a different key
is pressed, the cursor will move to the next position.

Number and formula keys

The main purpose of the numeric section of the keypad isfor numeric and formula
entry. The keys are as follows:

m 7/ Xx. Number seven or, with SHIFT, multiply

®  8/-. Number eight or, with SHIFT, subtract

= 9/ +. Number nine or, with SHIFT, add

m  4//. Number four or, with SHIFT, divide

B 5/ (. Number five or, with SHIFT, left parentheses

m  6/). Number six or, with SHIFT, right parentheses

® 1/ SIN. Number one or, with SHIFT, sine function

= 2/ COS. Number two or, with SHIFT, cosine function

®m 3/ TAN. Number three or, with SHIFT, tangent function

®  0/:. Number zero or, with SHIFT, a colon)
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./ SPACE. Decimal point or, with SHIFT, space

® =/xv. Equasor, with SHIFT, X to the power Y

B +/—/x2. positive or negative or, with SHIFT, X squared

m  SHIFT. Press this key to enter alternate functions on the keypad.
®  ENTER/ . Enter or, with SHIFT, square root.

Logging data to a storage device

26

Logging data

Data storage and format

The PA3000 can log data to a USB flash drive. The unit will log all selected
measurements into a comma separated value (.csv) formatted file that is stored on
the connected USB flash drive. Results will be logged at the rate specified in the
USB Host Data Out menu (the default rate is every 0.5 seconds).

Prior to enabling datalogging, insert a USB flash drive into the USB host port on
the front of the PA3000. The rear port cannot be used for USB flash drives.

To start data logging press the DATA OUT key. The LED under the key flashes
indicating the datais logging. To stop datalogging, press the DATA OUT key.
When the LED stops flashing, the USB flash drive is safe to remove.

The datawill be logged in a directory created by the PA3000 on the USB flash
drive. The directory structure created will contain the last five digits of the serial
number of the PA3000 used and the date at the start of datalogging. The file name
will reflect the time at the start of data logging in 24-hour clock format and will
have a .csv extension.

For example, if a PA3000 with serial number 100010210134 begins data logging
on 31 March 2016 at 2:18:56 PM, the directory tree will be as shown below.

\PA3000\10134\16-03-31\14-18-56.csv

The first portion of the file will contain a header identifying the instrument used
by serial number and the time data logging began.

The second portion will contain information on the group configuration of the
PA3000. It will contain the group index, the name of the group, the number of
channelsin the group, and the number of results returned for the group.

The third portion of the file will contain column headers for every measurement
currently selected. Subsequent columns will contain an indexed set of the
measurements currently selected, in the order displayed on the PA3000 screen.
An example of the data returned is shown in the following figure.
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A B (€
1 |Tektronix PA3000
2 |Serial Nur B010134
3 |Firmware 3.1.0
4 |StartDate  3/15/2016
5 |Start Time 14:18:56 AM
6
7 |Group Name #of Ch.
g 1 GROUP A 1
9 2 GROUPB 1
10
11 # Math Re 6
12
13
14 |Index Time Vrms(1)
15 1 11:56:24 1.19E+02
16 2 11:56:25 1.19E+02
17 3 11:56:25 1.19E+02
18 4 11:56:26 1.19E+02
19 5 11:56:26 1.18E+02
20 6 11:56:27 1.18E+02
21 7 11:56:27 1.18E+02
22 8 11:56:28 1.18E+02
22 9 11°5R-72 1 1RF4N7?

Figure 16: Example data file

#of Res.

Wiring

59 1Ph2w
0 1Ph2W

Arms(1)

1L.02E+00
L.03E+00
1.03E+00
1L.03E+00
1.03E+00
1.03E+00
1L.02E+00
1.03E+00
1 N2FHN

Watt(1)

1.00E+02
L.01E+H02
1.01E+02
1.01E+02
1.00E+02
1.00E+02
1.00E+02
1.00E+02
1 ONFE+HND

Freg(1)
6.00E+01
6.00E+01
6.00E+01
6.00E+01
6.00E+01
6.00E+01
6.00E+01
6.00E+01
£ NOE+N1

PF(1)
8.25E-01
8.26E-01
8.28E-01
8.27E-01
8.25E-01
8.26E-01
8.25E-01
8.24E-01
2] 25F-N1

vief(1)
1.38EH
1.38EH
1.38EH
1.38EH
1.38EH
1.38EH
1.38EH
1.38EH
1 3RFH

Math results are also returned when datalogging. These will be after the channel
results. Only enabled math results will be returned. The column name will consist
of the function name and the units specified by the user.

Additional information on the front panel USB port and the USB flash drive
requirements is available later in this document. (See page 146, Front panel

USB host port.)
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Connecting signals

Input overview

28

WARNING. To avoid possible electric shock or personal injury:

Do not touch connections, internal circuits, or measuring devices that are not
connected to earth ground.

Always adhere to the instructions regarding the sequence of connections. (See
page 2, Connection sequence.)

Signals are connected to the instrument on the rear of the power analzyer. There
are multiple inputs for each analog card as shown below.

FUSE® 1AH,
600V

‘ .Mu. .

&00ViIms —4

®) '@M ® w@

— 304Ams —t b— 1Arms —

T 5
[ exTAm  exTAwo | ez sueeui F\_ O

Figure 17: Signal inputs on rear panel (Channel 1 shown)

Table 2: Signal inputs on rear panel

Item Description

1 Voltage high connection (VHI)

2 Voltage low connection (VLO)

3 T1AH, 250 V fuse to protect the 1 A shunt
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Table 2: Signal inputs on rear panel (cont.)

Item Description

4 30 A current high connection (AHI)

5 Current low connection (ALO, common to both the 30 A and 1 A shunt)
6 1 A current high connection (A1A)

7 External shunt current input high (EXT AHI)
8
9

External shunt current input low (EXT ALO)
+15 V supply for powering external transducers

Voltage  Voltages of up to 600 Vs can be connected directly to the red and black 4 mm VHI
and VL O safety sockets at the rear of each measurement channel of the PA3000.

Current  The PA3000 has two built-in current shunts. The first shunt allows currents of up
to 30 Arms, 200 A to be connected directly to the blue and gray 4 mm AHI and
AL O safety sockets at the rear of each measurement channel of the PA3000. The
second shunt allows up to 1 Aims, 5 A to be connected directly to the yellow and
gray 4 mm A1A and ALO safety sockets also on the rear of each measurement
channel.

External current inputs ~ The external current inputs accept a voltage of up to 20 V, that is proportional
to the current being measured. This input allows a wide range of external current
transducers to be connected, from low milliamp current shunts to high amplitude
transducers. For each type of transducer, the PA3000 can be scaled to read the
correct current. (See page 47, Inputs.)

The choice of current transducer will depend on:
B The current being measured, including peaks and transients.
m  The accuracy required.

®  The bandwidth required: Unless the waveforms are purely sinusoidal, a
bandwidth in excess of the fundamental frequency will be required.

m  Whether there is DC current present.

B Convenience of connection —that is, using a clamp-on current transformer,
with jaws that open, for quick connection in afixed wiring harness.

m  The effect of the transducer on the circuit.

PA3000 Power Analyzer User Manual 29



Connecting signals

To connect a simple current transformer

30

Current scaling

To useaconventional current transformer (CT) like the Tektronix CL series (or any
other transducer with a current output), connect the normal AHI and ALO inputs
of the PA3000 to the outputs of the current transformer. Follow the manufacturer’s
instructions for the safe use and installation of the transducer. Depending on the
output level of the current transformer, you will need to choose between the 30 A
AHI input and the 1 A AHI input. The choice will be dependent on the dynamic
range of the output of the current transformer that you are expecting.

Normally the positive or HI output of the transducer will be marked with the
point of an arrow or a+ symbol. Connect thisterminal to the appropriate AHI
input of the PA3000.

) o

Lo

Figure 18: Current transformer connections

A current transformer produces an output current that is proportional to the load
current being measured. For example, the Tektronix CL200 produces an output
current that is 1/100 of the current being measured.

To measure the correct current on the PA3000, use the scaling function of the
analyzer to scale, or multiply, the CT output current.

For example, the CL200isa 100:1 CT. When measuring 100 A, itsoutput is1 A.
To scale this on the PA3000, a scale factor of 100 must be entered:

Select ﬂ U Inputs and pressu.
Select ﬂ u Scaling and press l]
setect I K Amps and press [

Use - to clear the entry.
Enter the new scale factor (100).
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Press-

Press E to return to the measurement display.
The PA3000 is now ready to make measurements using a CT.

To connect an external resistive shunt

Using aresistive shunt is a straightforward method of extending the current
measuring range of the PA3000. The shunt resistor is connected in series with the
load and the voltage across the shunt is directly proportional to current.

That voltage can be connected directly to the External Current Inputs of the
PA3000.

For example, a1 mQ shunt is used to measure 200 A .
1. Check that the voltage that will be generated is suitable for the PA3000
V =1 x R (Ohm's law)
Vshunt = | x Rshunt
Vshunt = 200 A x 0.001 Q
Vshunt = 0.2V

Thisiswell within the 20 V rating of the PA3000's External Current Inputs

2. Connect the shunt in series with the load and to the EXT AHI and EXT ALO
inputs as shown.

Hi

LOAD

Lo

|z

Figure 19: External resistive shunt connections
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Remove any connections to the normal ALO terminal!

WARNING. Connections to the normal AMPSterminals can have high voltage.

To avoid errors and a risk of electric shock, remove all connections to ALO.
EXT ALO and ALO are connected inside the PA3000 and so connections to AHI,
ALO, and A1A can have the same potential as EXT ALO.

3. Set up the PA3000 to measure current from the EXT AHI and EXT ALO
terminals.

Press lé]
Select ﬂ ﬂ Inputs and press l]
Select ﬂ u Shunt and preﬁsu.

Select ﬂ ﬂ External and press -

Pr&slé] to return to the measurement display.
4. Scale the measurement on the display.
The default scaleis1V = 1A.

In this example where R = 0.001 Q. The scaling factor is specified in
amps-per-volt, so in this case, the scaling factor is 1000.

To enter a scale factor for current:

Select u u Inputs and press u

Select ﬂ u Scaling and press l]

Select u u External Shunt and press u

Use - to clear the entry.
Enter the new scale factor (100).

Press-

Pr&esg to return to the measurement display.

The PA3000 is now ready to make measurements using an external shunt.
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To connect a transducer with a voltage output

These transducers contain active circuits that help to improve performance at high
bandwidth. They can be of the Hall effect or Rogowski coil type.

The procedure is similar to that of installing an external shunt as described above.

1. Follow the manufacturer’s instructions for the safe use and installation of
the transducer.

2. Connect the voltage output to the EXT AHI and EXT ALO terminals of the
PA3000 channel as above.

3. Set up the PA3000:
press (=]
select N A 1 nputs and press 3
select N A shunt and press 3
Select ﬂ U External and press -

Press [E] to return to the measurement display.

4, Select and input ascale factor. These types of transducers are often rated in
terms of mV / A. For example a transducer with an output of 100 mV / A
is the equivalent of a 100 mQ external shunt resistor. To convert the rated
scaling from volts-per-amp to the desired amps-per-volt, invert the value.
Using the above example, 100 mV / A isequivalentto 10 A / V.

press =]

Selecta U Inputs and preﬁu.

seect I8 A scaling and press I3,

Select ﬂ u External Shunt and pressu.

Use - to clear the entry.

Enter the new scale factor (such as 0.1)
Press -

5. Press E to return to the measurement display.

The PA3000 is now ready to make measurements using a current transducer with
a voltage output.
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Hi

LOAD

Lo

|a7

Figure 20: Current transformer connections

To connect a voltage transformer / transducer

Voltage scaling

The PA3000 can be used with avoltage transformer (VT) or other transducer to
extend its measuring range. Follow the manufacturer’s instructions for the safe
use and installation of the transducer.

The output of the transducer is connected to the normal VHI and VLO terminals.
Normally the positive or HI output of the transducer will be marked with the point
of an arrow or a+ symbol. Connect thisterminal to the VHI input of the PA3000.

A voltage transformer (VT) produces a voltage output, which is proportional to
the voltage being measured.

To measure the correct voltage on the PA3000, use the scale function of the power
analyzer to scale, or multiply, the VT output current.

For example, when measuring with a 1000:1 VT a scale factor of 1000 must
be used.

Select u u Inputs and preﬁu.
Select u u Scaling and press u
Select u u Volts and press u

Use - to clear the entry.
Enter the new scale factor (1000).

Press -

Press [é] to return to the measurement display.
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The PA3000 is now ready to make measurements using aVT.

om0 |

1152-001

Figure 21: External resistive shunt connections

Power for external transducers

The PA3000 has a£15 V power supply for the purpose of providing power to
external transducers. The supply is capable of supplying 250 mA per rail on
each analog card (250 mA on +15 V and 250 mA on -15 V). The connector
is conveniently placed next to the inputs on each analog card. Four mating
connectors (Tektronix part number 56-598) are provided to aid in making a
connection. These connectors are Wago 231-303/026-000.
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The menu system

Measurements

36

This section describes some of the key menus of the PA3000.

Use the Measurements menu to set the order in which the measurements appear
on the screen; default measurements are: Vms, Ams, Watt, VA, PF, and Freg. This
is on a per-group basis. The measurements, on a group-by-group basis, can be
displayed in any order, including harmonics. However, harmonic results will
always be displayed as a block (all the voltage harmonics will be displayed as a
continuous block based on the parameters set).

The following figure shows a normal Measurements screen.

Measurements | GROUP A |

Figure 22: Measurements screen

On the measurements screen you can select a measurement to display as a result
and change the order of the displayed results. The following soft keys available
with the M easurements screen:

n Go to previous menu
a Selection Up or top of list
- Move Measurement
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u Selection down or bottom of list

- Select measurement to be a result on the
screen or de-select measurement

To navigate to a desired result, use the up and down arrow soft keys. The current
selection will be highlighted in blue.

If aresult is selected, it has a green check mark at the right edge of the list.

The results screen shows all the selected results, in the order in which they appear
in the measurement list; the list only applies to the selected group.

NOTE. Unlessthe group isin Integrator mode, integration measurements cannot
be selected. These measurements are:

Hours

Watt-Hours

VA-Hours

VAr-Hours

Amp-Hours

Average Watts

Average PF

Correction VAr

Fundamental VA-Hours (VAHT)
Fundamental VAr-Hours (VArHf)

To change the order of the results, navigate to the desired result and then press
-. When the key is pressed, the highlight bar changes from blue to red.

The soft keys will then change as shown below:

Go back to the previous menu

Move selected measurement up (gray if at the
top of the list already).

Cancel the move, and put the measurement
back where it was before the move was started.

Move selected measurement down (gray if at
the bottom of the list already).

Place the measurement in the selected
position. The soft keys will change back to the
standard measurement screen keys.
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The following figure shows an example of a measurement being moved.

Move Measurements |[|EiEEEEN

Figure 23: Example of a moved measurement

Measurement Configuration menu
Use the Measurement Configuration menu to change the way some results are
computed and displayed.
Measurement Configuration
Harmonics Setup
Distortion Setup
Minimum Hold Column
Maximum Hold Column
Sum Results Column
Sum Voltage Formulas

Sum Current Formulas

Figure 24: Measurement Configuration menu
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The top-level menu consists of the following submenus:

m  Harmonics Setup. Use these menusto configure V, A, and W harmonics.
m  Distortion Setup

®  Minimum Hold Column

B Maximum Hold Column

®  Sum Results Column

= Sum Voltage Formulas

®  Sum Current Formulas

Harmonics Setup ~ Use the Harmonics Setup to configure how quantities of harmonics are setup and
viewed as measurement results. Individual voltage, current, and watts setups
provide configurable options dependent on the application and how to view the
results. There are separate voltage, current and watts menus that allow you to
set the following items:

B Sequence. Odd and even or odd harmonic only (default Odd and even)
B Range. 1to 100 (default 7)

B Format. Absolute or Percentage of the fundamental (default Absolute)
m Display Phase Angle. On or Off (default On) (volts and amps only)

Selecting the harmonics results to display has no impact on the harmonic data
used in distortion calculations.

Please see the User Configuration section of this manual about update speed. (See
page 61, User Configuration.) The instrument is not able to calculate and display
100 harmonicson V, A, and Wetts every 100 ms.

Distortion setup ~ The Distortion Setup menu provides access to the voltage and current distortion
factor (df), total harmonic distortion (THD), and telephone influence factor
configurations.

Distortion factor. The distortion factor formula includes the effects of high
frequency and noise. This equation only produces avalid number if the RMSis
not less than the fundamental. If the fundamental is larger than the RMS the
display shows - - - - - .

The equations are:

Vi = = V/Vim? — Vio? x 100%
and

Ay = ﬁd\/A,«mﬁ — Apoi2 x 100%
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The reference value can be either the fundamental reading or the RM S reading.
The default reference is the fundamental value.

Total Harmonic Distortion. THD is a measure of the distortion of a waveform.

Under the V and A measurement menus is the ability to set the following
parameters:

®  Harmonic Reference. Fundamental or RM S (default Fundamental).
= Harmonic Sequence. Odd and Even or Odd Only (default is Odd and Even).

= Harmonic Range. 2to 100 (default 7). Thisisthe last harmonic used in the
calculation. If Odd Only harmonics are specified and the Range is set to an
even number, the preceding harmonic will be the last one used.

m  Harmonic Zero. Exclude or Include (default Exclude)

For the distortion settings and harmonics setting, the values will be remembered
whether the actual displayed reading is turned on or off. For example, if the
number of harmonics to be displayed is changed from 7 to 13, turning off and then
on again the display of voltage harmonics will not affect this setting.

The formulafor voltage and current THD are:

max harm

Ving = Vif S (Vin)? % 100%

min harm

and

vaxz harm

Atha = Aif "’ S (Apn)? x 100%

min harm

The Total Harmonic Distortion formula (previously called the series formula)
will produce more accurate results for harmonic noise when the THD is less
than 5%. When selecting the THD formula, it isimportant to set the maximum
harmonics setting to an appropriately large number to get valid results. The higher
the harmonic count the more accurate the calculation.

Telephone influence factor. The telephone influence factor (TIF) isa THD
measurement weighted at frequencies within the bandwidth of anormal telephone
circuit. It isameasure of how the voltage or current distortion in electrical power
circuits might interfere with adjacent telephone circuits. TIF measurements are a
requirement of standards such as ANSI C50.13 "Rotating Electrical Machinery -
Cylindrical-Rotor Synchronous Generators' and are most often used on standby
power generators and UPS. The harmonicsincluded in a TIF measurement are
from 1 to 73 odd and even.

The formulafor voltage and current TIF are:

Default reference = Fundamental
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max harm
Viip = v (kn % Vin)?

min harm

and

max harm

Aup = 7] 2 (ba % App)?

min harm

The weighting factors (k) are:

Table 3: Weighing factors for TIF

Harm kn Harm Ky Harm kn

1 05 21 6050 41 10340
3 30 23 6370 43 10600
5 225 24 6650 47 10210
6 400 25 6680 49 9820
7 650 27 6970 50 9670
9 1320 29 7320 53 8740
11 2260 30 7570 55 8090
12 2760 31 7820 59 6730
13 3360 33 8830 61 6130
15 4350 35 8830 65 4400
17 5100 36 9080 67 3700
18 5400 37 9330 71 2750
19 5630 39 9840 73 2190

Minimum and Maximum  The Minimum and Maximum Hold Columns provide a means for adding a new
Hold Columns  column along side the current selected results to display either the minimum or
maximum values of the selected measurements. The columns can independently
be enabled or disabled. To reset the values shown in the columns, press the
RESET/CLEAR key. Each time either the minimum or maximum hold column is
enabled, the values for both columns are reset.

Sum Results Column The Sum Results Column provides a means to add a sum column along side
the current group of measurements. The results are displayed for multi-channel
groups. The column will appear after the last channel in the group. The maximum
column will appear to the right of the sum results; the minimum column will
appear to the left of the sum results as appropriate.

Sum results are available in all wiring configurations except 1 phase, 2 wire
(1P2W). (See page 47, Wiring.)

PA3000 Power Analyzer User Manual 41



The menu system

Sum Voltage and Sum

Modes

42

Current Formulas

Normal mode

Ballast mode

The PA3000 provide a choice between two methods of summing voltage values
and current values. The voltage methods are unrelated to the current methods. For
alist of the sum voltage and current formulas, refer to sum equations later in this
document. (See page 142, Sum equations.)

Modes are used to set up the instrument in specific way to allow certain types of
measurements. These modes provide necessary filtering and unique configuration
parameters to measure specific signals found in certain applications.

Modes are applied on agroup basis. For example, in light ballast applications,
group A could be in normal mode measuring the input power and group B could
be in ballast mode measuring the output power.

The following modes are available:
= Normal

= Ballast

= Standby Power

= [ntegrator

= PWM Motor

It is often necessary to force the instrument in to a certain way of operating when
aparticular mode is selected. An exampleisforcing high bandwidth when Ballast
mode is selected. In these cases two things will happen:

m  Reverting back to Normal mode restores any changed settings.

= When asetting isforced, it cannot be changed by the operator while the power
analyzer is in the non-normal mode

Normal modeis used for most power measurements where signals are uniform and
no special measurement methods are required. Normal mode is the default mode.

Ballast mode is designed to configure the group to make measurements on the
complex ballast output modulated waveforms. In modern electronic lighting
ballasts, it is often difficult to take accurate measurements because the output
signals are high frequency waveforms that are heavily modulated by the power
frequency. Ballast mode provides away of locking the measurement period to
the power frequency.
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After selecting Ballast mode you need to set up the fundamental frequency at
which power will be transmitted. Thisistypically 50, 60, or 400 Hz. The setup
screen can be found under the M odes — Setup M odes — Ballast Setup. The
power analyzer uses this to adjust the measurement window to fit the specified
frequency.

The returned frequency is not the fundamental power frequency; but the ballast
switching frequency. Thisis also the frequency used for harmonic analysis.

When Ballast mode is selected, the frequency range is set to “>10 HZ" and the
bandwidth is set to “High” for the group. These setting are locked out in Ballast
mode and, upon the return to normal mode, the settings are restored.

