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Tel/tronix:

3-Phase Inverter Motor Drive Analysis
5 Series/6 Series B MSO Option 5-IMDA/6-IMDA Application Datasheet

Get more visibility into your inverters, motors, and drive systems
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Measurements and analysis on three-phase power systems are
inherently more complex than on single-phase systems. Although
oscilloscopes can capture voltage and current waveforms with high
sample rates, further calculations are required to produce key power
measurements from the data. The oscilloscope based three-phase
solution allows to capture three-phase voltage and current waveforms
with higher sample rates, longer record lengths using the HiRes
acquisition mode that goes up to 16-bits and with the support of
automated measurements produce key power test results. The Power
converters based on Pulse Width Modulation (PWM), such as variable-
frequency motor drives can complicate measurements since it is very
important to extract precise zero crossings for the PWM signals, thus
making an oscilloscope a recommended test tool for validation and
troubleshooting for motor designers. Special software, designed to
automate power analysis on inverters, motors, and drives, greatly
simplifies important three-phase power measurements on PWM
systems and can help engineers get faster insights into their designs.
The Inverter Motor Drive Analysis (IMDA) solution from Tektronix helps
engineers design better and more efficient three-phase motor drive
systems, taking full advantage of the advanced user interface, six or
eight analog input channels, and ‘High Res’ mode (16 bits) on the 5
Series/6 Series B MSO. The IMDA solution provides fast, accurate, and
repeatable results for electrical measurements on industrial motors and
drive systems for AC induction motors, permanent magnet synchronous
motors (PMSM), and brushless DC (BLDC) motors. It can be configured
to measure DC to three-phase AC converters, such as those used in
the electric vehicles.

Key features and specifications

* Accurately analyze three-phase PWM signals used to drive AC
induction, BLDC, and PMSM motors.

+ Unique oscilloscope based phasor diagrams indicate Vgus, lrus,
Vuaa: Imac, and phase relationships at a glance for the configured
wiring pairs.

+  Debug motor drive designs by viewing the drive input/output voltage
and current signals in the time domain simultaneously with the
phasor diagram.

+ Three-phase Autoset feature configures the oscilloscope for optimal
horizontal, vertical, trigger, and acquisition parameters for acquiring
three-phase signals.

+ Measures three-phase harmonics per the IEC-61000-3-2,
IEEE-519, or custom limits.

+ Measures drive system efficiency using the 2V2I (two wattmeter)
method.

+  Quickly add and configure measurements through the intuitive drag
and drop interface on the 5 Series/6 Series B MSO.

+ Analyze Inverter and Automotive three-phase designs for DC-AC
topology.

+  Supports 1-Phase-2-Wire (1V1l) and 1-Phase-3-Wire (2V2) under
the AC-AC Industrial configuration.

+ Displays the PWM filtered edge qualifier waveform during analysis.
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+ Displays the test results per Record, or per Cycle mode during
analysis for specific measurements.

+  Supports Time trend and Acquisition trend plots for specific
measurements.

+  Supports mathematical conversion of Line-Line to Line-Neutral for
specific wiring.

+ Supports DQO measurements with the phasor plot.

Measurement overview

Three-phase power converters such as variable frequency drives
require a range of measurements during the design process. The
Inverters, Motors, and Drives Analysis package for the 5 Series/6
Series B MSO automates key electrical measurements which are
grouped into four categories:

+ Input analysis

¢+ Output analysis

* Ripple analysis

¢ Direct Quadrature Zero (DQO) analysis

Each of these sections include key measurements which are critical to
a motor design.

Input analysis

Input analysis includes the basic measurements used in most power
equipment designs. The IMDA solution automatically measures the
current, voltage, and power values for different wiring configurations.
The measurements can be set to measure 1V11 (1-Phase-2-Wire), 2V2I
(1-Phase-3-Wire), 2V2I (3-Phase-3-Wire), 2V2I (DC In-AC Out), 3V3I
(DC In-AC Out) or 3V3I (3-Phase-3-Wire), and 3P4W (3-Phase-4-Wire)
to support various supply and motor configurations. Measurements can
be performed line-to-line or line-to-neutral, to support delta or wye or
star configurations.

www.tek.com 1
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Figure 1: Input analysis wiring configuration

