‘ GOSSEN METRAWATT

APPLICATION NOTE PQ-1505-guho-02-en
Product Group PQ: PQ Analyzers
Product MAVOWATT 230/240/270
Application Measurements at output of a frequency converter (FC)
Users Manufacturers or service personnel of FCs or FC driven

motors or of machines containing such devices (pumps,
compressors, elevators, electric-powered vehicles, ...)

1. Background/Task

Nowadays the electric motors of variable speed drives (VSD) are mostly powered by electronic frequency
converters. For most diverse reasons measurements of electrical parameters need to be performed on such
devices. Power and energy measurements at the supply input of a FC are usually not a problem for power
analyzers but most of them fail when these parameters shall be measured at the output side. When activating
the anti-aliasing filter in the MAVOWATT 2XX series Power Analyzers it is possible to get workable results also
directly at the FC driven motor.

2. Restrictions

Rotating field frequency range: 15 ... 100 Hz approx.

Switching (chopper) frequency range: 6 ... 16 kHz approx. (usual for motors < 50 kW approx.)
3. Required Equipment

- MAVOWATT 230, 240 or 270 three-phase energy and power
disturbance analyzer

with standard accessories (measurement cables with alligator clips,
power pack)

Flexible AC Current Probes

3 ea. DRANFLEX/METRAFLEX 300MXBL
or

1 ea. DRANFLEX/METRAFLEX 3003MXBL

Note:

Conventional transformer type current probes usually cannot be used
because of low accuracy at frequencies below 30 Hz.
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4. Preparation
Connecting the Measurement Inputs

Source Load
BO
AC
B 1
}A cQ
£ %
A \C

The voltage and current measurement
inputs are connected in accordance
with the 3-phase delta connection
scheme.

Note:

The instrument also calculates phase
voltage and power relative to a virtual
neutral point. If star connection is
used for the motor windings and the
neutral point is accessible, the 3-
phase wye connection scheme can
also be used.

5. Settings

‘GOSSEN METRAWATT . @ 6 .

10-14-15
2:29:48pm

Start Real Time Recorded Setup
Meonitoring Data Data Instrument

PSS

‘GOSSEN METRAWATT @ @ .

10-14-15
2:32:48pm

C SBEwiEE

MONITORING summMaRY METER summary
Honitoring Status: () FF
File Name: Volts Amps
 y— A 120.75|0.001
TriggeredEvents:n g 120-79 0-001
B 120.74| 0.001
imed Events: () D
- 3.61|0.001
Memory Available: 1 661 of 0.025 GB N
% Memory Fult: 1 6337101.0
A N
START/SETUP MONITORING - REAL TIME METERING on Setup
pe leter  Harmoni cs asor e

Tap the Setup Instrument icon in the
initial window or overview page.

Note:

You can always return to the initial
window or overview page by tapping
the company logo in the upper left-
hand corner.
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ricGEEl CLLI E

Set Time and Date [3 Update Firmware [E
Select Language [3 Setup Sound [E

 [A0PTEP000 e =
¢ Setup Characterizer [3

=)

Tap Set Anti-Aliasing in the selection
page for ADVANCED device setting
parameters.

4 @@ @ @ . R

Set Anti-Aliasing

Anti-Aliasing: ON

o S SR SR SR SR SETHR

Switch the anti-aliasing filter ON.

Then exit the function and the
previous dialog box by tapping EXIT.

Note:

For measurements at the outputs of
electronic frequency converters, the
filter must be switched on so that the
instrument can synchronize itself to
the low, rotating field frequency.

10-14-15
2:32:48pm

‘GOSSEN METRAWATT - @ @ .

MONITORING surmary METER suMMArY
Monitoring Status: () FF
File Name: Volts AmPS
=0 seconds A 120.75| 0.001
TriggeredEvents:O (B: 120-79 0.001
B 120.74| 0.001
imed Events: () D
- 3.61| 0.001
Hemory Available: § 661 of 0.025 GB s
% Memory Full: 15237101.0

START/SETUP MONITORING REAL TIME METERING
Meter Harmonics

e FELEE B B

After returning to the overview page,
tap the START/SETUP MONITORING
icon.
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10-14-15