Standby Power mode Standby Power mode integrates the watts, amps, VA and PF readings over
a user-specified measurement period. Thisis a requirement of many standby
power standards.

Driven by consumer demand and energy efficiency legislation, thereis an
ever-increasing need to measure power consumption of products while they are
in standby mode.

One of the most widely used standards for measurement is IEC 62301. Part of
this standard requires the measurement of power over a prolonged period of time
without missing any short duration power events. The Standby Power mode
provides continuous sampling of voltage and current to produce an accurate watts
measurement over the user specified period.

In Standby Power mode, you must specify the integration window in seconds.
Watts, amps, PF, and VA will then be integrated over the specified period. All
other results will be updated at the normal user specified update rate.

The integration period depends on the combination of the specified window and
the update rate of the instrument. (See page 60, Update rate.) Thisis because the
resultswill beintegrated over an exact multiple of the update rate. For example, if
the update rate is 0.5 seconds (default), then the integration period will always be
exactly as specified. However, if an update rate of 0.4 seconds is requested, then
integration period will switch between 1.2 seconds and 0.8 seconds.

For the most accurate measurements it is recommended that the ranges are fixed
during the measurement period. (See page 50, Fixed/Auto ranging.)

Integrator mode  Integrator mode provides measurements for determining energy consumption by
integrating measurements over a specified period or by running continuously.
Integration can be started manually, by athreshold trigger, or at a specific vaue.
In addition, for certain parameters, average values are also available.
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Configuring Integrator
mode

The required measurements are selected in the Measurements menu. (See page 36,
Measurements.) The integrator measurements are:

®  Hours

= Watt-Hours

= VA-Hours

®  VAr-Hours

m  Amp-Hours

B Average Watts

m  Average PF

= Correction VAr

®  Fundamental VA-Hours (VAHT)
®  Fundamental VAr-Hours (VArHf)

These measurements are on a per-group basis. The measurements can only be
selected and displayed when the group isin integrator mode. If an integrator
measurement is selected and the mode is changed to a non-integrator mode, then
the measurements will show as not being selected. Changing the group mode back
to integrator mode restores the selection previously used.

After selecting integrator mode, and the measurements to display, there are a
number of options provided for starting and stopping the integrator under M odes
— Setup Mode — Integrator Setup. The following options are available:

= Start Method. Select from Manual, Clock, or Level.
B Configure Clock Start. Specify a Start Time and Start Date.

= Duration. Specify the integrator run duration, measured in minutes. A
duration of 0.0 will run indefinitely.

m  ConfigureLevel. Select achannel, signal, threshold, or direction.

= CVArsPower Factor. Specify the desired power factor to be used for the
correction VArsin the range of £1.0 V.
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Start method. The Start methods are described below.

B Manual start. Thisisthe default method. Manual starting of integration is
triggered with the INTEG RUN key on the front panel. Press this key to start
the integrator running on al groups configured as integrator mode with a
manual start and are currently not running. The LED under the key turns on.

m  Clock start. Use this mode to set the time and date of when you want the
integration to start for the group. The time and date are entered in the specified
format under the Clock menu under System Configuration (See page 60.).
Once the desired time has been reached, integration will start.

If you set atime/ date combination before the current time and date, then
integration will not start. Integration will only start after at |east one screen
update has occurred before the start time.

B Levd start. Inthis start method, you have the ability to start integrating when
acertain parameter either goes above or below a user entered level. Once the
conditions have been met, integration will start.

You can configure the following:
= Select the channel, 1 through 4.

= Select asignal parameter from that channel. This can be any parameter
with the exception of integrated values and harmonic values (including
fundamentals).

= Select the threshold level to be monitored. Thisis the actual parameter
valuein decimal. For example, for 80 mA enter 0.08; for 80 V enter 80.

= Select whether the signal level should be greater than or equal to the level
or less than or equal to the level.

= A trigger Channel 1-4 can be selected from any group and used as a
trigger for integration. The trigger measurement does not haveto bein the
channel or group that you are integrating.

Stopping integration. The integration of a group can be stopped manually or
after a certain period of time. If the duration for the group is set to zero, then the
integration will only stop if the INTEG RUN key is pressed. The duration is
entered in minutes as afloating point number from 0.0 to 10,000.

When you pressthe INTEG RUN key to manually stop the integration, integration
stops on all groups that are in integrator mode with the integrator running where
the duration is set to zero. The LED under the key turns off if there is no more
integration going on within any group.

Resetting integration values. The RESET/CLEAR key will reset the integration
values to zero for all stopped groups. It has no effect on groups that are running
integration.
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PWM Motor mode

Correction VAr (CVArs). This parameter displays the values of VArs required to
correct the average power factor to atarget power factor. The target power factor
is entered under the integrator setup screen under CVArs Power Factor.

The correction will calculate the necessary VArs to provide a phase shift to reach
atarget power factor. It does not compute the total VArs. If apoor power factor is
completely due to distortion, no amount of phase lead or lag will improveit.

PWM Motor mode allows accurate measurements of PWM motors. It is designed
to overcome the difficulties associated with making measurements on the complex
waveforms found on the motor drive. High frequency sampling is combined with
digital filtering to reject the carrier frequency and extract the motor frequency
while still using pre-filtered data for power parameters.

After selecting PWM mode, select the frequency range of the motor frequency
(not the carrier frequency) under the I nputs — Frequency Source — Frequency
Range menu.

When in PWM mode, the maximum motor frequency is limited to 900 Hz, even if
a higher frequency range is selected.

The selection of the frequency range will impact the rate at which results are
returned. The update rate for all the channelsis set in the System Configuration
menu. (See page 60, Update rate.) However, if the frequency range in PWM
mode is set to either 1 — 100 Hz or 0.1 — 10 Hz, then the rate at which results are
returned for that group is altered per the table below:

Table 4: Effects of frequency range settings in PWM mode

Update rate >10 Hz

(seconds) <900 Hz 1-100 Hz 0.1Hz-10 Hz
0.2 0.4 24 20.2
0.3 0.3 24 20.4
04 04 24 20.4
05 0.5 25 20.5
0.6 0.6 24 20.4
0.7 0.7 2.1 20.3
0.8 0.8 24 20.8
0.9 0.9 2.7 20.7
1.0 1.0 3.0 21.0
11 11 2.2 20.9
1.2 1.2 24 20.4
13 13 2.6 20.8
14 14 2.8 21.0
15 15 3.0 21.0
1.6 16 3.2 20.8
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Table 4: Effects of frequency range settings in PWM mode (cont.)

Update rate >10 Hz

(seconds) <900 Hz 1-100 Hz 0.1Hz-10 Hz
1.7 1.7 3.4 20.4

1.8 18 3.6 21.6

1.9 1.9 3.8 20.9

2.0 2.0 4.0 22.0

Results from channels not in PWM Motor mode will be returned at the specified
rate.

Inputs

The Inputs menu provides configuration options for all physical signal inputs of
the power analyzer. Use this menu and the submenus to configure all wiring and
group settings. For normal operation, with the exception of the shunt selection, it
is not necessary to change these settings from the default values.

Wiring  For multiphase measurements, a number of channels can be assigned to a group
allowing precise frequency and phase analysis of the multiphase signals. The
frequency of thefirst channel in the group is used as the fundamental frequency
for al channelsin the group, and all phase measurements are rel ative to the phase
reference (voltage by default) of the first channel in the group.

Below are figures showing how each channel would be connected for each
different wiring mode.

" |

1152002

Figure 25: Single-phase, two-wire and DC measurements. Select 1 phase, 2 wire
mode
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Figure 26: Single-phase, three-wire. Select 1 phase, 3 wire
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Figure 27: Three-phase, three-wire (2 Wattmeter method). Select 3 phase, 3 wire
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Figure 28: Three phase, three wire (3 Wattmeter method). Select 3 phase, 3 wire
(3V3A).
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Figure 29: Three-phase, three-wire (3 Wattmeter method). Select 3 phase, 4 wire
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Figure 30: Three-phase, four-wire (3 Wattmeter method). Select 3 phase, 4 wire

Depending on the wiring configuration, not all groups will be available. For
example, if wiring is 1p2w for each channel, then the four channels will

correspond to the four groups. If the wiring is 1p3w for group A, then Channels 1
and 2 will bein-group A. Thisleaves Channels 2 and 3 for a maximum of groups
B and C. Group D cannot exist in this condition.

Group A wiring takes priority, followed by groups B, C, and then D. For example,
starting from a 1p2w configuration for all groups, if group A is set to 1p3w, then
group D cannot be set to anything and therefore group C will be 1p2w only.
Group B will have the choice of 1p2w, 1p3w and 3p3w.

Line-to-Line measurements are only valid when the signal frequency is less than
1 kHz. They are only valid in the 1p3w, 3p3w, and 3p4w wiring configurations.

Line-to-neutral measurements are only valid in the 3p3w and the 3p3w (3V3A)
wiring configurations. The neutral current (AN) values in the math formulasisthe
phase 3 line current when in the 3p3w wiring configuration.
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Ranging

Ranging sets the voltage or current range to a particular fixed range or to allow
ranging to automatically occur, depending on the application. For example,
current inrush testing requires the current range to be fixed; auto-ranging would
not be fast enough to capture the highest current inrush. The list of available
current ranges depends on the selected shunt.

The ranges are set on agroup basis. The ranges will be as follows:

Table 5: Input ranges

Range # Volts 30 A shunt 1 A shunt Ext. shunt
Auto

4 5V 05A 0.0125 A 0.05V
5 10V 1A 0.025 A 01V
6 20V 2A 0.05A 02V
7 50V 5A 0.125A 05V
8 100V 10A 0.25A 1V

9 200 V 20 A 05A 2V
10 500 V 50 A 125A 5V

1 1000 V 100 A 25A 10V
12 2000 V 200 A 5A 20V

Fixed/Auto ranging. Auto ranging is the default selection; thisis the best choice
for most measurements. Choosing afixed range can be useful if the voltage or
current is changing continuously or has large peaks that make the power analyzer
spend excessive time changing ranges.

If you choose afixed range, or the peak of theinput signal is larger than the range,
then an over range condition will occur. Thiswill be indicated on the screen by
all the results in the over ranged channel flashing on and off. In addition, the
“Vrms’ and/or “Arms” will flash to indicate whether the over-range is on either
the voltage channel, the current channel, or both.
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Shunts. The power analyzer has three different current inputs, or shunts. They
are:

® [Internal 30 A. Thisisthe default value and is used for normal current
measurement up to 30 Arms (200 A). This selection uses the blue AHI and
the gray ALO 4 mm sockets on the rear panel.

® Internal 1 A. Thisisused for small current measurements such as those found
in standby power applications where current islessthan 1 A. This selection
uses the yellow A1A and the gray ALO 4 mm sockets on the rear panel.

m  External. Thisisused for the measurement of current where an externa
transducer is used and the transducer has a voltage output. The blue and black
2 mm sockets on each analog card are used for the external shunt inputs.

c CAUTION. Passing an rms current of greater than 15 A when the instrument
power is off can damage the instrument. To avoid damaging the instrument, do
not apply rms currents of greater than 15 A when the instrument is off.

Frequency Source  The Frequency Source menu provides the following selections:

®  Source
m  Phase Reference

= Frequency Range

Source. Many measurements (including rms volts, amps and watts) are based
on calculations are dependent on the correct fundamental frequency being
determined by the power analyzer. The PA3000 uses proprietary techniques to
determine frequencies that eliminate problems created by noise when simple
zero-crossing technigques are used. It istherefore not normally necessary to adjust
the settings from the default of voltage.

The following source selections are available:

= Volts. Thisis the default frequency source and is suitable for most
applications.

B Amps. Amps can be selected if the voltage waveform is heavily distorted,
but the current is not. The waveforms at the output of a PWM motor drive
are an example of this.

m  External Freguency 1/ 2. On the rear of the power analyzer there are two
counter inputs on the Auxiliary Inputs/ Outputs connector. Either of these can
be used as an external frequency source for signals where there is too much
noise on the voltage and current waveforms. Apply a TTL compatible square
wave to the external input at the required frequency.

Phase Reference. The Phase Reference is used for harmonic analysis to create a
zero-degree reference point.
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Bandwidth

Scaling

The following selections are available:

B Volts. Thisisthe default selection; the phase is calculated with respect to the
voltage signal on the first channel in the group.

= Amps. Phaseis calculated with respect to the current signal on the first
channel in the group.

= External Frequency 1/ 2. Phase is calculated with respect to the external
input signal.

Frequency Range.

There are three frequency ranges:

m  >10Hz. Thisisthe default selection.
B 1-100Hz

® 01-10Hz

If the fundamental frequency is greater than 50 kHz, then the range should be set
to >10 Hz. For measurements where the fundamental is below 50 kHz, the range
of >10 Hz is recommended, especially at low signal levels. The 1 — 100 Hz and
0.01 — 10 Hz ranges should only be used with slow signals; using these ranges
slows the update rates.

The bandwidth is set on a per-group basis. Setting the bandwidth to low applies
a 10 kHz, two-pole filter to the voltage and current channel inputs. High isthe
default selection.

Scaling adjusts the scaled output of transducers, such as current transformers, so
that the true measured current is displayed on the power analyzer. The scaling
factor affects every measured value related to the input to which it is applied. The
maximum scale factor is 100000; the minimum is 0.00001. The default selection
is 1.0000 for all scale factors.

Volts scaling. Enter the scale factor of the transducer. For example, a 100:1
voltage transformer is used to measure 15 kV. The output of the transformer is
15000/ 100 = 150 V. Enter the scale factor 100, and the power analyzer will
display 15,000 V.

Amps scaling. Enter the scale factor of the transducer being used. For example,
the Tektronix CL 1200 produces 1 A for every 1000 A flowing in the opening of
the CL. It isa1000:1 current transformer. Enter the scale factor 1000 and the
power analyzer will display the correct current.

Scale factor = Transducer Input Current + Transducer Output Current.
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Analog inputs

External shunt scaling. This scaling is applied to the current measurement
channel voltage inputs. Thisis used for current transducers that have a voltage
output. These include Hall effect transducers as well as simple resistive shunts.

The scaling factor is expressed in Amps (read) per Volt (applied). The default
valueis 1. Thismeansthat with 1V s applied, the current channel will read 1 A s.

An example would be a clamp-on Hall effect current transducer measures up to
100 A. It has avoltage output of 10 mV per Amp, which isequivalent to 100 A /
V. Enter “100.00” and the power analyzer will display the correct system current.

The power analyzer has four analog inputs on the rear of the instrument. Each of
the four inputs can be used to measure signals from a device such as atorque or
speed sensor. Each of the four inputs has two different ranges. The ranges are
+10 V (default range) and £1 V. Each input is sampled every millisecond and
the reported measurement is the average of the samples over the time period
controlled by the update rate.

Analog inputs are made available to the MATH setup. They can be incorporated
into the MATH formula and displayed on the MATH screen. (See page 56, Math
results.)

Graphs and waveforms

Waveforms

Integrator parameters

The PA3000 provides different ways to display data:
= Waveforms

®  Harmonic bar charts

®  Vector diagrams

= |ntegrator graphs

There are menu options for waveforms and integrator graphing, bar charts, and
vector diagrams. (See page 12, Quick view keys.)

Use the waveform menu to select waveforms to display. For each group, you can
select any voltage, current, or watts waveform for each channel in the group to
display on the waveform graph. (See page 12, Quick view keys.)

To change groups use the left and right arrow keys at the bottom left of the display.

Use the Integrator Graph menu to select one parameter to display on the integrator
graphing screen. The following integrator parameters are available:

= Watt Hours
= VA Hours
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Interfaces

RS-232 baud rate

GPIB address

Ethernet

= VAr Hours

= Amp Hours

= \Watts Average

®  PF Average

= \olts

= Amps

= Watts

B Fundamental VA-Hours (VAH()
®  Fundamental VAr-Hours (VArHf)
= Correction VArs

For each waveform selected, there is a choice on the graph menu to turn on or off
the selected parameter for each channel in the group.

Integrator graphing parameters are set on a per-group basis. To change groups use
the left and right arrow keys at the bottom left of the display.

Additional information is available for setting up the integrator. (See page 43,
Integrator mode.) Additional information is available for displaying the integrator
waveforms. (See page 17, Integrator screen.)

This menu can be used to set up the remote control interfaces of the PA3000.

9600, 19200, and 38400 (default) are available.

The PA3000 uses hardware handshaking (RTS/ CTS) with no parity, eight data
bits and one stop bit (N,8,1).

The RS-232 baud rate is unchanged after a“*RST” or “:DVC” command.

Enter the GPIB address.

Default addressis 6. The address is unchanged after a“*RST” or “:DVC”
command.

The PA3000 offers Ethernet communications through an Ethernet port using
TCP/IP.

The Ethernet port will make a TCP/IP connection on port 5025. Port 5025 is
designated by the Internet Assigned Numbers Authority (IANA) to be a SCPI port.
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Use the | P Selection Method menu, to opt for adynamically assigned IP address,
by selecting Set | P using DHCP, or afixed/static |P address by selecting Fix | P

Address. To view the current |P settings, press @ and scroll to the bottom
of the menu.

To configure the static IP address, choose Static | P Settings in the Ethernet
Setup menu. Thisallows entry of the | P address, the subnet mask and the default

gateway. After entering the relevant data press - in each menu, to apply.

For basic communication needs via TCP/IP, refer the information available from
National Instruments at (https://www.ni.com/visa).

The Ethernet mode (Static/DHCP), 1P address, default gateway and subnet mask
are unchanged after a“*RST” or “:DVC” command.

Dead socket connection. The dead socket termination (DST) port 5030 is used to
terminate an existing Ethernet connection. A dead socket is a socket that is held
open by the instrument because it has not been properly closed. This most often
happens when the host computer isturned off or restarted without first closing the
socket. This port cannot be used for command and control functions.

Use the dead socket termination port to manually disconnect a dead session on an
open port. An existing Ethernet connection will be terminated and closed when
the connection to the dead socket termination port is made.
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Datalog

Math results

56

You can configure the USB data logging interval. To configure the data logging
interval, press E go to Interfaces and select USB Host Data Ouit.

The math results are displayed on a different results screen from the other results.
Thisimproves the ability to view math results. Normal measurement parameters
can be displayed on the math results screen. They just have to be specified in a
formula. (See page 20, Math screen.)

You can set the values of up to 30 math functions, labelled FN1 through FN30.
For each function you can specify the following:

Name. User-friendly name up to 10 characters. (Default is the same as the
label, for example, FN1.) In the menus, the function label is always displayed
alongside the user’'s name for the function.

Units. User friendly units such as W for watts. (Default is blank). Scaling
suchasu, m, k, Mwill beadded to the unit as appropriate. Units are up to
four characters.

Function. The actual math formula, up to 100 characters.
Example: W = 21.49, VA = 46.45

Name = “PF’

Units = “PF”

Function = “CHL:W / CH1:VA”

To select this function for viewing, go to the MATH menu list showing FN1 —

FN30 and press - to select the function. Next press @ to display the
result value of the function; the math results display shows “PF 463.27
mPF”’.

Example: CH1:W = 21.49, CH2:W = 53.79
Name = “EFFICIENCY”

Units = “%”

Function = “(CHL:W/CH2:W)* 100"

To select this function for viewing, go to the MATH menu list showing FN1 —

FN30 and press - to select the function. Next press @ to display the
result value of the function; the math results display shows “EFFICIENCY
39.95 mw”.
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You can specify any channel or group parameter listed below in addition to the
voltage input on each of the four analog inputs.

Valid charactersare A-zZ, 0-9,
and

-, X, =, +1 /’ (1 )’

:, space,

No more than 100 characters can be used

The number format is[+/-]<decimal digits>[E[+/-]exponent]

When entering aformula you can use the left and right arrow keys to move the
cursor. Thisalows for easy correction and changing of complex formulas.

Each math function can be either enabled or disabled. Only enabled results are
available for display.

Thevalid channel parameters are CH<1 — 4> followed by ":" and then one of the
following parameters:

Table 6: Valid channel parameters
VRMS - Volts RMS

ACF — Amps Crest Factor

VAHF - Fundamental VA Hours

ARMS - Amps RMS

VTHD - Voltage Total Harmonic Distortion

VARHF - Fundamental VAR Hours

W - Watts

VDF - Voltage Distortion Factor

VF - Fundamental Volts

VA - Volt-Amps

VTIF - Voltage Telephone Influence
Factor

AF — Fundamental Amps

VAR - Volt-Amps Reactive

ATHD - Amps Total Harmonic Distortion

WF - Fundamental Watts

FREQ - Frequency

ADF - Amps Distortion Factor

VAF - Fundamental Apparent Power

PF — Power Factor

ATIF — Amps Telephone Influence Factor

VARF - Fundamental Volt-Amps Reactive

VPKP - Volts Peak (positive)

Z - Impedance

PFF — Fundamental Power Factor

VPKN - Volts Peak (negative)

R - Resistance

VRNG - Voltage Range

APKP — Amps Peak (positive)

X — Reactance

ARNG - Amps Range

APKN — Amps Peak (negative)

TINT- Integration Time (Hours)

VLL - Line-to-Line Voltage

VDC - Volts DC

WHR - Watt Hours

VLN - Line-to-Neutral Voltage

ADC - Amps DC

VAHR — VA Hours

VHA<1-99> - Voltage Harmonic Angle
(1-99)

VRMN - Rectified Mean Volts

VARH

VHM<1-99> — Voltage Harmonic
Magnitude (1-99)

ARMN - Rectified Mean Amps

AHR - Amp Hours

AHA<1-99> - Current Harmonic Angle
(1-99)

VCMN - Volts Corrected Rectified Mean

WAV - Average Watts

AHM<1-99> — Current Harmonic
Magnitude (1-99)

ACMN - Amps Corrected Rectified Mean

PFAV - PF Average

WHM<1-99> — Watts Harmonic
Magnitude (1-99)

VCF - Volts Crest Factor

CORRVARS - Correction VArs

The valid group parameters are GRP<A-D>: followed by one of the following
parameters:
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Table 7: Valid group parameters

AN Neutral current (or phase 3 current for 3p3w)

The valid group sum parameters are GRP<A-D> followed by ":SUM:" and then
one of the following parameters:

Table 8: Valid group sum parameters

VRMS Volts RMS ARMS Amps RMS

w Watts VA Volt-Amps

VAR Volt-Amps Reactive PF Power Factor
AHR Ampere Hours WHR Watt Hours

VAHR VA Hours VARH VAr Hours

WAV Watts Average PFAV PF average

TINT Integration Time CORRVARS Correction VArs
WF Fundamental Watts VF Fundamental Volts
AF Fundamental Amps VARF Fundamental

Volt-Amps Reactive

PFF Fundamental
Power Factor

The follow parameters are used to return the values from the analog and counter
inputs:

Table 9: Parameters for returning values from the analog and counter inputs

ANA1 Analog Input 1 ANA2 Analog Input 2
ANA3 Analog Input 3 ANA4 Analog Input 4
COUNT1 Counter 1 frequency ~ COUNT2 Counter 2 frequency

In addition, afunction can refer to another function by using “FNx” where x isthe
function number. Functions will be calculated in the order of 1 through 30, so this
will have to be factored in when writing functions.