Harmonics

Power waveforms are rarely textbook sinusoids. Harmonics
measurements break down non-sinusoidal voltage or current
waveforms into their sinusoidal components, indicating the frequency IEC 61000-3-2

and amplitude for each component. =
IEEE 512-2014

Harmonics analysis can be performed up to 200" harmonic order. The

maximum harmonic order can be set to suit your needs by specifying

the range in the measurement configuration. THD-F, THD-R and REFERENCE LEVELS >
fundamental values are measured for each phase. Measurements can

be evaluated against the IEEE-519 or IEC 61000-3-2 standard, or B >

custom limits. Test results can be recorded in a detailed report

i : Figure 2: Compare harmonics measurements against industry standards or custom limits
indicating passi/fail status.

Plot 3 - IEC ClassA (Meas 3)
T

H‘ H ‘H m H‘ W |‘| ’ ‘H W ‘II | |I‘ “| | ||| H

Figure 3: A sample harmonics plot indicates passing harmonics test results. Each set of
bars contains results for Phase A, B, and C for easy correlation.

The Harmonics plot shows the test results for all three phases grouped
together so user can correlate the test results between the phases. The
plot also shows the test results visually. The harmonics bars are
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highlighted in green color during a pass condition, and highlight to red
color when it exceeds the test limits. This gives a quick insight to the
user when debugging for harmonics design.

Power quality

This group provides critical three-phase power measurements
including: frequency and RMS magnitudes of voltage and current, crest
factors of voltage and current, PWM frequency, and phase angle for
each phase. It also displays the sum of true power, sum of reactive
power, sum of apparent power components.

Additionally, in the Line-Neutral configuration, this measurement
displays True Power, Reactive Power, and Apparent Power
components of all the three-phases.

Voltage and current vectors can be displayed on a phasor diagram so
you can quickly judge phase shift for each phase and the balance
among phases. Each vector is represented by an RMS value and
phase is computed using the DFT method.

IMDA MEAS 1

Add New.

T LTy Cursors Callout

CONFIGURE
Measure| | Search

IMDA Mea

Vabila  Vbclb  Veailc
LN LN LN
G 22 G
VamslV ) 5959  6.041 5751
Vaaaa (V) 3381 3355 333
Tonas(A 684.2m 767.4m 7464 m
haac(AX 5489 m 6804m 6324m
v CF 7294 7.085  7.447
ICF 3182 3180 3.393
TPwrA): 1346 1615 1.271
RePwriVAR) -3.848 -4.346  -4.009
ApPwr(VAX 4077 4637 4.292
PF 9489m 9554m 8782m
Phase: -1840° -17.17° -28.58°
Freq; 140.9 Hz
A = TrPwr 4.232W
Bl > RePur: -12.29 VAR
3 ApPwr. 13.01 VA

REFERENCE LEVELS

GATING >

Figure 4: Easily configure the settings to get insight into the power quality

Output analysis

This group of measurements can help calculate the overall performance
of the motor drive system.

Efficiency

Efficiency measures the ratio of the output power to input power. The
IMDA solution supports efficiency of three-phase AC and Inverter
configurations. By using the 22| method, three-phase efficiency can
be measured using eight oscilloscope channels (2 voltage and 2 current
sources on the input side and 2 voltage and 2 current sources on the
output side). The solution calculates efficiency at each phase (for 3V3I
configuration) and the total (average) efficiency of the system.
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IMDA MEAS 1
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CONFIGURE

IMDA Mea
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D
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Figure 5: Configure wiring and filters to perform efficiency measurements for an Industrial
motor
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Figure 6: Configure wiring and filters to perform efficiency measurements for a DC-AC
topology most suitable for inverter testing
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Applications  Utility  Help
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1M i 1Mk
aff_chaw._] eff chiw {_chbw...] off_chew

Figure 7: Get complete insight into the overall system efficiency

Phasor diagram

This Phasor Diagram measurement provides critical three-phase power
measurements on the output side, including: frequency and RMS
magnitudes of voltage and current, crest factors of voltage and current,
PWM frequency, true power, reactive power, apparent power, power
factor, and phase angle for each phase.
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Add New.
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Horizontal Trigger Acguisition
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IMDA MEAS 1
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Z TrPwr. 4.236W

Bl = RePur: -12.27 VAR

B = Appur 12.98 VA
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GATING b

Figure 8: Easily configure the voltage and current inputs to display phasor diagrams
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Figure 9: Unique oscilloscope based phasor diagram feature provides the relation between the voltage and current vectors

Ripple analysis IH0A MRS 2 e

Ripple is defined as the residual or unwanted AC voltage on a constant CONFIGURE

DC component. It is typically measured on the DC bus. This

measurement helps to understand how efficiently the signal is getting

converted from AC-DC on the input side, and the impact of unwanted L %m
components on the PWM signal on the output side. DA

Aline ripple measurement gives the RMS value at the configured line
frequency, and peak to peak of the time domain waveform for the L
configured phases and a Switching Ripple Measures RMS at the -
configured switching frequency, and peak to peak of the time domain

@ @ [ ]
RMS: 3683 pA 4B6EPA 4335 pA
Pk-Pk:  4.688A 5.109A 5SO45A

Chs

waveform for the configured phases.

CEEE @ BT

GATING

Figure 10: Ripple analysis configuration can be set to look into line and switching ripple
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File  Edit  Applications  Utility  Help

Waveform View
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Figure 11: Line Ripple measurement being carried out on the DC-input signals when testing an Inverter

DQO analysis

Optimizing the drive system translates directly into improvements in
system efficiency. An important challenge is to tune the drive system
control logic optimally based on the three-phase AC signals. Analyzing
the system in the AC domain is inherently difficult, hence a conversion
from AC to DC domain makes it easier to look into the parameters, and
measure them. The direct-quadrature-zero (DQZ or DQO)
transformation is a tensor that rotates the reference frame of a three-
element vector, or a three-by-three element matrix to simplify this
analysis. The transform is used to rotate the reference frames of three-
phase AC waveforms such that they become DC signals. Simplified
calculations are carried out on these DC quantities before performing
an inverse transform (Inverse DQO) to recover the actual three-phase
AC results.

The most common approach to computing a DQO transform involves
FPGA programming and complex computations. In addition to

performing the transform calculations, probing the feedback signals can
be very challenging. Tektronix offers a patented on-scope measurement

called DQO (Direct Quadrature Zero) under the DQO analysis
measurement category as an added option. This measurement is
supported in the 3V3I configuration, takes the three-phase voltage or
current signals from the motor as inputs and converts into D-Q-0

coefficients acting as a powerful debugging tool for the motor designers

to tune their PWM controller circuit designs.
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IMDA Meas 1

Ripple'
aN

RIMS:

@
RMS:  6.028 pA
Pk-Pk: 16,00 mA.

Horizontal Acquisition
20 psidiv 200 s Auto, Analyze
SRU6.25GS/s 160 pspt Sarmple: & bits

RL: 1.25Mpts ¥ 50% 0 Acgs

This offers unique advantages. First, probing needs are simplified as
the same configuration is used for DQO computation as Input or Output
analysis, and second, the DQO values are reported on the scope, both
using scalar values on the measurement badge, and as vectors on the
phasor diagram for easy correlation between the two plots.

The DQO feature is available as an option 5-IMDA-DQ0/6-IMDA-DQO
on the 5/6 Series MSO.
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ADD MEASUREMENTS

Standard | Jicter | Power

ACAC (Industrial) = 3 Phase-3 Wire (3V3l) +

N
INPUT ANALYSIS >
RIPPLE ANALYSIS >
OUTPUT ANALYSIS >
DQO ANALYSIS

Figure 12: DQO measurement is available under the DQO analysis group in the IMDA
analysis software.
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File  Edit  Applications  Utility  Help

Plot 4 - Phasor Diagram (Meas 3) Plot 3 - Phasor Diagram (Meas 2)
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Waveform View

1343V 570V 1962 miv,
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6508V -9294mV 1861 myv

Q z
5464 mA BEB.BmMA 5.967 mA
4189A 36724 2448 mA
218.1 mA -621.1mA 5359 mA
445 A

Horizonta Acquisition
100 ms/div Manual,  Analyze
SR: 1 M High Res: 16 bits

RL: 1 Mpts 0 Acqs

Preview

Figure 13: DQO measurements running on the 5 Series MSO. They are represented on the phasor diagram as VQ (green), VD(orange), and VZ (white) vectors and their scalar values are

available in the results badge on the right.