Operators available from the front panel keypad are:
= +-x/()
= X2, Shown as”2 and will square the preceding number

® X% Shown as” and will take the preceding number to the power of the
following number

= . Shown as SQRT() and will take the square root of the number between
the brackets
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System Configuration
Blanking

Averaging

Operators that can be typed:

®  SIN(), COS(), TAN(). These operators take an angle in degrees which is
between the brackets and return its sine, cosine or tangent.

= ASIN(), ACOS(). These operators take a number between -1 and 1 which is
between the brackets and return an angle in degrees.

m  ATAN(). This operator takes a number that is between the brackets and
returns an angle in degrees.

= LN(), LOG(). This operator returns the logarithm of the number between the
brackets. LN islog to the base e, LOG islog to the base 10.

Constants that can be typed:
®  Pl. Where nt = 3.14159

NOTE. When the shift key turns on, operators such as COS)), SIN(), and TAN()
will be entered as whole words. Operators such as ACOY)), ASIN(), ATAN(), LN(),
and LOG() must be typed asindividual letters when the shift key is turned on.

The formulais checked for validity when OK is selected. If thereis an error, then
an error message is displayed. If there are no errors the calculated value will
be shown at the bottom of the screen.

If the math result isinvalid (for example, infinity because of adivide by zero) the
display will show four dashes.

Use Blanking to zero the results below a given value. The Blanking levels are set
to 5% of the currently selected range.

When Blanking is enabled (default), al values below the threshold will show a
zero value. Disable Blanking to measure small voltages or currents.

If blanking operates on either voltage or current then all related measurements
would be blanked including W, VA and PF.

An averaging depth of between 1 and 10 can be specified. The default value
is 10. With the update rate set to 0.5 seconds, this corresponds to values being
averaged over five seconds.

If the range is changed, the averaging is reset.
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Update rate

Autozero

Clock

Power saving

The update rate determines how often new results are available in the instrument.
The values in the Update Rate menu list indicate the time interval (in seconds)
between every update of the results. Restrictions are placed on the number and
type of results permitted at faster update rates.

Therangeis 0.2 sto 2 sin 0.1 sincrements, where 0.5 is the default value.
With update rates below 0.5 seconds, the number of results that can be updated
at that rate is limited.

Autozero is amethod of automatically canceling any small parasitic signals, such
as DC offsets, in the measurement. Three options are available:

B On. (default) The instrument runs autozero every minute.
m  Off. When autozero is disabled the instrument uses the last autozero values.

®  Run Now. Theinstrument runs an immediate autozero on the currently
selected ranges. This takes approximately 100 ms. The state of whether
autozero is either enabled or disabled will not be changed, and there is no
feedback to indicate it has run.

Use the following options to check or set the internal clock:

B Set Time. Enter the time using the format shown and press - to confirm.
B Set Date. Enter the date using the format shown and press - to confirm.
m  TimeFormat. Select 12 Hour or 24 Hour and preﬁ- to confirm.

m  Date Format. Select the required date format and press - to confirm.

The instrument has the ability to reduce its own power consumption by switching
off the display.

In the Display menu you have the following options:
®  AlwaysOn. Thisisthe default mode and the display will always be on.

m  Switch off after 10 minutes. The display turns off after 10 minutesif no key is
pressed. Pressing any key turns the display on again.

m  Switch off in remote mode. If the instrument receives a command through
any of the communication interfaces, the display turns off. Pressing any key
turns the display on again, but the instrument will remain in the remote mode
until the LOCAL key is pressed. Pressing the LOCAL key to switch the
display on will not return the instrument to local mode.
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Analyzer Configuration . . .
y g The Analyzer Configuration menu has the same function as the @ (SETUP)

key. Selecting this menu displays the complete instrument setup. Use the up and
down soft keys to scroll through the configuration.

Pressing the right arrow key changes the configuration screen to display
information on the physical unit. Thisincludes the serial number of the unit, the
firmware version, and information on the main card and analog cards, including
calibration date.

User Configuration

The User Configuration menu provides the means for loading changing the
current configuration.

Load Default Configuration Choosing this option by pressing - sets every menu option of the PA3000 to

its factory default. The defaults are listed in previous sections of this chapter.
Load from USB  Load a configuration from afile on an attached USB flash drive.

Save to USB  Save the current configuration to afile on an attached USB flash drive in the
\PA3000 folder.

The file name is of the format CONFIGXY.CFG, where XY isthe first available
number in the sequence of 01 to 99. For example, if afile named CONFIG01.CFG
already exists on the flash drive, then the new configuration will be named
CONFIG02.CFG.

Configuration ~ Save or load preset user configurations using one of eight selectable internal
storage locations.

For each user configuration you can do the following:
®  Apply the saved configuration.
= Rename the configuration. A name can have up to 16 characters.

®  Saveaconfiguration. Thisis the complete setting of the instrument at the
time you choose this option.

NOTE. Loading a configuration that has never been saved resultsin an error
message. The current configuration of the unit will not be changed.
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Remote operation

Overview

Using the remote commands the instrument can be used to perform high speed,
complex, or repetitive measurements. All PA3000 instrument communicate by
RS-232, Ethernet, or USB as standard. Optionally, a GPIB port can be added.

Interfacing with RS-232 systems

The RS-232 port is a standard PC type 9-way male D-type located on the rear of
the instrument and can be used for remote control of the PA3000. A modem
cable should be used.

The RS-232 port uses 8 bits, no parity, one stop bit and hardware flow control.

See Serial Port for a detailed pin description of the RS-232 connector. (See
page 149, Serial port.)

See RS-232 Baud Rate for details on the interface menus. (See page 54, RS-232
baud rate.)

Interfacing with USB systems

The PA3000 supports USB control using the Test and Measurement class.

A detailed pin description of the port, along with speed and connection
information is given in the Reference section of this document. (See page 146,
Communication ports.)

Interfacing with Ethernet systems
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The PA3000 supports Ethernet control using a 10Base-T network.

See Ethernet Port for more information on the Ethernet connection. (See
page 147, Ethernet port.)

See Ethernet Configure for information on how to set up the Ethernet addressing
information. (See page 54, Ethernet.)
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Interfacing with GPIB systems (optional)

Status reporting
Status byte

The PA3000 optionally supports control viaa GPIB port. This option must be
installed by an authorized Tektronix representative.

See |EEE 488/GPIB for a detailed pin description of the GPIB connector. (See
page 148, |EEE 488 / GPIB (Optional).)

The PA3000 uses asimilar status byte to IEEE 488.2. The PA3000 Status Byte
Register (STB) contains the ESB and DAS bits. These two bits indicate a
non-zero state in the Standard Event Status Register (ESR) or the Display Data
Status Register (DSR) respectively.

The ESR and DSR each have enable registers, ESE and DSE respectively, set by
the user. These enable registers act as a mask to reflect chosen elements of the
appropriate status registers to the Status Byte Register. Setting the appropriate bit
of the enable register to 1 configures the bits to be summarized in the STB.

If astatus byteisread, the DSR and ESR registers are cleared.

data status owv OVA NDV DVL
:DSR?
data enable oW | OVA NDV DVL |:DSE
:DSE?
standard
CME | EXE QYE *ESR?
event status
standard N
CME | EXE QYE ESE
event enable
*ESE?
status byte ESB DAS | *STB?

1152-022

Figure 31: Status byte
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Status Byte Register (STB)  Read by “*STB?".

ESB DAS

1152-023

Figure 32: Status byte register

Table 10: Status byte register bit definitions

Bit Name Description
5 ESB Event status summary bit to show standard event status
0 DAS Display status summary bit to show display data

Display Data Status  Read by “:DSR?’ or in summary by *STB? DAS bit. On power-up DSR is
Register (DSR) initialized to zero. When read using the “:DSR?’ command the register bits are
cleared.

Oow | OVA NDV DVL

1152-024

Figure 33: Display Data Status Register

Table 11: Display data status register bit definitions

Bit Name Description
owv Set to indicate there is a voltage range overload
3 OVA Set to indicate there is a current range overload
NDV Set to indicate that new data has become available since the
last :DSR? command
0 DVL Set to indicate the availability of data

Display Data Status Enable ~ Read by “:DSE?" and set by “:DSE <value>".
Register (DSE)

Oow | OVA NDV DVL

1152-024

Figure 34: Display Data Status Enable Register

Table 12: Display data status enable register bit definitions

Bit Name Description

4 ow Enable OVV bit
3 OVA Enable OVA bit
1 NDV Enable NDV bit
0 DVL Enable DVL bit
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Standard Event Status  Read by “*ESR?’ or in summary by the ESB bit in STB.

Register (ESR)
CME

EXE QYE

1152-021

Figure 35: Standard Event Status Register

Table 13: Standard event status register bit definitions

Description

Command error; command not recognized

Command execution error

Bit Name
CME

4 EXE
QYE

Query error

Standard Event Status  Read by “*ESE?" and set by “*ESE <value>".

Enable Register (ESE)
CME

EXE QYE

1152-021

Figure 36: Standard Event Status Enable Register

Table 14: Standard event status enable register bit definitions

Bit Name

Description

CME

Enable CME bit

EXE

Enable EXE bit

QYE

Enable QYE bit
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Command listing
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The following conventions are used for command syntax:
B Square brackets indicate optional parameters or keywords| ].
B Angle brackets indicate values to be specified < >.

Commands and responses are sent as ASCII strings terminated with a line feed.
The PA3000 is not case sensitive and white space characters are ignored except
where required between command and parameter.

Multiple commands cannot be sent in a single string where a semicolon (;) is used
at the end of each command.

For all commands where a parameter is supplied, a space is required between the
end of the command and the first parameter. For example, :SYST:CTYPE? 1 will
work. However, :SYST:CTYPE?1 causes atime out error.

The list of commands is split into relevant sections. In general each section
corresponds to a menu option from the Main Menu.
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IEEE 488.2 standard commands and status commands
*IDN?  Unit identity

Syntax *IDN?
Returns Tektronix, PA3000, serial number, firmware version
Description The serial number is the serial number of the main chassis. The firmware

version is the version of the firmware suite, which includes all processors.

*CLS  Clear event status

Syntax *CLS
Description This command clears all event registers and queues.

*ESE  Set standard event status enable register

Syntax *ESE <flags>

Where flags is the value for enable register as a decimal 0 — 255
Default 0
Description This command sets the bits in the Standard Event Status Register that

are summarized by the ESB bit in the Status Byte. The Standared Event
Status Enable Register uses the same bit definitions as the Standard
Event Status Register.

*ESE?  Read standard event status enable register

Syntax *ESE?

Returns 0-255

Description This command returns the value in the Standard Event Status Enable
Register.

*ESR?  Read standard event status register

Syntax *ESR?
Returns 0-255
Description This command returns the value in the Standard Event Status Register.

The register is cleared once it has been read.
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*RST

*STB?

:DSE

:DSE?

:DSR?

:DVC

Reset device

Syntax *RST

Description This command resets the unit configuration to default values (performs the
same action as Load Default Configuration menu option on the front panel).

Allow at least three seconds after sending the * RST command before sending
further commands to allow all defaultsto be processed and set.

Read status byte

Syntax *STB?
Returns 0-255
Description This command returns the value in the status byte.

Set Data Status Enable Register

Syntax :DSE <flags>
Where flags is the value for enable register as a decimal 0 — 255

Default 255

Description This command sets the bits in the Data Status Enable register that are
summarized by the DAS bit in the Status Byte.

Read Data Status Enable Register

Syntax :DSE?
Returns 0-255
Description This command returns the value in the Data Status Enable register.

Read Data Status Register

Syntax :DSR?
Returns 0-255
Description This command returns the value in the Data Status register. The Data

Status Register is cleared once it has been read.

Device clear
Syntax :DVC
Description This command has the same affect as *RST or : CFG:USER:LOAD O

(loading the default user configuration).

Allow at least three seconds after sending the *RST command before sending
further commands to allow all defaults to be processed and set.
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Channel and group commands

The following commands are used to select the active group or channel. They are
similar in concept to pressing the left and right arrow keys to change the group or
channel while displaying a menu screen.

:INST:NSEL  Set active group

Syntax ZINST:NSEL <group number>
Where <group number> is an integer between 1 and 4, depending on the
number of groups available in the power analyzer

Description This command sets the specified group as the active group for command
and actions that might follow. Not affected by reset.

:INST:NSEL?  Read active group

Syntax ZINST:NSEL?
Returns <group number>
Description This command returns the number of the group selected (between 1 and 4

depending on wiring configuration).

(INST:NSELC  Select active channel

Syntax :INST:NSELC <channel number>
Where <channel number> is an integer between 1 and 4, depending on the
number of channels installed in the power analyzer. Not affected by reset.

Description This command sets the number of the channel selected (between 1 and 4)
depending on number of channels installed in the power analyzer.

'INST:NSELC?  Return active channel

Syntax ZINST:NSELC?
Returns <channel number>
Description This command returns the number of the channel selected (between 1 and

4) depending on number of channels installed.
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Unit information commands

The Unit Information commands are commands that are used to return information
on the unit beyond the information returned by the *IDN? command.

:CAL:DATE? Calibration date

Syntax :CAL:DATE? <channel number>, <date type>

Where <channel number> is 1 through 4 and <date type> is 1 through 2
Returns Appropriate calibration date in the format dd-mm-yyyy
Description This command returns the calibration date from the designated analog

card. <date type> can be either 1 for date verified or 2 for date adjusted.

:SYST:.CTYPE? Card type

Syntax :SYST:CTYPE? <channel number>
Where <channel number> is 0 through 4

Returns Tektronix, <card type>, <serial number>, <hardware revision>
<card type> is either CPU for the main card, or ANALOG for a channel
card.

<serial number> is a 12 character string.
<hardware revision> is up to four characters.

Description This command returns the card type, serial number and hardware revision
for the designated channel. Channel 0 is the main CPU card.

Measurement selection and reading commands

These commands are related to selecting the regquired measurements and returning
the results.
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:SEL  Select results

Syntax

PA3000 Power Analyzer User Manual

SEL:ALL
:SEL:ALL:GRP<group>
:SEL:CLR
:SEL:CLR:GRP<group>
:SEL:<measurement>

Where <group> is a group number 1 through 4.

Where <measurement> is:

VLT - Volts rms

AMP — Amps rms

WAT - Watts

VAS - VA

VAR - VAr

FRQ - Frequency

PWF — Power factor

VPK+ — Volts peak (positive)

VPK- — Volts peak (negative)

APK+ — Amps peak (positive)

APK- — Amps peak (negative)

VDC - Volts DC

ADC - Amps DC

VRMN - Volts rectified mean

ARMN - Amps rectified mean

ACMN - Amps corrected rectified mean
VCMN - Volts corrected rectified mean
VCF - Volts crest factor

ACF — Amps crest factor

VTHD - Volts Total Harmonic Distortion
VDF - Volts Distortion Factor

VTIF - Volts Telephone Influence Factor
ATHD - Amps Total Harmonic Distortion
ADF — Amps Distortion Factor

ATIF — Amps Telephone Influence Factor
IMP — Impedance

RES - Resistance

REA - Reactance

HR - Integrator time 1

WHR - Watt Hours 1

VAH - VA Hours !

VRH - VAr Hours !

AHR - Amp Hours !

WAV - Average Watts

PFAV - Average Power Factor 1

CVAR - Correction VArs 1

VAHF - Fundamental VA-hours
VARHF - Fundamental VAr-hours

VF - Fundamental Volts rms

AF - Fundamental Amps rms

WF - Fundamental Watts
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Select results (cont.)

VAF - Fundamental VA

VARF — Fundamental VAr

PFF — Fundamental Power Factor
VRNG - Voltage range

ARNG - Current range

VLL - Line-to-line voltage

VLN - Line-to-neutral voltage
VHM - Volts harmonics

AHM — Amps harmonics

WHM - Watts harmonics

Description :SEL determines which results are displayed on the screen, also the results
returned by the :FRD? command. To see the currently selected command, use
the :FRF? command.

:SEL:ALL selects all results. Adding the secondary command of :GRP allow only
those results within the specified group to be selected.

:SEL:CLR clears all the results selected for all groups. Adding the secondary
command of :GRP allows only those results within the specified group to be
cleared.

To add results to a group the :INST:NSEL <group> command must be used first.
If it is not, then the last selected group will be affected (or group 1 if no group
has previously been selected).

1 These results are only available for displaying / returning when the group is in integrator mode.
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:FRF?  Read selected results

Syntax :FRF?
:FRF:GRP<group>?
:FRF:CH<channel>?
Where <group> is a group number 1 through 4
Where <channel> is a channel number 1 through 4

Description :FRF? and :FRF:GRP? commands return a list of the displayed results.
The actual result is not returned.

Returns <group>, <number of measurements selected>, <number of results
returned>, <measurement 1>, <measurement 2>, ..., <group>, <number of
measurements selected>, ...

<number of measurements selected> is the number of measurements
selected using either the front panel or the SEL command.

<number of results returned> equals the number of rows on the display
used. When harmonics are selected, the number of results returned will
exceed the number of measurements selected.

<measurement 1>, <measurement 2>, ... are the names of the selected
measurements. The returned data will be the same as the label on the
results display. For harmonics: “Vharm”, “Aharm”, and “Wharm” will be
returned. Each returned value will be separated by a comma.

:FRF? will return the selections for all groups.

:FRF:CH<channel>? will return the list of results for a particular channel.
This is useful for ease of measurements. The data returned for this
command will be the same as “:FRF:GRP?”, except the channel number
will also be included. For example:

<group>, <channel>, <number of measurements selected>, <number of
results returned>, <measurement 1>, <measurement 2>, ..., <group>,
<channel>, <number of measurements selected>, ...

‘MOVE  Move results

Syntax :MOVE:<measurement> <new position>
Where <measurement> is the list of measurements defined under the
:SEL command. (See page 71, :SEL.)
<new position> is the position in the list of results on the screen and is
in the range 1 through 51.

Description The move command is used to change the order of results on both the
screen in the returned results using :FRD?. :FRF? can be used to confirm
the order of results.
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:FRD?

Read foreground data

Syntax

:FRD?

:FRD:CH<ch>?

:FRD:GRP<group>?

Where <ch> is a channel number 1 through 4
Where <group> is a group number 1 through 4

Description

The commands returns results from the power analyzer. The results are
returned in the order in which they are displayed on the screen. Each
result is a floating point number separated by a comma.

The sequence is determined by order in which results are displayed on the
front panel. The sequence can be configured either by changing the order
using the front panel of the instrument, or by using the :MOVE command.
Results will be returned column by column starting from the left of the

display. This means that if the user has selected Sum results or Max and
Min results to be displayed, then these results will also be returned.

Returns

For :FRD:CH<ch>?, if Min or Max results are selected, these will be
returned. The order will be <min>, <ch>, <max>.

For :FRD:GRP<group>?, if Min, Max, or Sum results are selected, these
will be returned. The order will be <min>, <ch>, <max>, <min>, <ch>,
<max>, ..., <sum min>, <sum>, <sum max>.

For :FRD?, each group will be returned starting with group A. The order

of the results with the group will be the same as the :FRD:GRP <group>?
command.

Measurement configuration commands

:HMX:VLT/AMP/WAT

74

Measurement configuration commands correspond to the Measurement
Configuration menu. (See page 38, Measurement Configuration menu.)

Commands for configuring the display of harmonics.

Harmonics configuration

Syntax HMX:VLT:SEQ <value>

“HMX:AMP:SEQ <value>

“HMX:WAT:SEQ <value>

Where <value> equals 0 for odd and even and 1 for odd only
Description If harmonics measurements are selected with the :SEL command (See

page 71.), the power analyzer can display all harmonics, or just the odd
number harmonics from the first harmonic up to the number specified.

This command works on a group. Use the :INST:NSEL command first
to select the active group.
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Harmonics configuration (cont.)

Syntax HMX:VLT:RNG <value>
:HMX:AMP:RNG <value>
SHMX:WAT:RNG <value>

Where <value> is the maximum harmonic to be display in the range of
1to 100

Description If harmonics measurements are selected with the :SEL command (See
page 71.), the power analyzer will display all the harmonics up to the
number specified by <value>. The displayed harmonics can be restricted
to only odd numbered harmonics using the harmonic sequence command.

This command works on a group. Use the :INST:NSEL command first
to select the active group.

Syntax HMX:VLT:FOR <value>
HMX:AMP:FOR <value>
“HMX:WAT:FOR <value>
Where <value> is 0 for absolute values or 1 for percentage values

Description If harmonics measurements are selected with the :SEL command (See
page 71.), the power analyzer can display all harmonics (except the first) as
an absolute value or as a percentage of the fundamental (first) harmonic.

This command works on a group. Use the :INST:NSEL command first
to select the active group.

‘HMX:VLT/AMP:DF  Commands for setting up the distortion factor measurements.

Distortion factor setup

Syntax THMX:VLT:DF:REF <value>
“HMX:AMP:DF:REF <value>
Where <value> is 0 for fundamental or 1 for rms

Description For distortion factor readings (also known as the difference formula),
the reference on the denominator of the equation can be either the rms
reading or the fundamental harmonic reading.