Dynamic measurements using trend analysis

A common requirement in motor drive analysis is an ability to look at
the motor response over longer test times, records, and an extended
number of acquisitions to monitor the DUT behavior over varying load
conditions. This dynamic measurement helps to understand optimal
designs and interdependency between different parameters like
voltage, current, power, frequency, and their variance based on the load
conditions. The user can manually zoom and get the specific region of
interest to look at test results at the particular region of the waveform.

IMDA solution offers two unique trend plots on the power quality
measurement to support such requirements:

+ Time trend plot
+ Acq trend plot

Each plot has its advantages and can be used to plot the supported
sub-measurements under power quality measurement. The time trend
plot shows the measured value per cycle, or for an acquired waveform
(a record), while the acq trend plot shows a mean of the measured
value per record, over each of the acquisitions. The acquisition count
can be set by the user during the test configuration. This allows users to
capture long records of data to perform deep record analysis and
understand the dynamic behaviors of the motor response. The plots
can be saved as a CSV file for post-processing.
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File  Edit  Applications  Utility  Help IMDA MEAS 1 (©)

Plot 1 - Phasor Diagram (Meas 1) X ¢ i
Voltage Current i POWER QUALITY
@ \!
Ib: 812.23mA, £-171.2 \/ IMDA Autaset

@
belb  Veaile

Ra
VsV 1523 15.14 14.89
Viag(V): 14.59 14.44 14.59
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6361 m 8122m 7687 m
2,854 2,839 2.920
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-54.27° -51.23° -63.34°
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1390w
-36.74 VAR

H CONFIGURE

REFERENCE LEVELS

[l GATING

4 frs

Trend 2 Horizontal g quisitio —
910 maddiv | 12 Vidiv 910 mA/div | S _ . ) RN 4 s Auto, Analyze
1M/ 1M/ 1 MS/s 2013 | 4 S8 78 " RRRN sr: 31.25 s/ 32 nsipt High Res: 16 bits
pPQDemo._... | PQDemo._... | PQDemo_ RL: 1.25 Mpts _# 51.6% 0 Acgs

Figure 14: Time trends enable you to graphically analyze power measurements within one acquisition record. Acquisition trends can plot power measurements over many acquisitions for
longer-term testing.
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Edit  Applications  Utility  Help Tektronix

Plot 7 - Acq Trend (Meas 1, ¥ Apparent Power) X || Plot 5 - Acq Trend (Meas 1, > True Power) X || Plot 3 - Acq Trend (Meas 1, Vrms) X || Plot 1 - Phasor Diagram (Meas 1) Add New...
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PF- 5728m 6623m 702.7m
Phase: 55.05° 48.53° 45.36°
Freq 252.2Hz
3 TrPwr: 17.89 W
40 Bl = RePwr: 20,42 VAR

Plot 6 - Acq Trend (Meas 1, Phase Difference) Plot 4 - Acq Trend (Meas 1, 3 Reactive Power) Plot 2 - Acq Trend (Meas 1, Irms) Wavefor... F@H + el 2010V
L B B e e I L [
» £

[ 6 Mat Horizontal r Acquisition
12 Vfdiv 10 Addiv 10 Addle 12 Vidiv 96 ms/div 960 ms Manual,  Analyze
mMe v five v ey five v / SR 100KS/s  10ps/t High Res: 16 bits
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Figure 15: This example shows acquisition trend plots of mean power measurements for 100 acquisitions, including - Vrms, Irms, phase difference, sum of true power, apparent power,
and reactive power.
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676.0m 7561 m 7362m
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7.308 W

-2114 VAR
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TREND 2

C8 I

ZTrue Power
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Power

Phase 1(Vab, la) » Vrms v
Save Plot

Trend 1 o Acquisition T

2184415 - > _ d A sidiv Manual,  Analyze
v e " . h bi u
R IR n Ret | s A S
Figure 16: Add and configure the Time Trend plot on different sub-measurements of Power Quality measurement. The image shows two time-tend plots monitoring Vrms and Frequency
parameters.