This command works on a group. Use the :INST:NSEL command first
to select the active group.
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:HMX:VLT/AMP:PHA  Display phase angle

Syntax

:HMX:AMP:PHA <value>
cHMX:VLT:PHA <value>
Where <value> is 0 for on or 1 for off

Description

This command turns the display of the voltage or current phase angle
on or off (default On).

Syntax

“HMX: AMP : PHA?
“HMX:-VLT:PHA?

Returns

Oorl

:HMX:VLT/AMP:THD  Commands for setting up the total harmonic distortion measurements.

Total harmonic distortion setup

Syntax

“HMX:VLT:THD:REF <value>
:HMX:AMP:THD:REF <value>
Where <value> is 0 for fundamental or 1 for rms

Description

For total harmonic distortion (THD) readings (also known as the series
formula), the reference on the denominator of the equation can be either
the rms reading or the fundamental harmonic reading.

This command works on a group. Use the :INST:NSEL command first
to select the active group.

Syntax

HMX:VLT:THD:SEQ <value>
“HMX:AMP:THD:SEQ <value>
Where <value> is 0 for odd and even or 1 for odd only

Description

For total harmonic distortion (THD) readings, the harmonics used in the
measurement can include all harmonics up to the specified number or only
the odd harmonics.

This command works on a group. Use the :INST:NSEL command first
to select the active group.

Syntax

:HMX:VLT:THD:RNG <value>
“HMX:AMP:THD:RNG <value>

Where <value> is the maximum harmonic to display in the range of 2 to
100.

Description

For total harmonic distortion (THD) readings, <value> specifies the
maximum harmonic number used in the formula.

This command works on a group. Use the :INST:NSEL command first
to select the active group.
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Total harmonic distortion setup (cont.)

Syntax

SHMX:VLT:THD:NZ <value>
“HMX:AMP:THD:NZ <value>
Where <value> is 0 for exclude or 1 for include

Description

For total harmonic distortion (THD) readings, the formula can either include
or exclude the DC component.

This command works on a group. Use the :INST:NSEL command first
to select the active group.

:HMX:VLT/AMP:TIF  Telephone influence factor setup

Syntax

SHMX:VLT:TIF:REF <value>
SHMX:AMP:TIF:REF <value>
Where <value> is 0 for fundamental or 1 for rms

Description

For telephone influence factor readings, the reference on the denominator
of the equation can be either the rms reading or the fundamental harmonic
reading.

This command works on a group. Use the :INST:NSEL command first
to select the active group.

:MIN  Minimum column

Syntax

MIN <value>
Where <value> is 0 for disabled or 1 for enabled

Description

The MIN command adds a column to the results that displays the minimum
value of each parameter since the last time the minimum values were
reset. A column is added for each channel in the group, as well as for
sum results, if they are selected.

Enabling the column will always reset the MIN and MAX values for the
currently selected group. The values can also be reset by using the :RES
command or pressing the RESET/CLEAR key on the front panel.

To reset the MIN hold values, send the command :MIN 1 to re-enable the
column. Note that both MIN and MAX hold values will be reset.

This command works on a group. Use the :INST:NSEL command first
to select the active group.

Syntax

MIN?

Returns

Oorl

Description

This command returns the status of the minimum value column. A 0 will be
returned if disabled; a 1 if enabled.

This command works on a group. Use the :INST:NSEL command first
to select the active group.
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:MAX

:SUM

Maximum column

Syntax :MAX <value>
Where <value> is 0 for disabled or 1 for enabled

Description The MAX command adds a column to the results that displays the
maximum value of each parameter since the last time the maximum values
were reset. A column is added for each channel in the group, as well as
for sum results, if they are selected.
Enabling the column will always reset the MIN and MAX values for the
currently selected group. The values can also be reset by using the :RES
command or pressing the RESET/CLEAR key on the front panel.
To reset the MAX hold values, send the command :MAX 1 to re-enable the
column. Note that both MIN and MAX hold values will be reset.
This command works on a group. Use the :INST:NSEL command first
to select the active group.

Syntax :MAX?

Returns Oorl

Description This command returns the status of the maximum value column. A 0 will
be returned if disabled; a 1 if enabled.
This command works on a group. Use the :INST:NSEL command first
to select the active group.

Sum results

Syntax :SUM <value>
Where <value> is 0 for disabled or 1 for enabled

Description The command adds a column to the results that displays the sum values of
each parameter selected (where applicable) for a group. This command
works on a group. Use the :INST:NSEL command first to select the active
group. If the currently selected groups wiring mode is 1 phase, 2 wire, then
a request to add sum results will be ignored.

Syntax :SUM?

Returns Oorl

Description This command returns the status of the sum results column. A 0 will be
returned if disabled; a 1 if enabled.
This command works on a group. Use the :INST:NSEL command first
to select the active group.

Syntax :SUM:AMP:METHD <method>
:SUM:VLT:METHD <method>
Where <method> is 1 or 2 to select the summation method

Description These commands select the summation method used for the Min, Max,

and Sum columns. Refer to the sum equations later in this document.
(See page 142, Sum equations.)
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Sum results (cont.)

Syntax

:SUM:AMP:METHD?
:SUM:VLT:METHD?

Returns

The summation method (1 or 2)

Mode setup commands

The mode setup commands correspond to the Modes menu. (See page 42, Modes.)
They are used to control how groups are configured to measure parametersin
certain conditions.

:MOD  Mode
Syntax

=MOD:NOR (normal mode)
:MOD:BAL (ballast mode)

:MOD: SBY (standby power mode)
:MOD: INT (integrator mode)
=MOD : PWM (PWM Motor mode)

Description

This command will set the mode for the group. Because this command
works with a group, use the :INST:NSEL command first to select the active

group.

Syntax

:MOD?

Returns

Mode number from 0 to 4

Description

This command will return a reference to mode for the active group.
Because this command works with a group, use the :INST:NSEL command
first to select the active group.

The returned values are:
0 — Normal Mode

1 - Ballast Mode

2 — Standby Power Mode
3 — Integrator Mode

4 — PWM Motor Mode

:MOD:BAL  Ballast mode
Syntax

:MOD:BAL:FREQ <value>
Where <value> is the power frequency in the range of 45 to 1000 Hz

Description

This command sets the power frequency for ballast mode. (See page 42,
Ballast mode.) Because this command works with a group, use the
INST:NSEL command first to select the active group.

Syntax

:MOD:BAL:FREQ?
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Ballast mode (cont.)

Returns Ballast frequency for the selected group

Description This command returns the ballast frequency for the active group.

:MOD:SBY  Standby mode

Syntax :MOD:SBY:PER <value>

Where <value> is the standby power integration period in the range of 1 to
1200 seconds as an integer

Description This command will set the integration period for standby power mode.
(See page 43, Standby Power mode.) Because this command works with
a group, use the :INST:NSEL command first to select the active group.

Syntax :MOD:SBY:PER?
Returns Integration period for the selected group
Description This command returns the integration period for the active group.

:MOD:INT  Integrator mode

Syntax :MOD: INT:ST:METH <method>
Where <method>
0 — manual
1 - clock
2 — level

Because the integrator is a group function, use the :INST:NSEL command
first to select the active group.

Description This command sets the starting method for the integrator.
Syntax MOD: INT:ST:CLK:TIME <time>
Where <time> is either hh:mm:ssA/P or hh:mm:ss
Description This command sets the integrator start time when used in clock start
method. The data in input is in the same format as the user has requested.
Syntax MOD: INT:ST:CLK:DATE <date>

Where <date> is in one of the following formats:
B dd:mm:yyyy or mm:dd:yyyy or yyyy:mm:dd
= dd/mmlyyyy or mm/dd/yyyy or yyyy/mm/dd
B dd-mm-yyyy or mm-dd-yyyy or yyyy-mm-dd

Description This command sets the integrator start date when used in clock start
method. The data in input is in the same format as the user has requested.
Syntax MOD: INT:ST:LVL:CH <channel>

Where <channel> is 1 through 4
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Integrator mode (cont.)

Description

This command sets the channel to use for level trigger. Specified as 1, 2,
3, or 4. If the channel number is not valid, then the ESR hit will be set.

Syntax

-MOD: INT:ST:LVL:SIG:<measurement>

Where <measurement> is the measurement is:
VLT - Volts rms

AMP — Amps rms

WAT - Watts

VAS - VA

VAR - VAr

FRQ - Frequency

PWF - Power factor

VPK+ - Volts peak (positive)

VPK- - Volts peak (negative)

APK+ — Amps peak (positive)

APK- — Amps peak (negative)

VDC - Volts DC

ADC - Amps DC

VRMN - Volts rectified mean

ARMN - Amps rectified mean

VCF - Volts crest factor

ACF — Amps crest factor

VTHD - Volts Total Harmonic Distortion
VDF - Volts Distortion Factor

VTIF - Volts Telephone Influence Factor
ATHD - Amps Total Harmonic Distortion
ADF — Amps Distortion Factor

ATIF — Amps Telephone Influence Factor
IMP - Impedance

RES - Resistance

REA - Reactance

All - Analog input 1

Al2 - Analog input 2

Al3 - Analog input 3

Al4 - Analog input 4

Description

This command sets the signal to be monitored for comparison against
the threshold. The command is followed by the normal signal selection
parameter such as VRMS or PWF.

Syntax

“MOD: INT:-:ST:LVL:SIG?

Description

This command returns the numerical identifier of the selected
measurement.

Syntax

MOD: INT:ST:LVL:THRES <threshold>

Description

This command sets the threshold level, a floating point number from +1e9

Syntax

IMOD:ZINT:ST:LVL:DIR <direction>
Where <direction> is 0 for = and 1 for <
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Integrator mode (cont.)

Description This command sets the direction of signal change when using level trigger
start.

Syntax MOD: INT:DUR <duration>
Where <duration> is the time in minutes

Description This command sets the duration for integration, a value of 0.0 to 10,000.

Syntax :MOD: INT:PF <power factor>
Where <power factor> is the desired power factor

Description This command sets the desired power factor for correction VArs, a value
of +1.0 to -1.0.

Syntax -MOD: INT:RUN

Description This command starts integration on all integrators.

Syntax :MOD: INT:STOP

Description This command stops integration on all running integrators.

Syntax MOD: INTzRESET

Description This command resets integration on all integrators.

. . NOTE. There are no specific PWM Motor mode commands other than the normal
:MOD:PWM - \oD: PWM command to select PWM Motor mode.
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Input setup commands

The input setup commands correspond to the Inputs menu. (See page 47, Inputs.)
They are used to control how signal inputs to the PA3000 are channelled and

controlled.

:WRG  Wiring configuration

Syntax

:WRG:1P2 - Set 1 phase, 2 wire
:WRG:1P3 - Set 1 phase, 3 wire
:WRG:3P3 - Set 3 phase, 3 wire
:WRG:3P4 - Set 3 phase, 4 wire
:WRG:3P3V3A - Set 3 phase, 3 wire (3V3A)

Description

This command sets up the wiring configuration for the group currently
selected. Use the :INST:NSEL command first to select the active group.

Syntax

WRG?

Returns

0,1,2,3,0r4

Each value represents a wiring configuration:
0is 1p2w

1is 1p3w

2 is 3p3w

3 is 3pdw

4 is 3p3w (3V3A)

:NAME  Group name
Syntax

:NAME <value>
Where <value> is the group name

Description

This command will set the display name for the group. The limit is eight
characters, per group hame. Because this command works with a group,
use the :INST:NSEL command first to select the active group.

Syntax

NAME?

Returns

Group name up to eight characters

Description

This command will return the display name for the active group. Because
this command works with a group, use the :INST:NSEL command first
to select the active group.
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:RNG  Ranging
Syntax :RNG:VLT:FIX <range>
:RNG:AMP:FIX <range>
SRNG:-VLT:AUT
RNG:AMP:AUT

VLT - set voltage ranging

AMP - set current ranging

FIX - fixed ranging

AUT - auto ranging

Where <range> is the range number from 4 to 12

Description This command sets the range for the currently selected group, Use the
:INST:NSEL command first to select the active group.

The range numbers for each input are defined in the following table.

Range # Volts 30 A shunt 1 A shunt External
shunt
Auto
4 5V 05A 0.0125 A 0.05V
5 10V 1A 0.025 A 01V
6 20V 2A 0.05A 02V
7 50V 5A 0.125A 05V
8 100V 10A 0.25A 1V
9 200 V 20A 05A 2V
10 500 V 50 A 125A 5V
11 1000 V 100 A 25A 10V
12 2000 V 200 A 5A 20V
Syntax RNG:VLT?
RNG:AMP?
Returns 0 through 12
Description This command returns the range configuration that applies to the currently

selected group. If the currently selected group is in auto-range, then 0
will be returned.

Syntax :RNG:VLT:AUT?
“RNG:-AMP:AUT?
Returns 0 through 12
Description This command is linked to a channel, not a group. It returns the actual

range that the currently selected channel is in. When there are multiple
channels in a group, and the group is set to auto range, each channel will
find the best range for signals applied.

Use the (INST:NSELC command first to select the active channel.
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:SHU  Shunt selection

Syntax ISHUZINT
:SHU:-INT1A
SHU:ZEXT
INT - set internal 30 A shunt
INT1A - set internal 1 Ay, shunt
EXT - set external shunt

Description This command sets the shunt for all channels in the currently selected
group.
Use the :INST:NSEL command first to select the active group.

Syntax :SHU?

Returns 0,1,0r2

Description This command returns the shunt setting for the currently selected group.

0 - Internal 30 Ams shunt

1 - Internal 1 Ay, Shunt

2 — External shunt

Use the :INST:NSEL command first to select the active group.

:FSR  Frequency settings

Syntax FSR:VLT
:FSR:AMP
:FSR:IEXT1
IFSR:ZEXT2
VLT - set voltage channel as the source.
INT1A — set current channel as the source.
EXT1 - set external counter input 1 as the source.
EXT2 - set external counter input 2 as the source.

Description This command sets the frequency source for the currently selected
group. The first channel in the group determines the frequency. Use the
:INST:NSEL command first to select the active group.

Syntax :FSR?
Returns 0,1,2,0r3
Description This command returns the currently configured frequency source for the

selected group.

The values returned correspond to:
0 - Voltage channel

1 - Current channel

2 — External counter input 1

3 - External counter input 2

Because this command works with a group, use the :INST:NSEL command
first to select the active group.

PA3000 Power Analyzer User Manual 85



Remote operation

86

Frequency settings (cont.)

Syntax

:FSR:PHR:VLT - Set the voltage channel as the reference.
:FSR:PHR:AMP - Set the current channel as the reference.

Description

These commands set the phase reference for the group to be either the
voltage or the current channel of the first card in the group.

The commands work on a group. Use the :INST:NSEL command first
to select the active group.

Syntax

FSR:PHR?

Returns

Oorl

Description

This command returns the currently configured phase reference for the
selected group.

The values returned correspond to:
0 - Voltage channel
1 - Current channel

Because this command works with a group, use the :INST.NSEL command
first to select the active group.

Syntax

:FSR:RNG <value>
Where <value> is 0 through 2

Description

This command sets the frequency range allowed for the input signal. The
values correspond to:

0->10Hz
1-1Hzto 100 Hz
2-0.1Hzto 10 Hz

This command works on a group. Use the :INST:NSEL command first
to select the active group.

Syntax

FSR:RNG?

Returns

0,1,0r2

Description

This command returns the currently configured frequency range for the
selected group.

The values returned correspond to:
0->10Hz

1-1Hzto 100 Hz
2-01Hzto10 Hz

Because this command works with a group, use the :INST:NSEL command
first to select the active group.
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:BDW  Bandwidth

Syntax :BDW <value>
Where <value>is 0 or 1

Description This command sets the bandwidth of all voltage and current measurement
channels in the active group. 0 = high bandwidth and 1 = low bandwidth.
Low bandwidth mode introduces a 10 kHz 2-pole filter into the voltage
and current measurement channels.

Syntax -BDW?

Returns Oorl

Description This command returns the currently configured bandwidth for the selected
group.

The values returned correspond to:
0 - High bandwidth
1 - Low bandwidth

Because this command works with a group, use the :INST:NSEL command
first to select the active group.

:SCL  Scaling

Syntax :SCL:VLT <scale>
:SCL:AMP <scale>
:SCL:EXT <scale>
:SCL:VLT:GRP <scale>
:SCL:AMP:GRP <scale>
:SCL:EXT:GRP <scale>
VLT - Voltage channel scaling
AMP - Current channel scaling
EXT - External shunt scaling
Where <scale> is a number from 0.00001 to 100000

Description This command sets the scaling factor for the currently selected channel.
Use the :INST:NSELC command first to select the active channel.

If the GRP option is used the same scaling factor will be applied to all
channels in the group. Use the :INST:NSEL command first to select the
active group before using the GRP option.

Syntax :SCL:VLT?
:SCL:AMP?
:SCL:EXT?
VLT - Voltage channel scaling
AMP - Current channel scaling
EXT - External shunt scaling
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Scaling (cont.)

Returns

A number from 0.00001 to 100000

Description

This command is linked to a channel, not a group. It returns the scaling
factor for the currently selected channel. Use the :INST:NSELC command
first to select the active channel.

:ANA  Analog inputs
Syntax

ANA <input>,<range>
Where <input> is an input number 1 through 4 and <range> =1 or 10

Description

This command sets the analog inputs 1 though 4. If <range> is 1, then the
+1 V range selected. If <range> is 10, then the £10 V range is selected
for the specified input.

Syntax

ANA? <input>
Where <input> is an input number 1 through 4.

Returns

The measured analog signal on the selected input

Graph and waveform commands

WAV  Waveform graphs

Syntax

WAV:VLT <enable>
“WAV:AMP <enable>
:WAV:WAT <enable>

Description

These commands enable or disable the display of a waveform graph,
where <enable> is 1 to enable or 0 to disable. The commands are all
channel based commands. Select the channel with :INST:NSELC before
using these commands.

Syntax

“WAV:-VLT?
WAV : AMP?
WAV :-WAT?

Description

These commands return the enable or disable status of the waveform
graph display. The commands are all channel based commands. Select
the channel with :INST:NSELC before using these commands.

Returns

1 if the waveform is enabled or 0 if the waveform is not enabled.
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Interface commands

Interface commands are used to set up and control the various ways of
communicating with the power analyzer.

:COM:RS2  RS-232 configuration

Syntax :COM:RS2:BAUD <baud rate>
Where <baud rate> is a baud rate of 9600, 19200, or 38400
Description This command sets the RS-232 baud rate.
Syntax :COM:RS2:BAUD?
Returns Baud rate of 9600, 19200 or 38400

:COM:IEE  GPIB configuration

Syntax :COM: IEE:ADDR <address>
Where <address> is an address in the range of 1 to 30

Description This command sets the GPIB address for the PA3000.

Syntax :COM: IEE:ADDR?

Returns The GPIB address for the power analyzer. If -1 is returned, no GPIB card
is installed.

:COM:ETH  Return Ethernet configurations

Syntax :COM:ETH:SUB?
:COMZETH: IP?
:COM:ETH:GATE?
SUB - Subnet mask
IP — IP address
GATE - Default gateway

Returns Number in the form of v4 IP address Xxxx.XXX.XXX.XXX

Description This command returns the requested information in the form of an IP
address. The information returned is the current configuration. If DHCP is
used as the assignment method, then the values returned would be those
values assigned by the DHCP server.

:COM:ETH:STAT  Static Ethernet configuration

Syntax :COM:ETH:STAT <value>
Where <value>is 0 or 1
Description This command determines whether the power analyzer uses a static IP

address or one assigned by a DHCP server. If <value> = 0 then a DHCP
server is used. If <value> =1 then the static IP settings are used.
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:COM:ETH:MAC

Datalog commands

90

:DATA:USB

Static Ethernet configuration (cont.)

Syntax :COM:-ETH:STAT?
Returns Oorl
Syntax :COM:ETH:STAT:SUB <ip value>

:COM:ETH:STAT:IP <ip value>
:COM:ETH:STAT:GATE <ip value>

SUB - Subnet mask

IP — P address

GATE - Default gateway

Where <ip value> is in the format XXX.XXX.XXX.XXX

Description These commands set the assigned static IP values for the power analyzer.

Syntax :COM:ETH:STAT:SUB?
:COM:ETH:STAT:IP?
:COM:ETH:STAT:GATE?
SUB - Subnet mask

[P — IP address
GATE - Default gateway
Returns The IP address in the format XXX.XXX.XXX.XXX.
Ethernet MAC Address
Syntax :COM:ETH:MAC?
Returns MAC address in the format of 12 hexadecimal characters
Description This command returns the MAC address on the Ethernet controller. The

MAC address would be of the form: 0x0019B9635D08.

The datalog commands produce the same functionality as the Datalog menu and
as the DATA OUT key on the front panel.

USB Data logging

Syntax :DATA:USB <stop/start>
Where <stop/start> 0 = stop; 1 = start
Description This command has the same function as pressing the DATA OUT key. Ifa

USB flash drive is present, it will log data to the flash drive.
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Screen save commands

:DISP:DATA?  Display data
Syntax :DISP:DATA?

Description The command freezes the display and returns a bitmap image of the
screen. Once the transfer is complete the display will update normally.
The binary data is the contents of a .bmp file and can be written directly to
a file on a host computer.

Returns This command returns a bitmap image as an IEEE 488.2 <DEFINITE
LENGTH ARBITRARY BLOCK RESPONSE DATA> formatted response.

Math commands

The math commands enable setting up the math screen on the power analyzer, as

well as the returning the results.

:MATH:FUNC  Math function information

Syntax :MATH:FUNC <funcNumber>,<name>,<formula>,<unit>
Where <funcNumber> = 1 through 30
<name> - user visible name
<formula> - formula for math function
<unit> - units to be displayed

Returns 1 if successful, otherwise 0.
Description This command configures the specified math function.
Syntax :MATH:FUNC? <funcNumber>
Where <funcNumber> is a valid math function number between 1 and 30
Returns <name>,<formula > <unit>
Where

<name> — user visible name
<formula> — formula for math function
<unit> - units to be displayed

Description This command will return the math function name, formula, and units for
the function.

:MATH:FUNC:EN  Math function enable

Syntax MATH:FUNC:EN <funcNumber>,<enable>
Where <funcNumber> is a valid math function number between 1 and 30
<enable> is 1 to enable the display of the function and 0 to disable it.

Description This command will enable or disable math function in the Math screen.
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Math function enable (cont.)

Syntax MATH:FUNC:EN? <funcNumber>
Where <funcNumber> is a valid math function number between 1 and 30
Description This command returns the status of whether a math function is enabled (1)

or disabled (0).

‘MATH?  Return MATH results

Syntax MATH?

Description This command returns all the calculated math functions that are enabled in
a comma-separated string.

System configuration commands

The System configuration commands correspond to the System Configuration
menu screen. (See page 59, System Configuration.)

:BLK  Blanking

Syntax :BLK:ENB - blanking enabled
:BLK:DIS - blanking disabled

Description With blanking enabled, the power analyzer returns a zero when the
measured signal is less than 5% of the range for the selected channel. If
the blanked channel is also used in another result, such as, Watts, then
that value will also be blanked.

Syntax :BLK?

Returns ENB if enabled, DIS if disabled

Description This command returns the status of blanking.

:AVG  Averaging

Syntax :AVG:AUT <depth>
Where <depth> is 1 through 10
Description The command sets the depth of the averaging buffer to average up to

<depth> sample periods. The sample period can also be changed using
the :UPDATE command. The averaging buffer will be reset whenever
there is a range change or the signal changes by more than 20%. The
command will also set the depth of the auxiliary inputs to the same value.

Syntax tAVG?
Description This command returns the averaging value as an integer.
Syntax :AVG:CH <depth>
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Averaging (cont.)

Description

The command sets the averaging depth of the selected channel. The
sample period can also be changed using the :UPDATE command. The
averaging buffer will be reset whenever the signal changes by more than
20% of the average.

Syntax

:AVG:CH?

Description

This command returns the averaging value as an integer.

Syntax

:AVG:AUX <depth>
Where <depth> is 1 through 10

Description

The command exclusively sets the depth of the auxiliary inputs averaging
buffer to average up to <depth> sample periods. The sample period can
also be changed using the :UPDATE command. The averaging buffer will
be reset whenever the signal changes by more than 2% of the average.

Syntax

AVG:AUX?

Description

This command returns the averaging value of the auxiliary inputs as an
integer.

:UPDATE  Update rate
Syntax

:UPDATE <update rate>
Where <update rate> is 0.05, 0.1, 0.2, 0.5, 1.0, or 2.0 seconds

Description

This command changes the display update rate. If the update rate is set
to less than 0.5 seconds, then the number of harmonics returned in the
update period will be reduced.

Syntax

UPDATE?

Description

This command returns the update rate as a floating point number.

:SYST:ZERO  Autozero
Syntax

:SYST:ZERO <value>
Where <value> is 0 for disable, 1 for enable, or 2 to run immediately

Description

This command sets whether the autozero function for the channels is
enabled or disabled.

Syntax

:SYST:ZERO?

Description

This command returns the autozero function for the channels. 0 if the
function is disabled or 1 if the function is enabled.
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:SYST:-DATE  System date

Syntax :SYST:DATE?
:SYST:DATE:SET <date value>
:SYST:DATE:FORMAT <date format>

Where <date value> is the new date in the selected format and <date
format> is the date format

Returns Date formatted in the way specified by the user separated by forward
slashes (/)
Description The :SYST:DATE? command returns the date on the power analyzer.

The :SYST:DATE:SET command sets the date on the power
analyzer. The <date value> should be in the format specified by the
:SYST:DATE:FORMAT command. For example, if the specified format
were 0 (mm/dd/yyyy), then the command would be: :SYST:DATE:SET
12/31/2015.

Use one of the three formats with the :SYST:DATE:FORMAT command:
<date format> = 0 — mm/dd/yyy or mm:dd:yyyy or mm-dd-yyyy

<date format> = 1 — dd/mm/yyy or dd:mm:yyyy or dd-mm-yyyy

<date format> = 2 — yyyy/mm/dd or yyyy:mm:dd or yyyy-mm-dd

:SYST:-TIME  System time

Syntax :SYST:TIME?
:SYST:TIME:SET <time value>
:SYST:TIME:FORMAT <time format>

Where <time value> is the new time in the selected format and <time
format> is the time format

Returns The time will be in either 12-hour or 24-hour format in hours and minutes
and seconds separated by colons (:). For example, 01:34:22P for 12 hour
or 13:34:22 for 24 hour.

Desctiption The :SYST.TIME? command returns the time on the power analyzer in the

specified format. The time can be in one of two formats:
<time format> = 0 — 12 Hour hh:mm:ssA/P
<time format> = 1 — 24 Hour hh:mm:ss

The time can also be set on the power analyzer using the :SYST.TIME:SET
command. In this case, the <time value> should be in the format specified.
For example, if the specified format were 0 (12 Hour), then the command
would be:

:SYST.TIME:SET 08:32:20P

For 12 hour clock, A should be used for AM and P for PM.
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:SYST.POWER  Power usage

Syntax :SYST:POWER:DISP <value>
Where <value>is 0, 1, or 2
Description This command allows the display to be switched off to reduce the power

consumption of the power analyzer. The operation of the display is
determined by the following values:

0 - always on
1 - off after 10 minutes with no key press nor remote control
2 - off in remote control mode

Syntax :SYST:POWER:DISP?

Returns 0 - always on
1 - off after 10 minutes with no key press nor remote control
2 - off in remote control mode

User configuration commands

These commands relate to the User Configuration menu item.

:CFG:USER  User configurations

Syntax :CFG:USER:LOAD <value>
:CFG:USER:SAVE <value>

Where <value> is user configuration 1 through 8 for saving and 0 through
8 for loading. 0 is the default configuration.

Returns 1 for success or 0 for failure

Description These commands will be used to load and save one of the user
configurations.

Syntax :CFG:USER:REN <value>,<config.Name>

Where <value> is user configuration 1 through 8 and <config.Name> is a
new configuration name (up to 16 characters)

Description This command changes the name of the configuration to aid in finding
it again.
Tip: When saving or loading configurations, allow at least three seconds

after sending the :CFG:USER:LOAD <value> command before reading a 1
for success, or 0 for failure.
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Sending and receiving commands

96

There are many ways in which to send commands to the PA3000, but there are
some common rules for al methods:

m  All instructions should be terminated with aline feed (ASCII 10) character.

= All returned information will be terminated by a line feed (ASCII 10)
character.

= Only oneinstruction can be sent at atime. For example, : SEL:VLT; : SEL:AMP
is not a valid command.

B For all commands that configure the unit, allow 0.5 seconds between each
command or use flow control to wait until the next command is sent.

B The running of autozero, which happens every minute, results in no new
resultsfor approximately one second. For thisreason autozero can be disabled.

NOTE. When using communications through the Ethernet interface on the power
analyzer, all communicationswill be responded to with a line feed character, such
as, ASCII LF(0x0A). In the examples below the line feed character is represented
by “[LF]".

Tip. If using Visual Studio or LabVIEW, use the Flush, In-buffer command to
guickly remove the carriage return from the input buffer. This can be set up asa
discipline in the software to occur after every read and write command sent.

Example 1. Send a query to the power analyzer to determine the status of the
shunt. The power analyzer will respond with a LF added to the end of the string;

USER: “:SHU?’
Power analyzer: “O[LF]”

The power analyzer responds as normal with a LF character added to the end
of the string.

Example 2. User sends a command to the power analyzer to disable blanking and
the power analyzer responds with a LF character;

USER: “:SHU:INT”
Power analyzer: “[LF]”
The power analyzer responds with a LF character.

Using all other communication methods, the power analyzer does not reply with a
LF to every communication.
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Communications examples

Basic selection and  Theresults are returned using the FRD command. This returns the results that are
returning of results ~ shown on the screen, in the order in which they appear on the screen. Asresuits
are selected using remote control, the results are added to the bottom of the list,
with the exception of harmonics, which always appear at the end of the list.

SINST:NSEL 1 Sets the current group as group 1
:SEL:CLR Clears all results from all groups
SEL:VLT

SEL:AMP

:SEL:FRQ

ISEL-WAT

SEL:VAS

SEL:VAR

SEL:-PWF

:SEL:VPK+

SEL:APK+

:FRD? Returns Vims, Ams, Frequency, Watts, VA,
VA, power factor, V. and V. in floating
point format.

:FRF? Returns the results selected for confirmation
using the label that appears on the display.
In this case will return, “Vrms, Arms, Freq,
Watt, VA, VAr, PF, Vpk+, Apk+"

Returning results ~ The power analyzer updates the results at the specified update rate. To return
repeatedly results as soon as they are available, set up the DSE register to enable bit 1, the
New Data Available (NDV) bit. Then read the DSR register using the ":DSR?"
command until it indicates that there is new data available, and then send a
":FRD?" command to get selected results.

:DSE 2 // This enablesthe NDV bhit.
While strDSR <> "2"

:DSR?

strDSR = received data
Loop
FRD?

Receive results

PA 3000 Power Analyzer User Manual 97



Remote operation

Harmonics  To return harmonics, first the number of harmonic and the scope need to be
selected and then they need to be added to the list of results on the display.

THMX:VLT:SEQ O Select odd and even harmonics (use 1 to
select odd harmonics only).

THMX:VLT:RNG 9 Return all harmonics from 1 to 9.

:SEL:VHM Add Voltage harmonics to the list.

Now, assuming :SEL :CLR has not been issued after example 1, then the following
results would be returned by :FRD?

VrmS1 Arm31 Freq. Watt. VA, VAr; PF, Vpk+, Apk+. Vthag; VhlPh; VhZMaga VhZPh! reey

Vhomag: Vhorh.

Communication example  Example showing afull sequence of commands used to communicate with a
using a group of channels  group of channels. This example will use the 1 A shunt and will blank below
5% of the range.

*RST Reset the instrument to default values.

*1DN? Identify the instrument and returns a string
that can be used by the user in the software
“Tektronix, PA3000, Serial Number, Firmware

Version”.
INST:NSEL 1 Select group 1.
:WRG:3P3 Set Channel 1 and Channel 2 for 3 phase 3
wire setup as part of group 1.
IRNG:VLT:AUT Set voltage auto ranging.
:RNG:AMP:AUT Sets current auto ranging.
ISHU: INT1A Set the 1A shunt for current measurements.
:FSR:VLT Set voltage as the frequency source.
:BLK:ENB Enable blanking.
tAVG:AUT 5 Set the measurements average to 5.
:SEL:CLR Clear the measurement selection list.
ISEL:VLT Select Vims.
ZSEL:WAT Select watts power.
:SEL:AMP Select Arps.
:SEL:FRQ Select frequency.
:SEL :PWF Select power factor.
:SEL:VAS Select VA power.
{}
{ Any additional parameters such as harmonics enter here. (See page 98, Harmonics.)}
{}
:DSE 3 Set DSR when data is available.
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While dsr <> 3

Poll in a continuous loop until DSR = 3.

:DSR?

Loop

:FRD:GRP1?

Read the measured data, which will be
shown as follows in floating point format:
Vims, Walts, Ars, Freq, Power Factor, VA
Power, Vs, Watts, A, Freq, Power Factor,
VA Power.

PA3000 Power Analyzer User Manual
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PA3000 software

PWRVIEW PC software

PWRVIEW is a supporting software application for Windows PCs that
compliments and extends the functionality of the power analyzer.

Sctup  Measure  Results ~
Add &3
° " O
©Remove @ Measure Test Configure
Setup  Upload
T Natwark 5
Instrumen Application Mode
PAIDGN{0004)
Applications / Test Wiing | Group A
4 General Moce: | Normal *|  Filter: |High - F“‘f‘[‘l"ﬁ,'ﬂ'vch -
AL Power
Frequen =
4 LED Driver ency > 104
Input = =
Quigt Voltage Channel
Efficiency -
4 Balast Range: | Aula | Scaling: 1
Input
Cutput s Current Channel
Efficiency Range: [ Auto »| Sealing: 1 Shunt: |Internal (304) =
4 PWM Motar Drive — - =
E:;"_’”I Measurement Selections Seiest A L-\-ﬂ
ficiency
4 Energy Measurements o Vrms el Vdc
Energy Comumplion S| A Act Adc
4 Standby Power Measurements o Wans I Vpk+ Z
Standby Power VA Vpk- R 4
4 Compliance Test s Apks 2
7 Freg Apk ViAr
:‘ 3 v wi VAf
Af PFT Vrf
Ll | _WPIT ,___ Vrmn Armn Vimg
Aang
Instrument PAI00G
ir
Connection USE NI-VISAGS 13.0 ir VAT
Senal Number  B00000S PFa
Firmware Ver.  3.1.0rc22 ok

| Ready

Figure 37: PWRVIEW software

PWRVIEW is a free download from www.tek.com that enables you to do the
following:

= Communicate with the power analyzer over any of the available instrument
communication ports

= Change instrument settings remotely

m  Transfer, view, and save measurement data in real-time from the instrument,
including waveforms, harmonic bar charts, and plots

®  Log measurement data over a period of time

= Communicate with and download data from multiple Tektronix power
analyzers simultaneously
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m  Create and log formulas for the calculation of power conversion efficiency
and other values

®  Export measurement data to .csv or .xIs format for import into other
applications

= Automate instrument setup, data collection, and report generation for key
applications with just afew clicks, using wizard-driven interfaces

m  Perform automated full compliance testing for Low Power Standby per
IEC 62301 Ed. 2.0

®m  Perform automated pre-compliance testing for current harmonics per
IEC 61000-3-2:2014 Ed. 4 and |EC 610004-7-:2002 + A1:2009. (Only
currently available with a PA1000 Power Anayzer)

m  Set user-defined limits

Severa application examples using the power analyzer and the PWRVIEW
software are provided in this document. (See page 103, Application examples.)
Use these exampl es to become more familiar using the power analyzer by itself
or with PWRVIEW software. A PDF version of the PWRVIEW online helpis
available for download at www.tek.com.

Firmware update utility

The PA3000 has been designed to add new features by updating the firmware
within the product. The firmware is updated by using a free PC software program.
This program can be found under the PA3000 section of the Tektronix Web site
(www.tek.com). Download the software and install it on your PC.

Once installed, run the software to get the main screen:

Device Communication
Type Methad
PATI000 @ PA3000 @ use

TekVISAGS 4042

TestUSB
Serial Number

Firmwase Version

Power Analyzer Update Files
Firrrmware File: Browse

Action Idle

Overall Progress 0%
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The software supports the downloading of firmware through USB.
1. Select PA3000 as the Device Type.

2. Click the Test USB button to see the serial number and firmware version of
the PA3000.

3. Point the software to the firmware file.

Thefile will be named in the form of “PA3000_va b_c.bin” where a, b, and
¢ are decimal numbers representing the firmware version number; such as,
PA3000 v3_ 1 0.hin.

Thefile can also be found on Tektronix Web site under the PA3000 page.
4. When ready, click Load Firmware.

c CAUTION. Do not remove power from the PA3000 during the download.

During the second stage of the download, the PA3000 screen will go blank and the
SHIFT key will blink.

After the second stage completes, the PA3000 will restart with the normal screen
and additional firmware sections will be downloaded.

At this point wait until the dialog box on the PC appears “ Firmware has been
loaded successfully.”
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Most single and three phase power measurements can be made on a PA3000 using
the default settings. The power analyzer is fully auto-ranging and because of its
proprietary frequency detection technique and peak ranging, it will adjust itself
to make the required measurements to the published specification irrespective of
frequency or crest factor

Certain measurements can be optimized using the special modes built in to the
power analyzer such as Standby Power mode, Integration mode, Ballast mode, or
PWM mode. The following application examples demonstrate the use of some of
these capabilities.

Each application example discusses two methods of making the same
measurements with some variations. The first method refers to making the
measurements directly on the PA3000 and the second shows the use of free
PWRVIEW software. The PA3000 is great for most bench measurements that
need quick checks or monitoring while the PWRVIEW software with default
applications and compliance test suites, makesit easy to remotely control, analyze,
log, and run compliance tests. For PWRVIEW installation instructions, please go
to the product page on www.tek.com.

Tektronix recommends looking over all of the application examples to get the
best understanding of all features that the PA3000 and the PWRVIEW software
have to offer.

The following application examples are provided in this section:

m  Efficiency testing single phase applications (See page 104.)

B Efficiency testing three phase applications (See page 112.)

®  Energy consumption testing (See page 121.)

m  Standby power measurements (IEC 62301 Ed. 2.0) (See page 127.)
= [nrush current testing (See page 133.)
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Example 1: Efficiency testing single phase applications

Measurement challenge

104

Measurement solutions

Test setup

The push towards green energy in recent years has raised the standards for
efficiency across all electronic and electrical products. Stricter energy standards
such as Level VI efficiency protocol, command tighter limits on efficiency

which makes it important to accurately measure input and output power and
simultaneously calculate efficiency over different load and source conditions.
This example demonstrates a simple method to make efficiency measurements on
an external AC-DC power supply that is rated to the level VI efficiency standard.
Similar principles can aso be applied to efficiency testing on any AC-DC power
supplies, DC-AC inverters, and other related converters including solar inverter
and UPS systems.

Efficiency measurements are straight forward; they accurately measure input
power and output power, and calculate efficiency over specified load and source
conditions. This example describes the setup and process for making accurate and
repeatabl e efficiency measurements on an external power supply. Make sure the
device under test is stable after the initial turn-on. A burnin time of 30 minutes
is recommended before taking any efficiency measurements. Many efficiency
standards aso call for checking stability for about five minutes before taking the
final measurement at a given load setting.

Efficiency can be measured directly on the PA3000 power analyzer display or
through the PWRVIEW software. The direct method isideal for a quick test
and monitoring; however, for long term testing and recording, the PWRVIEW
software is recommended. The PWRVIEW software makes it easy to configure,
monitor, set custom limits, and record efficiency measurements. These features
are especially useful if you are measuring to energy efficiency standards where
prolonged logging is required.

Complete the following steps to set up the efficiency measurement on an AC-DC
power supply with the PA3000 Power Analyzer:

1. Connect the AC input on the device under test (DUT) to the first channel of
the PA3000 using a Tektronix Breakout Box (BB1000) as shown in the wiring
diagram. (See Figure 38 on page 105.)

The breakout box taps in to the current signal and measures the voltage across
the input terminals. It makes it easier and safer to connect the input AC signal
on the DUT using the 4 mm safety |eads provided with PA3000.

2. Connect the output DC terminals on the second channel of the PA3000 using
the provided safety leads. The current shunt on the PA3000 is connected in
series with the output load; the voltage channels are connected across the
positive and negative terminals of the power supply as show in the figure.
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3. After making all of the connections, use one of the two methods to make
the efficiency measurements.

Talfronix  Breakout Box
1] AHI
e
L WL
[

AC Input

AC-DC
Power Supply

Load

152015

Figure 38: AC-DC efficiency measurement wiring diagram

Method 1: Efficiency
measurements on single
phase AC-DC power
supplies. (PA3000 direct)

The following steps describe the process for setting up the PA3000 for efficiency
measurements on and AC-DC power supply. This procedure can also be used for
testing efficiency on other applications such as. UPS systems, LED drivers, or
DC-AC inverters.
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|
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-1.0184 4 s =485.91 rnl

10.299 37.148 mv

1w/zn

Figure 39: Efficiency measurement on the PA3000
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Set the PA3000 to the default configuration:
a. Press lé]

b. Scroll down to User Configuration and preﬁu.

c. Select Load Default Configuration, and then press v" to confirm.

The PA3000 will load the defaults and display a confirmation screen. Press
- and then return to the Main Menu by pressing n

In the Main Menu, go to M easurements, press D and then select the
desired parameters for the AC input signal.

The first channel will be represented as Group A on the yellow bar at the
top of the screen.

Select the desired measurements such as Vrms, Arms, Watts, VA, PF, Acf,
Athd, and A Harmonics.

Select Group B representing the second channel on the PA3000 by pressing
the right arrow key on the left panel of the PA3000.

Select the desired measurements for the DC output such as Watt, Vdc, and
Adc; deselect any preset measurements that are not needed.

After selecting all of the desired parameters, press @] to view the Results
screen.

The PA3000 is now set up for making AC and DC measurements on the first
and second channels respectively.

Power on the DUT from the AC source; an appropriate load can be applied to
the DUT at this point.

The Results screen should start updating the real time measurements.

The Math function can be used for calculating efficiency. Press @ to set up
the efficiency formula

On the Math screen, press the MATH soft key.

Select the desired function from the list and then press u to enter the
options.

NOTE. The Edit Function can be used to edit any specific math formula. While

in the edit function, press to enter the Help menu for help in formatting the
function or refer to the information earlier in this manual. (See page 56, Math
results.)

PA 3000 Power Anayzer User Manual



Application examples

Further settings if required

10.

11

12.

13.

14.

For the efficiency calculations, enter (CH2:W/CH1:W)* 100 and then press

-. Press n to go back to the Math menu where the function can be
renamed and units can be added, if desired.

Go back to the Math menu and scroll down to the newly edited function

and enable the function by pressing v" . Select al functions that need to
be displayed on the screen.

Press @] to view the Results screen.
To view selected math formulas, press @

To view math formulas along with other results, press @] to view the

Results screen and press E multiple times until the math window appears
at the bottom of the screen.

You are now ready to take efficiency measurements on an AC-DC power supply.

Data logging. Thelogging feature allows you to log data over time for prolonged
efficiency testing involving load and source sweeps. Use the DATA OUT key
to log data to any compatible flash drive connected to the front panel usB

connector. The actual logging interval can be changed by pressing [E] and going
to Interfaces —» USB Host Data Out. Thelog file will be saved asa .csv file.