Report generation

The IMDA software simplifies data collection, archiving, documentation
of your design, and development process. It supports the report
generation in MHT or PDF formats with pass/fail results for easy
analysis.
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Measurement Report Tektronix

Monday February 3 2020 10:54:56

Setup Configuration

Scope Details
Scope Model Number Scope Serial Number TekScope Version Scope Calibration Status
MSOs8 Q100118 1246

IMDA High Level Configuration

Wessirrment Type Wiing Connecion Clooin
Industnial 3 Phase-3 Wire (3v31) Line-to- Line False
Mame  Memwomectsrs) | et Mo PPN SdDev  Populsion' AccumMem AccumMin  Accumbax Accum PRPKASHT S8 iccum pop
MR Heas Chichz. ATV TV WEEV 00WOV 00000V 1 TSV FERV TV 0000V 0600V 1
VPower vEMS  phaser
Quatry (Vb 12)
s 3321mA 021MA 021 mA DOWOA  00000A 1 S71mA 3021mA W2 MA O0DA  O0O0A 1
Voage 176 t7@s 173 0000 00000 1 11388 135 0000 0000 1
ErentFactor
ent 300 a0s 9083 0O0MO 00000 1 a0 30ss sose 0000 00000
CrestFactor
True Pover @28W  8325W  @3258W  0OMOW  00000W 1 ©258W  325W  $3258W 000OW  00000W 1
Reactive. 41713 VAR -91 713 VAR -91.713 VAR 0.0000 VAR 0.0000 VAR 1 1713 VAR -97.713VAR 91,713 VAR 0.0000 VAR 00000 VAR 1
Apparent 1ISTVA 13G7VA 1238TVA 0O0GOVA 00000VA 1 123GTVA 12367VA 1238TVA 0O00OVA 0O000VA 1
Foner
Foner @07sm  s07sm 90sSm 00W0 00000 1 wo7sm  sorsm s0rsm 0000 000 1
Factor
— 120 410 1120 000 0000 1 10 20 11200 0000 00000 1
Degees  Degrees  Degrees  Degrees  Degrees Degrces  Degrees  Degrees  Degrees  Degrees
e 00000 00000 00000 0000 00000 1 00000 00000 0000 00000 06000 1
ase Degrees Degrees Degrees. Degrees. Degrees Degrees Degrees. Degrees Degrees Degrees.
— 120 1120 1120 0000 0000 1 2120 20 11200 0000 00000 1
Degrees. Degrees Degrees Degrees. Degrees. Degrees. Degrees Degrees Degrees Degrees

Views
Time Domain View

‘Global Configuration
‘Gating Jitter Separation Model _Dual Dirac Modiel Display Unit Type Standard Reference Levels _ Jiter Reference Levels  Lock R
None Spectralony PGIExpress Seconds Every Acqusiton First Acquisiton false

Reference Levels Configuration

RefLevels (Gh, Chz, Ch3, Ghd, Chs, Ch6
Ref Level Type. iobal

Base Top Methad Minbax

RiseHigh 0%

Risetid 0%

Riselow 10%

FallHigh 90%

FaliMid 0%

FallLow 10%

Hysteresis 10%

Figure 17: A sample IMDA test report file with summary, details, and corresponding
images

www.tek.com 13



000 "TexaHkoM"

Specifications

Wiring configuration

L-L to L-N conversion
Input analysis

Ripple analysis
DQO analysis

Output analysis

Three-phase autoset
Plots

Report
Degauss/Deskew (static)

Source support

KoHTponbHO-u3mMeputenbHble Npubopkl U o6opyaoBaHme www.tehencom.com
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1V1I (1-Phase-2Wire), 2V2I (1 Phase-3-Wire), 2V2I (3-Phase-3-Wire), 2V2I (DC In-AC Out), 3V3I (DC In-AC Out) or 3V3I
(3-Phase-3Wire), and 3P4W (3-Phase-4Wire)

Applicable for 3 Phase-3 Wire (3V3l) !

Power quality, Harmonics 2, Input voltage, Input current and Input power
Line ripple, Switching ripple (for Industrial), and Ripple (for Automotive)

DQO?

Efficiency 4, Phasor diagram

For all measurements

Time Trend plot, ACQ trend plot, Phasor diagram and harmonics bar graph °
MHT and PDF format, Data export to CSV format

Automatic detection of probes, Auto Zero. User can deskew voltage and current probes, degauss the current probe from the
menus for each channel

Live analog signals, reference waveforms, and math waveforms

Supports custom limits

For 2V2l wiring

13 e N

Applicable for 3V3I wiring only

For 3 Phase-4 Wire (3V3l) the connection is always Line to Neutral and for 3 Phase-3 Wire (2V2l), it is Line to Line.