Waveforms and harmonics. To monitor AC input waveforms and harmonics, use

the @ or @ key respectively. Switch between channels by using the arrow
keys on the |eft panel. Various options for viewing waveforms and harmonics can
be selected from within the Graphs and Waveforms menu.
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Figure 40: Harmonic bar chart on the PA3000

Method 2: Efficiency  The following steps describe the process for setting up the PWRVIEW software
measurements on sing]e with a PA3000 for efficiency measurements.

phase AC-DC power

supplies. (PWRVIEW m

software) |Q @ |#e ™mr=m | . |0 & @

P EEFEEFREREEE
FRfe o f8 N n s Foos niLkl

Figure 41: Efficiency measurement with the PWRVIEW software
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1. Connect the PA3000 to the computer with the PWRVIEW software installed
using the supplied USB cable. Ethernet or GPIB can also be used, if desired.

2. Open the PWRVIEW software by double-clicking the desktop icon.
3. Click the Add button to connect the PA3000.

All available instruments will be listed in the selection panel.
4. Select the desired instrument (the PA3000) and then click Connect.

NOTE. There are various default applications and compliance tests on the left
panel that you can select from. This example discusses the AC-DC LED Driver
efficiency measurement. This method can also be used for similar AC-DC power
supplies.

5. Select LED Driver Efficiency under the Applications/Test section on the | eft
panel and then click the Wizard button.

The wizard helps with wiring and shunt selections. A 1 A shunt or 30 A shunt
can be selected based on the peak input and output currents.

6. Make changes on the setup wiring as suggested.

7. Click Finish when done and the page will direct you to the Efficiency Setup
tab.

8. Veify the instrument and group information and then click the check box for
the Measurement Efficiency.

PWRVIEW is now ready to take efficiency measurements.
9. Click the Measure tab page at the top and then click the blue Start button.
The measurements will start updating.

10. To add more measurements or change other settings, such as range and filters,
go to the Setup tab and select the desired settings.

NOTE. The measurements have to be stopped to make any changes on the Setup
page. Stop the measurements by clicking the Stop button on the bottom of the
Setup page.

Further settings if required ~ Waveform, Harmonics, and Trend Chart. In the measurement Grid, you can view
Waveform, Harmonics, and Trend charts by clicking the respective icons on the
menu bar.
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Figure 42: Efficiency Trend Chart

B Waveformsin the PWRVIEW software are constructed using the harmonic
data collected from the power analyzer. The accuracy of the waveform
depends on the amount of harmonic information available. For optimum
results, select maximum number of harmonics to display in the setup area.
Selecting 100 harmonics for the PA3000 gives the best results. If no
harmonics are selected, waveform feature will display a blank screen.

B The Harmonic bar chart can be enabled for al voltage, current, and watts
measurements. Up to 100 harmonics can be selected through the setup
screen. Hovering over any harmonic bar will display the absolute value and
percentage of fundamental for that harmonic.

= The Trend chart can be activated for any measurement parameter by either
right clicking on the desired parameter or by clicking the Trend icon on menu
bar. The Trend chart can be reset by using the Reset button on the menu bar.

Data logging. Recording datais important for most efficiency measurements
where load and source sweep is required.
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Figure 43: Logging setup

®  To record data using PWRVIEW, click the Record button on the menu bar.
The software will start recording all the selected data including formulas
and limits.

®  To change the data logging rate or to set the total log time, click the down
arrow on the Record icon to open the data logging setup. Here you can select
the desired logging duration and interval.

B To stop the data logging, click the Stop button.

= All the recorded datais stored in a database on the local computer. To access
the data, click the Results tab and then click the Measure icon. The dialog
box will present all the archived data.

m  Select the desired data set and export to either an Excel or a.csv format.

Custom limits. Custom limits can also be set with any of the measurement
parameters. Custom limits help set limits based on various standards or test
specifications.

PA3000 Power Analyzer User Manual 111



Application examples

Eiﬂw&ml«n -~

@ ko)  dla Toenom g 3 * Lil Homamis [ @
Averegirg Auts |l g ll.lawv 7 Wisiharm e
e oo Blarking: ¢ | Trama e s e
Mo |t e ]
e | Wasr i [ I
PAB{004) 1 PAMGGICEE) I | Fermula erit Catogeory: | Channal

1| sres 12015 ¥ 198 ¥ Efficmey =

;] ArwE POE G ma Y A N TR

T watoe 1 LY T =

4| Frm ks

i 5 = e e st

& | wikc ) =

- H. O & o

B | wef 1 B e * vty =

q Al ] W o =

Bh [ wukd IR i

1 azhd LT Forg » Gétaler =

17 | whil LV » ooty =

1 | whip (K0 -

B4 | whle BT o Lei = L

13 T 136,01 L s Gerater =

BE | Whim WO LE o

i

1]

i
Wil oW | Adhd v (ipET "

PRERIT

= 4
)

L ERP L PRl S
H1E 1 1%

]
W [vhils

e

Figure 44: Custom limits setup

= To set custom limits, either right-click the desired measurement parameter or
click the Limits Setup icon on the menu bar. Stop the measurement update to
set up custom limits.

m  Custom limits will appear as a separate tab on the measurement grid. The
result column will display red fontsif the limits are failing. Hovering over the
results will display the limit function, limit value, and relative value.

Example 2: Efficiency testing three phase applications

Measurement challenge

112

Applications such as motor drives, wind power turbines, and other large loads rely
on three phase power delivery to make the system more efficient and economical.
This example discusses how the PA3000 can help with three phase efficiency
measurements. The example applies to various three phase AC-DC, DC-AC
Inverters, and AC-AC converter applications such as PWM motor drive, three
phase inverters, three phase UPS systems, and wind power.

M easurements on a three phase application can be complex due to floating high
power signals and complex power calculations that can be proneto errors. Ideally
the three phases should be symmetric with balanced phases, but in most real
world applications there is always some imbalance due to inconsistenciesin the
load impedance, cabling, and other system aspects. It isimportant to have highly
accurate isolated measurements with good phase accuracy and synchronization
between the measurement channels.
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Measurement solutions  There are two main wiring configuration that can be used while measuring
three phase power. The two wattmeter method is common with 3-phase, 3-wire
applications and three wattmeter method is common with 3-phase, 4-wire
applications. Refer to the wiring section for details on al available wiring
configurations. (See page 47, Wring.)

The two wattmeter method can be used for measuring efficiency on three phasein
and three phase out applications using four power measuring channels. The three
wattmeter method is preferred for applications that have a dedicated neutral cable.
The following methods discuss different configurations for three phase power

measurement and demonstrates efficiency measurements on a three phase system.

Method 1: Efficiency  This method demonstrates three phase power and efficiency measurements on
measurements on three a single phase input and three phase output PWM motor drive directly on the
phase PWM motor drive ~ PA3000 display.

(PA3000 direct)

Test Setup  Thefollowing steps describe the process to set up the efficiency measurement on
a single phase input PWM motor drive using the PA3000.

1. Connect the single phase AC input on the PWM motor drive to the first
channel of the PA3000 using a Tektronix Breakout Box (BB1000) as shown
in wiring diagram.

The breakout box taps into the current signal and measures the voltage across
the input terminals. It makes it easier and safer to connect input AC signal on
the DUT with the 4 mm safety leads provided with the PA3000.

2. Connect the three phase output of the PWM drive to other three channels
using the 3 phase 4 Wire configuration as shown in the wiring diagram.

All three phases are set up in series with the internal shunt and the voltageis
measured across respective phase and neutral.

3. If the motor drive does not have a dedicated neutral cable, create afloating
neutral by connecting all three VLO terminals on channels 2, 3, and 4 together.
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Figure 45: PWM motor drive efficiency (1 phase in and 3 phase out)

4. After making all of the connections, set the PA3000 to the default
configuration:

a. Press lé]

b. Scroll down to User Configuration and prwsu.

c. Select Load Default Configuration, and then press v to confirm.

The PA3000 will load the defaults and display a confirmation screen. Press
- and then return to the Main Menu by pressing .

5. To select the correct wiring configuration within the Main Menu, go to I nputs
— Wiring — Configuration and select 1 Phase 2 Wire for Group A.

6. Scroll to Group B by pressing the arrow key on the left front panel and select
3 Phase 4 Wire.

NOTE. If desired, both groups can be named for ease of monitoring. Go back one
step and enter the appropriate name using the Group Name option.

7. The PA3000 makes it easy to configure important settings using default
modes. For the PWM motor drive output, from the Main Menu by select
Modes — Select Mode — PWM Motor.

The PWM Mode will set up the PA3000 to accurately measure the output
voltage of atypica PWM drive that switches at high frequencies. The
algorithm applies a proprietary sensing method to determine the actual
fundamental power frequency in real time for al power calculations so that
the calculated power and harmonic data are always accurate even in dynamic
speed conditions.
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The PWM Mode is not required for the input line frequency measurements.
The PWM Mode and other modes are described under the Modes section.
(See page 42, Modes.)

8. To enable sum measurementsfor the three phase output on group B, enable the
Sum Results column by entering the Main Menu and going to M easur ement
Configuration — Sum Results Column — Enabled.

9. To make the efficiency measurements, enable the Math function by pressing
@ and then pressing the MATH soft key.

10. Select the desired function to edit and press u to enter the options.

NOTE. The Edit Function can be used to edit any specific math formula. While

in the edit function, press to enter the Help menu for help in formatting the
function or refer to the information earlier in this manual. (See page 56, Math
results.)

11. For the efficiency calculation, enter (GRPB:SUM:W/CH1:W)* 100 and then
press - Press n to go back to the Math menu where the function can
be renamed and units can be added, if desired.

12. Go back to the Math menu and scroll down to the newly edited function

and select the function by pressing v" . Select all functions that need to
be displayed on the screen.

13. Press @] to view the Results screen.

14. To view selected math formulas, press @

15. To view math formulas along with other results, go back to the Results screen

and press E multiple times until the math window appears at the bottom
of the screen.

You are how ready to take efficiency measurements on a PWM Motor drive with
single phase input and three phase outpui.

Further settings if required  Torque and speed inputs. The overall efficiency of a motor drive system requires
measuring real-time speed and torque data. PA3000 has four analog and two
counter inputs to enable various auxiliary input measurements such as torque
and speed. More information on specifications of this inputs can be found under
Auxiliary inputs and output section of this manual. (See page 149, Auxiliary
inputs/outputs.)
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= Refer to the pin number for desired analog or counter input under Auxiliary
inputs/outputs and connect the signal (torque, speed, or others) directly to
the respective pin on the AUXILIARY INPUTS/OUTPUTS connector on

the rear panel.

B Theauxiliary inputs can be enabled and viewed through the math screen.
Pr&ss[ p ] and then press the MATH soft key to enter options. Select any
desired function and edit function as ANA1, ANA2, ANAS3, or ANA4 for

analog inputs and COUNT1 or COUNT2 for counter inputs to enable and
view auxiliary inputs on the screen.

m  To view the math screen along with other results, press E multiple times
until the math window appears on the bottom of the display.

Data logging. The logging feature allows you to log data over time for prolonged
efficiency testing involving load and source sweeps. Use the DATA OUT key
to log data to any compatible flash drive connected to the front panel USB

connector. The actual logging interval can be changed by pressing LE] and going
to Interfaces — USB Host Data Out. Thelog file will be saved asa.csv file.

Waveforms, harmonics, and vector graphs. Waveforms, harmonics, and vector
graphs can be enabled for al three phase signals.
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Figure 46: Vector graph on the PA3000
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Method 2: Efficiency
measurements on three
phase PWM motor drive

(PWRVIEW software)

Test setup

= To monitor AC waveforms, harmonics, or the vector graph use the [E
@, or keys respectively.
= Switch between channels using the arrow keys on the front panel.

m  Select various options for viewing waveforms and harmonics within the
Vector and Waveforms menus.

This method discusses efficiency measurement on three phase input and output
PWM motor drives using the PWRVIEW software.

1. Connect the three phase AC input of the PWM motor drive to the first two
channels of the PA3000 as shown in wiring diagram. (See Figure 47.)

2. Connect the three phase output of the PWM drive to the other two channels
using the configuration as shown in the wiring diagram.

NOTE. The 3 phase 3 wire (2 Wattmeter) configuration enables testing three phase
signals by using two power channels. This method can be used for simultaneously
testing 3 phase input and outputs on a 4 channel power analyzer. Detailed
information on the wiring configurations is given in the wiring section of this
user manual. (See page 47, Wiring.)

‘ 3PH AC Source

LL

‘ PWM Drive

Figure 47: PWM Motor drive efficiency (3 phase in and 3 phase out)

3. After making al of the power connections, connect the PA3000 to the
computer with the PWRVIEW software installed using the supplied USB
cable. Ethernet or GPIB can also be used, if desired
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4. Open the PWRVIEW software by double-clicking the desktop icon.
5. Click the Add button to connect the PA3000.

All available instruments will be listed in the selection panel. Select the
desired instrument (the PA3000) and then click Connect.

NOTE. There are various default applications and compliance tests on the left
panel that you can select from.

6. Select PWM Motor Drive Efficiency under the Applications/Test section on
the left panel and then click the Wizard button.

The wizard helps with wiring and shunt selections.

7. Select the three phase input and three phase output on the wizard and enter the
expected current in the appropriate box.

8. Click Finish when done and the page will direct you to the Efficiency Setup
tab.

9. Veify that the instrument and group information and then click the check
box for the Measurement Efficiency.

PWRVIEW is now ready to take efficiency measurements.
10. Go to the Measure tab and then click the blue Start button.
The measurements will start updating.

11. To add more measurements or change other settings, such as range and filters,
go to the Setup tab and select the desired settings.

NOTE. The measurements have to be stopped to make any changes on the Setup
page. Stop the measurements by clicking the Stop button on the bottom of the
Setup page.

Further settings if required  Torque and speed inputs. The overall efficiency of a motor drive system requires
measuring real-time speed and torque data. The PA3000 has four analog and two
counter inputs to enable various auxiliary input measurements such as torque
and speed. More information on specifications of this inputs can be found under
Auxiliary inputs and output section of this manual. (See page 149, Auxiliary
inputs/outputs.)
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Figure 48: Auxiliary inputs setup for torque and speed measurements

m  Refer to the pin number for desired analog or counter input under Auxiliary
inputs/outputs and connect the signal (torque, speed, or others) directly to
the respective pin on the AUXILIARY INPUTS/OUTPUTS connector on
the rear panel.

= To enable the auxiliary inputs using PWRVIEW, go to the Setup tab.

= On the Setup tab, go to the Wiring page and select the check box near the
bottom of the page for enabling the Auxiliary Inputs (Analog and Counters).
A new tab page named Auxiliary Inputs will be created.

= OntheAuxiliary Inputstab page, enter the desired label, units and equation for
the respective analog and counter inputs. Equation Guidelines on the bottom
can be used for assistance with entering equations. Enable the desired inputs.

m  Go to the Measure tab page and click the Start button.

The selected analog and counter input signals will be displayed on the
measurement grid with proper labels and units.

®  Desired formulas for further equating system efficiency using analog and
counter inputs along with any other measurement parameters can be entered
in the Formula column on the measurement grid.

Waveform, Harmonics, and Trend chart. 1n the measurement grid, you can view
waveforms, harmonics, and trend charts by clicking the respective icons on the
menu bar.
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Figure 49: Harmonic bar chart

Waveforms in the PWRVIEW software are constructed using the harmonic
data collected from the PA3000. The accuracy of the waveform depends on
the harmonic information available. For optimum results, select the maximum
number of harmonics to display in the setup area. Selecting 100 harmonics
for the PA3000 gives the best results. If no harmonics are selected, waveform
feature will display a blank screen.

The Harmonic bar chart can be enabled for al voltage, current, and watts
measurements. Up to 100 harmonics can be selected through the setup
screen. Hovering over any harmonic bar will display the absolute value and
percentage of fundamental for that harmonic.

The Trend chart can activated for any measurement parameter by either
right-clicking the desired parameter or by clicking the Trend icon on menu
bar. The Trend chart can be reset by clicking the Reset button on the menu bar.

Data logging. Recording datais important for most efficiency measurements
where load and source sweep is required.

B To record data using PWRVIEW, click the Record button on the menu bar.
The software will start recording all the selected data including formulas
and limits.

m  To change the data logging rate or to set the total log time, click the down
arrow on the Record icon to open the data logging setup. Here you can select
the desired logging duration and interval.

B To stop the datalogging, click the Stop button.
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m  All therecorded data is stored in a database on the local computer. To access
the data, click the Results tab and then click the Measure icon. The dialog
box will present all the archived data.

m  Select the desired data set and export to either an Excel or a.csv format.

Custom limits. Custom limits can also be set with any of the measurement
parameters. Custom limits help set limits based on various standards or test
specifications.

m  To set custom limits, either right-click the desired measurement parameter or
click the Limits Setup icon on the menu bar. Stop the measurement update to
set up custom limits.

= Custom limits will appear as a separate tab on the measurement grid. The
result column will display red fontsif the limits are failing. Hovering over the
results will display the limit function, limit value, and relative value.

Example 3: Energy consumption testing

Measurement challenges

Measurement solutions

Test Setup

Energy consumption testing on home and office appliances is required for
compliance to many international and regional standards programs such as
ENERGY STAR®. Energy consumption testing involves the integration of power
consumed over along period of time, often days. Use the dedicated Integration
Mode on the PA3000 to make energy consumption testing easier and faster.

Energy consumption testing is often done over awide range of loads and requires
an accurate measurement system that can capture all dynamic load changes. If the
load is expected to have severa load variations, Tektronix recommends to set up
the PA3000 in manual range.

The Integrator mode on the PA3000 integrates desired measurements over

a specified period. Integrator mode enables measurement options such as
Watt-Hours, VA-Hours, Amp-Hours, and Hours under the M easurements menu.
I ntegration measurements are on a per-group basis and can be enabled for single
and three phase configurations. Detailed information on integration setup and
all available measurements is covered under the Integrator mode section in this
manual. (See page 43, Integrator mode.)

The following steps describe the process to set up energy consumption
measurements on a home or office appliance using a PA3000. This method can
be used for testing energy consumption of any DUT that plugs into the AC wall
socket for power.
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1. Connect the AC input on the DUT to thefirst channel of the PA3000 using a
Tektronix Breakout Box (BB1000) as shown in the wiring diagram.

The breakout box taps in to the current signal and measures the voltage across
the input terminals. It makes it easier and safer to connect the input AC signal
on the DUT using the 4 mm safety leads provided with the PA3000.

2. After making all of the connections, use one of the two methods to make

the efficiency measurements.
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Figure 50: Energy consumption measurements wiring diagram
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Method 1: Energy  Thefollowing steps describe the process to set up energy consumption testing on
consumption home or office appliances using the PA3000.

measurements (PA3000
direct)

Wh

5691 1 VA |

1/20

Figure 51: Energy consumption testing on the PA3000
1. Set the PA3000 to the default configuration:

a. Press LE]

b. Scroll down to User Configuration and press D

c. Select Load Default Configuration, and then press v to confirm.

The PA3000 will load the defaults and display a confirmation screen. Press
m and then return to the Main Menu by pressing n

2. To enablethe Integrator mode, go to M odes — Select Mode — Integrator.

3. Press n select Setup Modes — Integrator Setup, and select the desired
start method.

= Manual works by pressing the INTEG RUN key to start and stop
integration.

= Clock allowsfor setting up a specific time to start integration.

= Level alows you to set trigger levels on a specific signal to start the
integration measurement.
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4. Go back to the Integrator Setup menu to configure the clock start, duration or
the trigger level.

NOTE. The Integrator Setup menu also provides an option to set up the target
power factor for the design. This feature displays the value of VArs required
to correct the average power factor to the target power factor. Refer to the
Integrator mode section of this manual for more information on each option.
(See page 43, Integrator mode.)

5. After you have set the integration mode and selected the start-stop method,
press @]

The PA3000 will display integration parameters such as: Hr, Whr, VAHTr,
and AHr.

6. Power onthe DUT and the results on the PA3000 should start updating.

The integration results will display zero until it is triggered either manually
using the INTEG RUN key on the front panel or by the selected start method.

The LED under the INTEG RUN key stays on while integration measurements
are running.

7. To stop the integration, pressthe INTEG RUN key again; to reset, use the
RESET/CLEAR key.

The integrator can be run simultaneously on all groups/channels on the PA3000.

While in the integrator mode, the integration graph can be enabled by pressing

[j.‘.’ ] The graph displays all integration measurements for a given group. Scroll
through the different groups by using the arrow keys on the front panel.

Other parameters to graph can be selected by pressing the INT soft key.

Data logging. The logging feature allows you to log data over time for prolonged
efficiency testing involving load and source sweeps. Use the DATA OUT key
to log data to any compatible flash drive connected to the front panel USB

connector. The actual logging interval can be changed by pressing LE] and going
to Interfaces — USB Host Data Out. Thelog file will be saved asa.csv file.

Ranging. By default the PA3000 is auto-ranging. Auto-ranging is fast and
generally unnoticeable, but might lead to loss of data while the auto-ranging
occurs. Using afixed range while measuring energy consumption ensures that no

dataislost during the ranging process. To set afixed range, preﬁ'LE] and go to
Ranging — Current Range, and then choose a suitable fixed range, based on
the measurements made during auto-ranging. If the range istoo low, a warning
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message will display. Thiswill not harm the PA3000. The range should not be set
too high as this will compromise the overall accuracy.

Method 2: Energy  The following steps describe the process to set up energy consumption tests on
consumption testing home or office appliances using a PA3000 aong with the PWRVIEW software.

(PWRVIEW software) 1 yse the same test setup as with the preceding PA3000 direct example.

2. After making al of the power connections, connect the PA3000 to the
computer with the PWRVIEW software installed using the supplied USB
cable. Ethernet or GPIB can also be used, if desired

Open the PWRVIEW software by double-clicking the desktop icon.
4. Click the Add button to connect the PA3000.
All available instruments will be listed in the selection panel.

5. Select the desired instrument (the PA3000) and then click Connect.

NOTE. There are various default applications and compliance tests on the left
panel that you can select from.

6. Select Energy Consumption under the Applications/Test section on the left
panel and then click the Wizard button.

The wizard helps with wiring and shunt selections.

7. The PA3000 can compute the value of VArs required to correct the power
factor to atarget value. This can be selected with the wizard by entering the
desired power factor.

8. Click Next to review and then click Finish.

9. Gotothe Measure tab and then click the Start button to start the measurements.
All integration measurements will be initialized as zero values.

10. Click the green Start button on the top ribbon to start the integration.
Each of the integration measurements should start updating in real time.

11. Reset theintegration, if needed, by clicking the green Reset button.

Each individual channel can be used to run integration testing on more than
one device. Integration testing can also be used for three phase devices. Select
Integration from the Mode drop-down menu on the Setup page for desired
channels or for the three phase group.

Further settings if required  Trend chart. The integration graph can be activated through the Trend chart
feature in PWRVIEW.

PA3000 Power Analyzer User Manual 125



Application examples

126

R M T dedn]

xxxxxx

......

Figure 52: Integration Trend chart

The Trend chart can be activated for any integration measurement by either
right-clicking the desired parameter or by clicking the Trend icon on the menu
bar. The Trend chart can be reset by using the Reset button on the menu bar.

Data logging. Recording dataisimportant for most energy consumption testing.

To record data using PWRVIEW, click the Record button on the menu bar.
The software will start recording all the selected data including formulas
and limits.

To change the data logging rate or to set the total log time, click the down
arrow on the Record icon to open the data logging setup. Here you can select
the desired logging duration and interval.

To stop the data logging, click the Stop button.

All the recorded data is stored in a database on the local computer. To access
the data, click the Results tab and then click the Measure icon. The dialog
box will present all the archived data.

Select the desired data set and export to either an Excel or a.csv format.

Custom limits. Custom limits can also be set with any of the measurement
parameters. Custom limits help set limits based on various standards or test
specifications.
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Figure 53: Custom Limits

B To set custom limits, either right-click the desired measurement parameter or
click the Limits Setup icon on the menu bar. Stop the measurement update to
set up custom limits.

®  Custom limits will appear as a separate tab on the measurement grid. The
result column will display red fontsif the limits are failing. Hovering over the
results will display the limit function, limit value, and relative value.

Example 4: Standby power measurements (IEC 62301 Ed. 2.0)

Power supplies, adapters and common electrical and electronic goods often
operate in standby mode. Examples are a TV switched off by a remote control
but consuming power while waiting for further remote control, a microwave oven
displaying its clock, or acell phone charger that has finished charging.

The cumulative power drawn by these and other common loads is significant and
programs such as ENERGY STAR® and the European Eco-Directives seek to
limit the power drawn by equipment when in standby mode. The typical standby
power levels continue to decrease from the 1 Watt initiative of 2010 towards the
level VI efficiency standards of 2016.

Measurement challenges  The standby power and the measured current are low compared to the normal
operating point of the DUT. The PA3000 should accurately measure currents as
low as 100 pA, along with the full-load current. The PA3000 offers low current
measurement ranges and very low noise to accurately measure the standby current
and power.
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To meet the standby regulations, the power supply often operates in burst mode,
where, the power is drawn in small bursts and then the circuit is forced to seep.
To make accurate standby measurements in burst mode, the PA3000 executes
following:

®  Samples the waveforms continuously such that no data is missed.

m  Averages all the measured data to produce a stable result.

Measurement solutions  The PA3000 offers a dedicated Standby Power mode for quickly checking standby
power on the bench. The PWRVIEW software with the PA3000 also offers full
compliance standby power testing to IEC62301 Ed. 2.0. Standard. The 1 A
shunt on the PA3000 offers high resolution and accuracy for testing currents as
low as 80 pA. This enables the PA3000 to measure standby power as low as
20 mW at 240 V.

Test Setup ~ Complete the following steps to set up the PA3000 to make the standby power
measurements;

B Connect the DUT using a Tekronix Breakout Box (BB1000) as shown in
the wiring diagram. (See Figure 54.)

m  Usethe 1 A shunt on the PA3000 for better accuracy if the expected current is
below 1 A.

m  Usethe VLO Source connection for voltage. Using the VLO Source terminal
for standby power measurements, moves the voltage low node to the source
side of the current shunt. This helps eliminate measurement errors due to
current drawn by voltmeter impedance of PA3000. Thisisimportant while
making very low standby power measurements. For all other measurements,
VLO Load termina should be used.

Breakout Box wa o
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Teldronix Breakout Box .mw
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Figure 54: Standby power measurements wiring diagram
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Method 1: Standby power  The front-panel mode of the PA3000 is designed to give product designers afast,
quick check (PA3000  Yet reliable, check of standby power consumption.

direct)  Enapling standby power mode automatically sets along averaging time to average

the typical power variations and bursts and it disables low-level blanking so that
very low power and current values can be displayed.

NOTE. The PA3000 samples continuously in standby mode to ensure that no
datais lost.

Select Mode
Normal
Ballast

Standby Power
Integrator

PWM Motor

ow:30r
1z2/01

Figure 55: Standby Power mode

If the expected standby current is lower than 1 A, select the 1 A shunt input of
the PA3000.

1. Toselect the 1 A shunt, go to the Main Menu (pressEI), goto Inputs —
Shunt and select Internal 1 A; press v to confirm.

2. To enable the dedicated Standby Power mode go to the Main Menu, go to
Modes — Select M ode — Standby Power, and then press v to confirm.

3. Press @] to start making the standby measurements.

Further settings if required  Integration time window. The default integration time is 10 seconds. This can be
adjusted as required in the M odes — Setup Modes — Standby Setup. If the
DUT is stable, select a shorter time for faster measurements. If the measurements
are unstable, choose alonger integration time. If in doubt, use the full-compliance
method built-in to the PWRVIEW software.
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Method 2: IEC 62301
Ed. 2.0 Full compliance
standby power testing
(PWRVIEW software)
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Ranging. By default the PA3000 is auto-ranging. Auto-ranging is fast and
generally unnoticeable, but might lead to loss of data while auto-ranging

occurs. Using afixed range while measuring standby power ensures that no
dataislost during the ranging process. To set a fixed range, choose Inputs —
Ranging — Current Range and then choose a suitable fixed range, based on
the measurements made during auto-ranging. If the range istoo low, a warning
message will display. Thiswill not harm the PA3000. The range should not be set
too high, as this will compromise the overall accuracy.

Bandwidth. For low power standby signals that have undesired high frequency
components, low bandwidth filters can be enabled. A low bandwidth 10 kHz
filter is available through the Inputs setup. Applying low pass filters might vary
the RM S values of voltage, currents, and power as high frequency components
affect the RM S values.

Autozero. Use the Autozero — Run Now function under the System
Configuration menu to run autozero before running a standby power test. This
will make surethat al the offsets are compensated and the low current and power
readings are accurate.

All settings can be saved for later use in the User Configuration menu.

The PWRVIEW software along with PA3000 can test the standby power using full
compliance techniques of IEC 62301 Ed. 2.0/ EN50564. M easurements are made
easy by using the PWRVIEW software and for making accurate measurements for
full compliance standby testing. The software calculates real time instability and
exectutes power averaging as required by the standard.
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Figure 56: Full compliance IEC 62301 Standby power test
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1. Usethe sametest setup as with the preceding PA3000 direct example.

2. After making all of the power connections, connect the PA3000 to the
computer with the PWRVIEW software installed using the supplied USB
cable. Ethernet or GPIB can also be used, if desired.

3. Open the PWRVIEW software by double-clicking the desktop icon.
4. Click the Add button to connect the PA3000.

All available instruments will be listed in the selection panel.
5. Select the desired instrument (the PA3000) and then click Connect.

NOTE. There are various default applications and compliance tests on the left
panel that you can select from.

6. Click the Test button in the Application Mode areain the Menu bar.
This enables the grayed out Compliance tests on the left panel.

7. Select the IEC 62301 Standby Power option under the Compliance tests and
then click the Wizard button.

The wizard provides easy steps to setup up the standby power test.

8. Enter the appropriate information on the respective pages of the wizard and
then click through al of the steps to correctly set up the PA3000 for the test.

9. If theinput current islessthan 1 A, usethe 1 A shunt on the PA3000 for
better resolution and accuracy.

10. After applying al of the settings, click the Test tab on the top of the
PWRVIEW window.

Test details such as laboratory, customer, product information, and
environmental conditions can be filled in on the top ribbon before starting
the test.

The left panel allows you to select the required power limit, expected
frequency, and input voltage.

The default time for running the standby power test according to IEC 62301 is
15 minutes; this can be changed based on regional or local requirements.

11. After completing all of the settings, click the Start button.

The test will run for the time duration selected and will update all the required
measurements in the left panel. The standby power variation over timeis

displayed graphically.

Voltage quality, power stability, and uncertainty is also evaluated in rea time
as required by the standard.
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Thetest will display the Pass/Fail status based on all evaluated parameters.

The test summary can be reviewed under the Results tab. All of the required
parameters will be summarized with a Pass/Fail status under Test Summary and
Genera Results.

The Power Readings tab allows you to scroll through the time scale and to debug
specific issues on agiven time stamp. Use the scroll bar on the top of the window
to scroll through the time line.

The test results can be exported as a full report by clicking the Full Report PDF
icon on the top ribbon. Alternately, the raw data can exported using the Export
CSV icon.

Test Report No 151210-034550-F

......

Measuremant of Standby Power to [EC 62301 Ed. 2.0

e e

[T T — Vs Taktrani

Figure 57: IEC 62301 Ed. 2.0 Standby power test report

Ranging. By default, the PWRVIEW software sets up the PA3000 current range
in Auto-Up-Only. The Auto-Up-Only option ranges up the PA3000 until it finds
the highest range where the input signal is not clipped. This helps with setting
the best range for the test. Alternatively, if the expected peak currents are known,
amanual range can be selected for higher accuracy. The manual range can be
selected for the selected shunt through the Setup page under Range options.

PA 3000 Power Anayzer User Manual



Application examples

Bandwidth. For low power standby signals that have undesired high frequency
components, low bandwidth filters can be enabled. A low bandwidth 10 kHz filter
is available through the Setup screen under the Filter drop down option. Applying
low pass filters might vary the RM S values of voltage, currents, and power as
high frequency components affect the RM S values.

AC source. ThelEC 62301 Standby Power full compliance test requiresthe AC
source to be very stable as detailed in the standard. The voltage and frequency
are required to be within 1% tolerance. In addition, the input VTHC (Voltage
Total Harmonic Content) has to be within 2% for the first 13 harmonics and the
V CF (Voltage Crest Factor) has to be within the 1.34 to 1.49 range. Tektronix
recommends using a stable external AC source that meets standard requirements
for the full compliance testing.

Example 5: Inrush current testing

Measurement challenges

Measurement solutions

Test Setup

Most electrical devices draw initial current that is significantly higher than the
nominal steady state current due to low input impedance. Motor drives and
transformers are known to have inrush current twenty times higher than the
steady state currents. It isimportant to characterize inrush current to determine
input conductor and fuse ratings.

Accurate measurement of inrush current requires high sampling rate and no-gap
signal acquisition. It important that the correct current range is selected on the
measuring equipment while measuring the inrush current as the current can be
significantly higher than the expected steady state current.

The PA3000 with 1 MS/s sampling rate can accurately record peak signal samples
for inrush current measurements. The Min and Max hold function through the

PA 3000 menu allows you to capture inrush current and other peak events on

the front screen. Inrush current measurements can also be made through the
PWRVIEW software. This example discusses the PA3000 setup to measure
inrush currents.

Complete the following steps to set up the PA3000 to take the inrush current
measurements:

®  Connect the DUT using a Tekronix Breakout Box (BB1000) as shown in
the wiring diagram. (See Figure 58.)

B Usethe 30 A shunt on the PA3000 for inrush current measurements. Using
the 1 A shunt is not recommended for inrush current because peak currents
can be quite high, even for applications where the nominal steady state
current isbelow 1 A.
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Figure 58: Inrush current measurement wiring diagram

Method 1: Inrush current  The following steps describe the process for setting up the PA3000 for the inrush
measurements (PA3000  current measurements.

direct) 1 set the PA3000 to the default configuration:
a. Press lé]
b. Scroll down to User Configuration and preﬁu.

c. Select Load Default Configuration, and then press v to confirm.

The PA3000 will load the defaults and display a confirmation screen. Press
- and then return to the Main Menu by pressing (l

NOTE. The PA3000 needs to be configured to continuously sample and return
non-averaged results. It also needs to be configured to store peak values.

2. Ranging must be fixed on both the voltage and current channels to enable
continous sampling. To select amanual range, go to the Main Menu (press

[El), go to Inputs — Ranging — Current/Voltage range, and then select
an appropriate range.

If the expected inrush current is not known, select the highest range and then
dial down, asrequired, after repeating the test as needed for more accurate
results
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3. The PA3000 automatically blanks al the results that are lower than ten
percent of the range. Blanking is continuously active and can interfere with
recording the inrush event.

To disable the blanking, go to the Main Menu, go to System Configuration
— Blanking — Off.

4. Set the averaging to one so that the results are not averaged over time. Go
to the Main Menu, go to System Configuration — Averaging — Channel
Averaging. Set the value in the window to 1.

5. Turn off the Autozero function under the System Configuration menu.

6. To enable Peak Hold, the Maximum and Minimum Hold columns need to be
enabled. Go to the Main Menu and go to M easurement Configuration —
Maximum Hold — Enabled. Repeat the step for the Minimum Hold.

When enabled, the Maximum and Minimum hold columns will record both
positive and negative cycle peaks.

7. Enablethe Peak current measurement parameters in the M easurements menu.
Select both the Apk+ and Apk- because the peak can be either positive or
negative.

8. After setting up the PA3000, connect the DUT to the breakout box.

9. Theinrush current will be displayed in the Max and Min columns on the
Results screen. The PA3000 will hold the maximum sample value for the
positive and the negative cycles.

119.69 v 8.2379
mi 26777 & 0.0000 arms 484,60
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Figure 59: Min-Max columns for the Inrush current measurement

10. To reset the Max and Min values, press the RESET/CLEAR key.
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Further settings if required

Method 2: Inrush current
measurements (PWRVIEW

136

software)

Tektronix recommends to repeat the inrush current measurements by connecting
the DUT several times to capture the highest possible peak value. The highest
possible peak value occurs on the peak voltage cycle and it isimportant to capture
this point for the maximum inrush current. It is also important to wait a few
moments between connecting the DUT to allow the input capacitance on the
device to completely discharge.

Data logging. The logging feature allows you to log repeated inrush current
eventsin the form of raw data. Use the DATA OUT key to log data onto a flash
drive attached to the front panel USB connector. Turn on the data logging before
first connecting the device and run the data logging through repeated plug-in
events to capture all inrush events.

Screen save. The screen save function allows you to save the current screen
from the PA3000. This can be useful for quickly capturing the inrush current
readings. Pressthe SCREEN SAVE key to save the data as a.bmp file to aflash
drive connected to the front panel USB connector.

The PWRVIEW software makes it easy to quickly check inrush current
measurements on the measurement grid.
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Figure 60: Inrush current measurement
1. Usethe sametest setup as with the preceding PA3000 direct example.

2. After making all of the power connections, connect the PA3000 to the
computer with the PWRVIEW software installed using the supplied USB
cable. Ethernet or GPIB can also be used, if desired.
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3. Open the PWRVIEW software by double-clicking the desktop icon.
4. Click the Add button to connect the PA3000.

All available instruments will be listed in the selection panel.
5. Select the desired instrument (the PA3000) and then click Connect.
6. On the Setup page, select the Group A tab.

7. Select the highest current range from the Range selection under the Current
Channel settings.

Any other range can be selected if the expected peak inrush current is known.

8. Select the Apk+ and Apk- measurements along with any other desired
parameters.

9. Go to the Measure grid and clear the Zero Blanking check box in the top
ribbon.

10. Select averaging of 1 from the drop-down menu for averaging.
11. Click the Start button. The measurements will start updating.

12. When the measurement grid is updating, connect the DUT to measure the
inrush current.

13. Hover over the Apk+ and Apk- measurements to find the maximum positive
and negative inrush current.

14. To graphically view the inrush current peak, right-click Apk+ and Apk- and
then select the Trend Measurements.

The Trend chart will start updating with real time results of Apk+ and Apk-
values. Connecting the DUT will graphically show the inrush current peak
value.

15. Toreset the Min and Max values on the Trend graph, click the Reset icon.

Tektronix recommends repeating the inrush current measurements by connecting
the DUT severa times to capture the highest possible peak value. The highest
possible peak value occurs on the peak voltage cycle and it isimportant to capture
this point for the maximum inrush current. It is also important to wait a few
moments between connecting the DUT to allow the input capacitance on the
device to completely discharge.

Further settings if required ~ Data logging. All instances of inrush current testing can be recorded using the
Record feature of the PWRVIEW software.

B To record data using PWRVIEW, click the Record button on the menu bar.
The software will start recording all the selected data including formulas
and limits.

B To stop the data logging, click the Stop button.
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All the recorded datais stored in a database on the local computer. To access
the data, click the Results tab and then click the Measure icon. The dialog
box will present all the archived data.

Select the desired data set and export to either an Excel or a.csv format.
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Measured parameters

Table 15: Phase measurements

Abbreviation Description Units Formula’
Vims RMS Voltage Volts (V) Vo = % | foT o2 dt
Aus RMS Current Amps (A) A = / % fOT gt
F Frequency Hertz (Hz)
w True Power Watts (W) w=4x fOT vidt
w
PF Power factor PF = A —
VA Apparent Power Volt-Amps (VA) VA = Vims X Arms
VA, Reactive Power Volt-Amps Reactive (VAr) 14, = (VA — W
Ve Positive Peak Voltage Volts (V) max {v}
/" Negative Peak Voltage ~ Volts (V) min{v}
A Positive Peak Current Amps (A) mazx {1}
Age Negative Peak Current ~ Amps (A) min {i}
Vec DC Voltage Volts (V) Vie = % [ vdt
A DC Current Amps (A) Ay = % fUT idt
Vimn Rectified Mean Voltage  Volts (V) Virnn = % fOT |v| dt
A Rectified Mean Current  Amps (A) Armn = 7 fOT | dt
Vit Voltage Crest Factor Vg = max(\Vﬁfﬁ\, V1)
A Current Crest Factor Ay = mam(\A;%x;H, [Aps—1)
Ving Voltage Total Harmonic % VVae?+ Vi + Via? + Vil + Vis? + ..
Distortion Vier
Vet Voltage Distortion Factor % \ Vems?— Vit
Vref
Vit Voltage Telephone 'maa harm
Influence Factor 7 - S (kn X Vin)?
e min harm
Awng Current Total Harmonic % AP An? + AnaZ & AnZ + Ang? +
Distortion Arey
Ag Current Distortion Factor % V Arms®— Api?
Arey
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Table 15: Phase measurements (cont.)

Abbreviation Description Units Formula
A Current Telephone max harm
Influence Factor Aif S (ko % Apa)?
min harm
YA Impedance Ohms (Q) 7 - X_f
b
R Resistance Ohms (Q) R = X_f; x cosf (6 = Ve, — App)
X Reactance Ohms (Q) X = X_? x sinf (8 = Vpp, — App)
Vi Fundamental Voltage Volts (V) \/(Vhlﬁ + Vi1 -¢?)
A Fundamental Current Amps (A) V(Ap1r? + Api.q?)
W Fundamental Power Watts (W) Vhir X Ap1or + Vi X Apiq
VA; Fundamental Apparent  Volt-Amps (VA) /W2 4 VA2
Power ! il
VA Fundamental Reactive Volt-Amps Reactive (VAr) if W >0
Power (Vhl.’l‘ X Ah,l-‘]) — (Vhl-q X Ahl.T‘)
ifW <0
(Vhl-q X Ahl.T‘) — (Vhl.T X Ahl.q)
PF; Fundamental Power Wy
Factor VAs
CVA; Correction VArs VA (VArs) W; x [tan(cos ! (Desired PF)
—tan (cos ! (PFy)))]
Vin Voltage harmonic n Volts (V) Mag = /(Van-1? + Vin-q?)
Phase = tan™! (%)
Ann Current harmonic n Amps (A) Mag = \/(Apnr? + Apn-q°)
Phase = tan™! (—ﬁzzz)
Wi Watts harmonic n Watts (W) Mag = Vi X Apn X €08 (Apnph — Vinpn)

1 r=real partof Vorl
q = imaginary or quadrature part of V or |
V and | are complex numbers in the form r+jq
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Accuracy equations

The following table lists formulas for calculating the accuracy specification for
each measurement.

In the following equations:

® |tisassumed the waveform measured is a sine wave.
= V isthe voltage measured in volts.

®m A isthe current measured in amperes.

B Q isthe phase angle in degrees (phase of the current with reference to the

voltage).

Table 16: Measurement accuracy

Parameter Description !

Vs Accurac Vppace | Vemsac

! y ( Z;jvpk T V,-mas c) x Wf

(valid for a crest factor of 1 to 10)

A Accurac Aprace | Arms

hoouracy (P Ageeee) Aoy

(valid for a crest factor of 1 to 10)

Power — W, VA, VA, and PF

W Accuracy (Vemsace X Apms X PF) +

(Armsace X Vims X PF) +

(Vims X Apms X (cos € — cos {6 £ (Vyiprace £ Apiprace)}))
VA Accuracy (Vemsace X Apms) + (Apmsace X Vi)

VA, Accuracy - 5
\/ (VA2 — W £ Wace] ) ~ JVAT — W2

PF Accuracy W‘gfc
Fundamental Power — W;, VA;, VA, and PF;
Wi Accuracy (Vhimagace X Apinag X PFy) £

(AhlAMagaCC X Vthag X PFf) +
(Vhl.Mag X Athag X (COSG — COS {9 + (Vhlth/CC + Ahlphacc)}))

VA Accuracy (Vthagacc X Athag) —+ (Ahl‘MagaCC X VhlAMag)
VA Accuracy . . 2
\/ (va3 — (W £ Wyace)®) - \/ (vaz—wp)
PF¢ Accuracy Wyace
VA

Distortion — DF, THD, and TIF

DF Accuracy RMS.c hlaragace
e T Flarag - DF
THD Accuracy (h2Magacc h3aragace | hdaragacce )
.| xTHD
hQRIag h31y[g_g h4Mag +
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Table 16: Measurement accuracy (cont.)