Range filter as part of measurement configuration.

www.tek.com 14
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Models
Product Options Supported instruments Bandwidth available
New instrument order 5-IMDA 5 Series MSO (MSO56, MSO58) « 350 MHz
option « 500 MHz
Product upgrade option SUP5-IMDA + 1GHz
Floating license SUP5-IMDA-FL " 20Hz
Product Options® Supported instruments Bandwidth available
New instrument order 5-IMDA-DQO 5 Series MSO (MSO56, MSO58) « 350 MHz
option + 500 MHz
Product upgrade option SUP5-IMDA-DQO + 1GHz

¢+ 2GHz

Floating license

SUP5-IMDA-DQO-FL

Product Options Supported instruments Bandwidth available
New instrument order 6-IMDA 6 Series B MSO (MSO66B, MSO68B) « 1GHz
option + 25GHz
Product upgrade option SUP6B-IMDA ¢+ 4GHz
Floating license SUPGB-IMDA-FL * 6GHz
+ 8GHz
+ 10GHz
Product Options® Supported instruments Bandwidth available
New instrument order 6-IMDA-DQO 6 Series B MSO (MSO66B, MSO68B) ¢ 1GHz
option . 25GHz
Product upgrade option SUP6B-IMDA-DQO ¢+ 4GHz
Floating license SUP6B-IMDA-DQO-FL * 6GH:
+ 8GHz
+ 10GHz
Recommended probes
Probe model Description Quantity
TCP0030A Current Probes 3 for 3V3l wiring 7
THDP0200 or TMDP0200 High Voltage Differential Probes 3 for 33l wiring 7
@ @ﬁ) Tektronix is registered to ISO 9001 and ISO 14001 by SRI Quality System Registrar.
R Ry
Product(s) complies with IEEE Standard 488.1-1987, RS-232-C, and with Tektronix Standard Codes and
GPIB proue
IEEE-488 ormats.

6 Option DQO requires Option IMDA as a pre-requisite
7 For performing efficiency measurement, four quantities are required.

www.tek.com
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Product Area Assessed: The planning, design/development and manufacture of electronic Test and
Measurement instruments.

ASEAN / Australasia (65) 6356 3900 Austria 00800 2255 4835* Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Belgium 00800 2255 4835* Brazil +55 (11) 3759 7627 Canada 1 800 833 9200

Central East Europe and the Baltics +41 52 675 3777 Central Europe & Greece +41 52 675 3777 Denmark +45 80 88 1401

Finland +41 52 675 3777 France 00800 2255 4835* Germany 00800 2255 4835*

Hong Kong 400 820 5835 India 000 800 650 1835 Italy 00800 2255 4835*

Japan 81 (3) 6714 3086 Luxembourg +41 52 675 3777 Mexico, Central/South America & Caribbean 52 (55) 56 04 50 90
Middle East, Asia, and North Africa +41 52 675 3777 The Netherlands 00800 2255 4835* Norway 800 16098

People's Republic of China 400 820 5835 Poland +41 52 675 3777 Portugal 80 08 12370

Republic of Korea +822 6917 5084, 822 6917 5080 Russia & CIS +7 (495) 6647564 South Africa +41 52 675 3777

Spain 00800 2255 4835* Sweden 00800 2255 4835* Switzerland 00800 2255 4835*

Taiwan 886 (2) 2656 6688 United Kingdom & Ireland 00800 2255 4835* USA 1800 833 9200

* European toll-free number. If not accessible, call: +41 52 675 3777

For Further Information. Tektronix maintains a comprehensive, constantly expanding collection of application notes, technical briefs and other resources to help engineers working on the cutting edge of technology. Please visit www.tek.com.

Copyright © Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and pending. Information in this publication supersedes that in all previously published material. Specification and price change
privileges reserved. TEKTRONIX and TEK are registered trademarks of Tektronix, Inc. All other trade names referenced are the service marks, trademarks, or registered trademarks of their respective companies.

22 Sep 2020 48W-61649-2
www.tek.com

Teltronix:


HTTP://WWW.TEK.COM

	Key features and specifications
	Measurement overview
	Input analysis
	Harmonics
	Power quality
	Output analysis
	Efficiency
	Phasor diagram
	Ripple analysis
	DQ0 analysis
	Dynamic measurements using trend analysis

	Report generation
	Specifications
	

	Ordering information
	Models
	Recommended probes