Parameter Description !
TIF accuracy (thagaccxkl + h3pyagaccx ks ot h71Magaccxkn) < THD
hlatag h3aag h71afag

Impedance - Z, R, and X

Z Accuracy Vims@ce | Apmsace
Vors T e ) X4
R Accurac ViiMagace | ApimMagace
y ’;;}ffMgag + Zlh]‘fMgag + (tan 6 x (Viiprace + Apiprace) x 155) ) X R
X accuracy Viimagace | Apimagoce Viippacet Apyppace 7
Viiwas | Amiates tan® X 155) ) XX

1 “acc” represents accuracy in the equations.

Sum equations

The following tables list different equations that can be used for summing voltage
and current values; the voltage methods are unrelated to the current methods.
The equations depend on the wiring configurations. In some cases there are two
methods of using the sum voltage and sum current formulas: Method 1 or Method
2, as shown in the following tables. Use the method that meets your needs.

Table 17: One phase, three wire sum equations

Z Vims = chlVipys + ch2Vip,

o yowA Method 1
ZAT”’TLS - Z‘/}ms
ST Apms = w Method 2
W = chlW + ch2W
S VA, = \/(Z VA,ﬂf)2 + (\/chlVAg — chlVAff + \/chQVAg — chQVAﬁf)
VA= (W) (DAL
_ W
2L PF = Sva
Ve = chlV; + ch2V,
f f !
chlA¢ X chlVi+ ch2A ;X ch2V, Method 1
A, — s ¥ f ¥
Z f va
_ chlAs+ch2A Method 2
Z Af — L 2 L

S Wy = chlW; + ch2W;
ZVArf = ChlVA,nf + ChQVATf

SVA; = /(S W)+ (VA

> PFy = %Zi
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Table 17: One phase, three wire sum equations (cont.)

Z Vdc = Chlvvdc + ChQVdc

Z 4d o chlAg.Xx ch1V§:+ ch2A4.% ch2Vy,,. Method 1
Age =
Vi
Y Ay = Pl chlee Method 2
Z Vrmn - ChlVrmn + Ch2v;"mn
Z A ~ chlApmn X chlVipmpn+ ch2Aymn X ch2Vimp Method 1
T, T Z VTT’I’”
Z <4rmn — chlA,ymn—;chZArmn Method 2
Z chmn = Chlmfmn + Ch2‘/cmn
Z A _ chlAcmn X chlVempn+ ch2Acmn X ch2Vemn Method 1
cmn Z Vo
S Aeyy = PAemnt B2 Acmn Method 2

SNWHr = chlWHr + ch2WHr

_ chlAHr4 ch2AHr
S AHy = A+ ch2Aly

ST VA.Hy = ch1VA,H; + ch2VA, H;

2
STVA Hr = \/(Z VA, Hf)? + <\/ch1VATHr2 — ch1VA,H? + \/ch2VArHr2 -~ ch2VATHJ%)

S VAHr = \/(Z WHr)? + (3 VA, Hr)?
S Wy = chlWey + ch2W,,

Table 18: Three phase, three wire sum equations

S Vi = Drmet h2Veme Method 1
2oV nseva h1Vrmat ch2Vims Method 2

VA Method 1
Y Ay = SAmma M2 Aeme Method 2

SW = chlW + ch2W
2
SVA,- = \/(Z VAn) + \/g (\/chlVA% — ch1VAZ + \/chQVA% - chQVAff)

TVA = (T W)+ (D4,

_ 1w
2P S

_ chlVi4 ch2V; Method 1
Vi = — =
SV = etk Method 2
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Table 18: Three phase, three wire sum equations (cont.)

- chlAyx chlVi+4 ch2Ay xch2Vy Method 1
z Af o \/BTZ Ve
Z A.f — (:hlAf:ﬂ;(:h’lAf Method 2
S Wy = chlWy + ch2W;
ZVArf = ChlVArf + ChQVArf
SVA; = /(W) + (3 VA )
DI,
Y PFy = S
S Vg = PVt chlae Method 1
3 Vye = /3 PVaet chVae Method 2
chlAg.-XchlVgi.4 ch2A . xch2Vy, Method 1
Z A-dc = s
\/3_2 Vie
Z Adc _ ChlAdc;chQAdc Method 2
Z ‘/rmn _ chlVran’zrchQVM,m Method 1
S Vimn = V3 —C“Vrmn; ch2Vrmn Method 2
 chlApmn X chlVimn+ ch2Armn X ch2Vimmn Method 1
Z Armn
V3> Vemn
EA'r'mn — chlArmn—&;chQArmn Method 2
Z Ve = M Method 1
Z V:Hnn — ﬁw Method 2
chlAcmn X ¢hlVepmun+ ch2Acpmn X ch2Vepmp Method 1
Z Acmn =
V3 Vemn
ZACTILH — ChlAmnntChQAmnn MethOd 2
Y WHr = chlWHr + ch2WHr
Z AHr = chlAHr+ch2AHr
— 2
STVA,Hj = chlVA,Hj + ch2VA, H;
2
S VA Hr = \/ (O VA Hp)? + \/g (\/chlVArHTQ — ch1VA, H? + \/ch2VA,,Hr2 _ chQVATH;%)
S VAHr = /(X WHr)? + (T VA, Hr)®
S Way = chlWy,, + ch2W,,
> WHr
Z PF(w - Z VAHr
Table 19: Three phase, four wire sum equations
TV, _ MVemst ‘3’7'2\‘//:ms+ ch3Vims Method 1
rms 3
Z Vr’ms _ chlVems+ cthS/rms-‘r ch3Vyms MethOd 2
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Table 19: Three phase, four wire sum equations (cont.)

> Method 1
L Ams = N
Z A4rrms — chlApms+ cthgy.msqL ch3A,ms Method 2

> W = chlW + ch2W + ch3W

2
S VA, = \/ (" VA, )? + (\/chWAg — ch1VAZ; + \/chQVAg — ch2VAZ, + \/chsmg — ch3VAZ, )

YA = (oW + (01,

Sw
PF = =—
b3 > VA
 ch1Vp+ ch2Vy+ ch3V; Method 1
Z Vf - /3
_ chlVi+4 ch2Vy+ ch3V; Method 2
Z Vf — 3
Z A, = chlAf X chlVe4 ch2A; Xch2Vi4 ch3Af X ch3Vy Method 1
f = \/gz Vi
_ chlAp+ch2A;+ch3A; Method 2
Z Af — 3

S Wy = chlW; + ch2W; + ch3W;
Z VArf = Ch]_VA.rf + Ch?VArf + Ch3VArf

S VA = (S W) + (D VA,)°

S PF S wy
= N vAs
chlVg.+ ch2Vy.+ ch3Vyi. Method 1
Z Vdc = NE
_ chlVge+ ch2Vae+ ch3Vye Method 2
Z Vdc — 3
Z A, — chlAge X ch1Vge+ ch2Ag. X ch2Vy.+ ch3A4. X ch3Vy, Method 1
de = V3 Vae
4, — chlAact ch2Ag.t ch3Ag, Method 2
> Ag = =
ch1Vemn+ ch2Vimn+ ch3Voma Method 1
Z V;“mn - N/g
% _ chlVimn+ ch2Vimnt ch3Vima Method 2
Z rmn 3
Z 4 _ chlApmn X chlVimn ch24,mn X ch2Vimn+ ch3Armn X ch3Vemn Method 1
rmn \/3_ Z Vimn
A _ ehlArpnt ch2Apmn+ ch3Armn Method 2
Z Armn — 3
ch1Vemn+ ch2Vemn+ ch3Vemn Method 1
Z ‘/cmn - V3
_ ch1Vemn+ ch2Vemn+ ch3Vemn Method 2
Z ‘/cmn - 3
34 _ chlAgmn ¥ chlVemn+ ch2Acmn Xch2Vemn + ch3Acmn X ch3Vemn Method 1
cmn T \/3—2 chn
4 _ chlAgmn+ ch2Acmn+ ch3Acmn Method 2
Z “Ademn — 3

SN WHr = chlWHr + ch2WHr + ch3WHr

_ chlAHr+ ch2AHr+ ch3AHr
S AHr = 3
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Table 19: Three phase, four wire sum equations (cont.)

S VA.Hj = ch1VA,Hy + ch2VA,H; + ch3VA, H;

2
S VA, Hr = \/(z VAH;)? + (\/ ch1VA,Hr? —chIVAH} + \/ ch2VA,Hr? — ch2VA,H? + \/ ch3VA,Hr2— ch3VAerQ>

S VAHr = /(X WH?)? + (X VA, Hr)*

Z W,”] = Chl[l’va,u + ChQVVm; + Ch3W(“,

B S wHr
ZPF(W o ZVAH’I’

Communication ports

The PA3000 is fitted with RS-232, Ethernet, and USB as standard. GPIB is
available as an option. A USB host port is located on the front panel; other
communication ports are located on the rear panel.

Front panel USB host port = Single port on the front panel
®  USB 2.0 compatible
= 250 mA, +5V supply

Table 20: USB connector pin descriptions

Pin Description
1 5V

2 Data (D-)

3 Data (D+)

4 Ground

USB Flash Drive Requirements:

m  The USB flash drive must be formatted with FAT12, FAT16 or FAT32 file
systems.

®  Sector size must be 512 bytes. Cluster size up to 32 kB.

= Only Bulk Only Mass Storage (BOMS) devices which support the SCSI or
AT command sets are supported. For more information on BOMS devices
refer to Universal Serial Bus Mass Storage Class— Bulk Only Transport Rev.
1.0, published by the USB Implementers Forum.
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Rear panel communication ~ The following figure and table describe the communication ports located on the

ports  rear panel of the power analyzer.

e e
I i
I HLPOT! |
SERIAL 1 Iy
| EARTH (i CALBRATION |
NUMBER ] | i I\SPECTIOG\ |
| e T U __._.'_____.
ktronix ﬂ
@ X @ EEE 468

Figure 61: Power analyzer communication ports on the rear panel

Table 21: Communication ports on the rear panel

Item Description

1 USB peripheral. Connects the power analyzer to a host PC.
USB host port (Unused)

Ethernet port

GPIB port (Optional)

Aucxiliary port

RS-232 port

Host/Client port (Unused)

~Njojlo|lb|lwN

USB peripheral port.
= USB 2.0 compatible
®  Full Speed (12 Mbits/s)

Ethernet port.
= |EEE 802.3 compatible, 10Base-T
®  Connector: RJ-45 with Link and Activity indicators
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= TCP/IP connection on port 5025
®  DST connection on port 5030

Table 22: Ethernet pin descriptions

Pin Signal name
Data (Tx+)
Data (Tx-)
Data (Rx+)

Ground

Ground
Data (Rx-)
Ground

oI Nl IN|FE

Ground

IEEE 488 | GPIB (Optional). The IEEE 488 port is compatible with normal GPIB
cables that will work with the PA3000.

Table 23: GPIB port pin configuration descriptions

Pin Signal name Pin Signal name

1 Data 1 13 Data 5

2 Data 2 14 Data 6

3 Data 3 15 Data 7

4 Data 4 16 Data 8

5 End or Identify (EOI) 17 Remote Enable (REN)

6 Data Valid (DAV) 18 Ground

7 Not Ready For Data 19 Ground
(NRFD)

8 Not Data Accepted 20 Ground
(NDAC)

9 Interface Clear (IFC) 21 Ground

10 Service Request 22 Ground
(SRQ)

11 Attention (ATN) 23 Ground

12 Shield Ground 24 Ground
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Auxiliary inputs/outputs.

The PA3000 is fitted with a number of auxiliary inputs and outputs. They are:

® 4 analog inputs

® 2 counter inputs

® 4 digita outputs

The pin connections on the auxiliary connect are:

Table 24: Auxiliary input-output pin descriptions

Pin

Signal name

Pin

Signal name

Analog Input 1

7

Digital Output 3

Analog Input 2

8

Digital Output 4

Analog Input 3

9

Counter Input 1

Analog Input 4

10

Counter Input 2

Digital Output 1

1
2
3
4
5
6

Digital Output 2

Pins 11 through 22 are connected to ground. Pins 23 through 25 have no
connection.

Serial port.

9-pin male D-type connector on rear of instrument

RS-232 interface for connection to a PC for remote control with a straight

through cable

Available baud rates 9600, 19200, and 38400 (default)

8 data bits, no parity, one stop bit, hardware flow control

Table 25: RS-232 connector pin descriptions

Pin 110 Signal name Pin 110 Signal name
1 No connection 6 No connection
2 Out TXD 7 In RTS

3 In RXD 8 Out CTS

4 No connection 9 No connection
5 Ground

PA3000 Power Analyzer User Manual
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accuracy equations, 141
‘ANA, 88

analog inputs, 53

analog inputs command, 88
application examples, 103

efficiency measurements, 104

autozero, 60

autozero command, 93
auxiliary inputs/outputs, 149
averaging, 59

averaging command, 92
‘AVG, 92

B

balast mode, 42

ballast mode command, 79
bandwidth command, 87
Bar chart screen, 15
basic installation, 1

baud rate, 54

:BDW, 87

blanking, 59

blanking command, 92
‘BLK, 92

.bmp file, 24

built-in current shunts, 29

C

:CAL:DATE?, 70
calibration date command, 70
card type command, 70
:CFG:USER, 95

channel and group commands, 69

JINST:NSEL, 69
JINST:NSEL?, 69
JINST:NSELC, 69
JINST:NSELC?, 69
channel settings, 4
*CLS, 67
:COM:ETH, 89
:COM:ETH:MAC, 90
:COM:ETH:STAT, 89
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:COM:IEE, 89
:COM:RS2, 89
command listing, 66
command syntax, 66
commands
sending and receiving, 96
communications ports, 146
Ethernet port, 147
|EEE 488/GPIB, 148
seria port, 149
USB host, 146
USB peripheral, 147
configuring measurements, 38
connecting signals, 28
connection sequence, 2
connections
current transformer, 30
resistive shunt, 31
to the product under test, 4
transducer with voltage
input, 33
voltage transformer, 34
controls and connectors
front panel, 11
current scaling, 30
current shunts, 29
current transformer
connections, 30
current scaling, 30

D

data format, 26

data storage, 26

:DATA:USB, 90

datalog, 56

datalog commands, 90
:DATA:USB, 90
‘MATH?, 92
:MATH:FUNC, 91
:MATH:FUNC:EN, 91

dead socket connection, 55

:DISP.DATA?, 91

display data command, 91

display phase angle command, 76

distortion factor, 39

distortion factor setup
command, 75

distortion setup, 39

:DSE, 68

:DSE?, 68

:DSR?, 68

DST, 55

:DVC, 68

E
entering alphabetical
characters, 25
equations
accuracy, 141
*ESE, 67
*ESE?, 67
*ESR?, 67
Ethernet configuration, 54
dead socket connection, 55
Ethernet MAC address
command, 90
Ethernet port, 147
examples
choosing measurements to
display, 8
harmonics, 98
returning results
repeatedly, 97
selecting and returning
results, 97
using a group of channels, 98
external current inputs, 29
external transducers, 35

F

features and abilities, xvii
firmware version, 21

:FRD?, 74

frequency settings command, 85
Frequency Source menu, 51
‘FRF?, 73
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front panel
alphabetical keys, 24
Bar chart screen, 15
controls and connectors, 11
formulakeys, 25
Help key, 24
Integrator screen, 17
Math screen, 20
Menu key, 24
number keys, 25
operation, 11
operational keys, 24
quick view keys, 12
Results screen, 13
Setup screens, 21
soft keys, 23
USB port, 22
Vector screen, 19
Waveform screen, 14

:FSR, 85

G

getting started, 1

global
settings, 3

GPIB, 54

GPIB commands, 67

GPIB configuration command, 89

graph and waveform
commands, 88

graphs, 53

graphs and waveforms, 53
integrator parameters, 53
waveforms, 53

group
definition, 3
settings, 3

group name command, 83

H

hard keys
left and right, 7
harmonics configuration
command, 74
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harmonics setup, 39

help key, 9
HMX:VLT/AMP, 74
HMX:VLT/AMP:.DF, 75
HMX:VLT/AMP:PHA, 76
HMX:VLT?AMP:THD, 76
HMX:VLT/AMP:TIF, 77

|
*IDN?, 67
IEEE 488/ GPIB port, 148
|EEE 488.2

standard commands, 67

status commands, 67
input setup commands, 83

:ANA, 88

:BDW, 87

‘FSR, 85

:NAME, 83

‘RNG, 84

:SCL, 87

:SHU, 85

‘WRG, 83
inputs, 47

analog inputs, 53

bandwidth, 52

current, 29

external current, 29

fixed/auto ranging, 50

frequency source, 51

ranges, 50

ranging, 50

scale, 52

shunts, 51

voltage, 29

wiring, 47
JINST:NSEL, 69
JINST:NSEL?, 69
JINST:NSELC, 69
JINST:NSELC?, 69
Integrator Graph menu, 53
integrator mode, 43

configuring, 44
integrator mode command, 80

Integrator screen, 17
interface commands, 89
:COM:ETH, 89

:COM:ETH:MAC, 90
:COM:ETH:STAT, 89

:COM:IEE, 89
:COM:RS2, 89
‘WAV, 88
interfaces, 54
Ethernet configuration, 54
GPIB address, 54
RS-232 baud rate, 54
internal clock, 60

L

left and right hard keys, 7
Line-to-Line measurements, 49
Line-to-Neutral
measurements, 49
logging data, 26
logging data to a memory
device, 26
logging interval
configuring, 56

M

math commands, 91

math function enable
command, 91

math function information
command, 91

math results, 56

Math screen, 20

:MATH?, 92

:MATH:FUNC, 91

:MATH:FUNC:EN, 91

‘MAX, 78

maximum column command, 78

maximum hold columns, 41

measured parameters, 139
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measurement configuration
commands, 74
HMX:VLT/AMP, 74
HMX:VLT/AMP:DF, 75
HMX:VLT/AMP:PHA, 76
HMX:VLT?AMP:THD, 76
HMX:VLT/AMP:TIF, 77
‘MAX, 78
:MIN, 77
:SUM, 78

Measurement Configuration
menu, 38

measurement reading
commands, 70

measurement selection and
reading commands
:FRD?, 74
:FRF?, 73
:MOVE, 73
SEL, 71

measurement selection
commands, 70

measurements
configuration, 38
distortion set up, 39
harmonics setup, 39
maximum hold columns, 41
minimum hold columns, 41
sum current formulas, 42
sum results column, 41
sum voltage formulas, 42

M easurements menu, 36

menu system
measurements, 36

‘MIN, 77

minimum column command, 77

minimum hold columns, 41

:MOD, 79

:MOD:BAL, 79

:MOD:INT, 80

:MOD:PWM, 82

:MOD:SBY, 80

mode command, 79
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mode setup commands, 79, 80
:MOD, 79
:MOD:BAL, 79
:MOD:PWM, 82
:MOD:SBY, 80

modes, 42
ballast, 42
integrator, 43
normal, 42
PWM motor, 46
standby power, 43

‘MOVE, 73

move results command, 73

N

:NAME, 83

navigating the menu system, 8
navigating the Results screen, 7
normal mode, 42

0]

on-screen help, 9

P

power for external transducers, 35
power on, 2

power usage command, 95

PWM motor mode, 46

PWM motor mode command, 82

Q

quick view keys, 12

R

ranging command, 84
read active group command, 69
read foreground data

command, 74
read sel ected resultscommand, 73
rear panel

inputs, 28

Index

remote operation
interfacing with Ethernet
systems, 62
interfacing with GPIB
systems, 63
interfacing with
RS-232 systems, 62
interfacing with USB
systems, 62
overview, 62
resistive shunt
connections, 31
Results screen, 6, 13
return active channel
command, 69
return Ethernet configuration
command, 89
return math results command, 92
‘RNG, 84
RS-232 configuration
command, 89
*RST, 68

S

scaling command, 87
:SCL, 87
screen capture, 24
screen save commands
:DISP.DATA?, 91
SEL, 71
select active channel
command, 69
select results command, 71
serial number, 21
seria port, 149
set active group command, 69
Setup screens, 21
shift key, 25
:SHU, 85
shunt selection command, 85
shunts
inputs, 51
soft keys, 23
software
PA3000 download
software, 101
updating firmware, 101
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I ndex

standby mode command, 80
standby power mode, 43
starting integration, 45
Static Ethernet configuration
command, 89
status reporting, 63
display data status enable
register, 64
display datastatusregister, 64
standard event status enable
register, 65
standard event status
register, 65
status byte, 63
status byte register, 64
*STB?, 68
stopping integration, 45
:SUM, 78
sum current formulas, 42
sum equations
one phase, three wire, 142
three phase, four wire, 144
three phase, three wire, 143
sum results column, 41
sum results command, 78
sum voltage formulas, 42
:SYST.CTYPE?, 70
:SYST.DATE, 94
:SYST:POWER, 95
:SYST:TIME, 94
:SYST:ZERO, 93
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system configuration
analyzer configuration, 61
autozero, 60
averaging, 59
blanking, 59
clock, 60
power saving, 60
update rate, 60
system configuration
commands, 92
AVG, 92
‘BLK, 92
:SYST.DATE, 94
:SYST:POWER, 95
:SYST:TIME, 94
:SYST:ZERO, 93
:UPDATE, 93
system date command, 94
system time command, 94

T

telephone influence factor, 40

telephone influence factor setup
command, 77

THD, 40

TIF, 40

total harmonic distortion, 40

total harmonic distortion setup
command, 76

transducer
connections, 33

U

unit information commands, 70
:CAL:DATE?, 70
:SYST:CTYPE?, 70

:UPDATE, 93

update rate, 60

update rate command, 93

USB datalogging command, 90

USB Flash Drive
Requirements, 146

USB host port, 146

USB periphera port, 147

USB port, 22

User Configuration
default configuration, 61
load from USB, 61
preset configuration, 61
save to USB, 61

user configuration commands, 95
:CFG:USER, 95

User Configuration menu, 61

user configurations command, 95

vV

Vector screen, 19
voltage scaling, 34
voltage transducer
connections, 34
voltage scaling, 34
voltage transformer
voltage scaling, 34

w

‘WAV, 88

Waveform screen, 14

waveforms, 53

wiring configuration
command, 83

wiring configurations, 47

‘WRG, 83
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