4A0@ENPIOOO0 O

Tap Setup Wizard in the selection list

zen for measuring and  monitoring
parameters.
Automatic Setup forg::;:; Load setup template [:]
Automatic Setup for
Energy/Demand [:] Load data file from memory [:]
" Change Instrument
Wizard Setu Configuration [:]
7 -
Monitor same circuit [:] View/Save Monitoring Setup
L Pmbgs&> L Wiring ; Llﬂmiml&> L Monitor . L Trigger . [ Finalize . start 10-14-15 Read ) the dISp|ayed Operatlng
Scaling Config Frequency Mode Limits. Monitor 2:36:47pm Instructlons and then tap NEXT
| Volt | Amp
T
A L'3‘94«.1? 14.12
B 399.32| 14.50
STEP-by-STEP MONITORING SETUP ;
C 396.73| 14.16
e} 0.00| 0.33
These next series of screens will guide you through the
monitoring setup process. Whereas it is recotnmended that you go i
through each screen in sequence from left to right in order of the = “ =
buttons at the top. You can skip ahead to any of the topics by \ / / N
selecting that icon button. However, this will leave the "skipped" W[ A by
items in their previously programmed setup, which may not be '\ Ly AN
compatible with your present application. f “_‘_

Select the utilized current probes [1]
for all channels in the setup page for
Probes & Scaling, as well as their
selected measuring ranges [2 and
3], and then tap NEXT [4].

Notes:
e |n order to obtain reliable measured

CURRENT PROBES TURNS RATIOS
(o] (s
Voltage Current
Pri. Sec. eC.
. alr )L e |
; o[+ L= JL2 )2 ]

¢ 3of1|t-1E,{x3xL 'Ilm—_l® ‘ 1 ” ! H ! ”

e Due to the fact that current is not

p |P-FLEX vI 30A vl
3000/3XL

CC C ) ===

values, motor current must be within
10% to 120% of the measuring
range.

measured at channel D, the setting
for this channel is irrelevant.
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>
Hominal &
Frequency

> > > > >
Probes & Viiring Monitor Trigger . Start 10-14-15
Scaling Canfig Mode Limits Meonitor 3:24:28pm

Warning! Improper connection of this instrument could result in the loss of life,
physical harm, or a fire hazard. Also, connection of thi:instrument must be performed
in compliance with the National Electrical Code (ANSI/NFPA 70-2014) and any other
additional safety requirements applicable to your installation. Installation, operation,
and maintenance of this instrument must be performed only by qualified personnel.
The National Electrical Code defines a qualified person as one familiar with the
construction and operation of the equipment and the hazards involved.

Acknowledge that you have read the
warning which now appears by
tapping | ACCEPT.

> > > > >
Wiring Hominal & Monitor Trigger T Start
Config Frequency Mode Limits Monitor

Al

© Single Phase Detected as: Single Phase
© Split Phase rce A+ c- /1 Load Voltage: ox
1 L =
I F Pe
. i B
@ 3 Phase Delta |a & i E:a e Current: Mismatch
F S
© 3 Phase Wye A2 ; g% c Sequence:
1 /B-C 7 B
‘ T TTE &
© 3 Phase 2-Watt Delta a8 Ej% s Actual  Typical
I/ c .
© Generic
© 2 1/2 Element No B )
© 21/2 Element No C

Select the 3-phase delta connection
scheme [1] in the setup page for
Wiring Configuration.

If the motor is now started at nominal
speed, the instrument determines
whether or not the voltage and current
values are high enough and if their
phase angles match the selected
connection scheme [2]. The results
are displayed and can be checked on
the basis of the vector diagram [3].

Then tap NEXT [4].

3%

> > >
Maonitor Trigger - 10-14-15
Mode Limits ez 2:51:59pm

Advanced Frequency Tracking

>
Nominal &
Frequency

>
Probes & Wiring
Scaling Config

Verify Computed Values

The computed nominal values [ Profile
for frequency, voltage, and
current (if enabled) are shown
on this screen. Make sure that
the nominal values are correct.
These values will be the basis
for setting default threshold
and other parameters for

© Standard (Utility Power Line)
@ Fast (Local Generator)

© Internal

Sgnc Channel

@ Channel A Volts
© Channel D Volts
© Channel A Amps

monitoring. Tracking Range

ey

© Channel D Amps

C_C_JC 0 (=]

Select the Fast [1] profile for
Frequency Tracking in the setup page
for Nominal (values) & Frequency.

Channel A Volts or Channel A
Amps can be selected for the Sync
Channel [2].

In the event that limit monitoring is
required for voltage, current or fre-
quency, check to make sure that the
right nominal values have been
entered and correct them if necessary
[3].

Then tap NEXT [4].
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L Pmbgnr.> L Wiring - Lllnminals> [ Monitor g L Trigger . L Finalize >J 10-14-15 Measurements performed at
Scaling Config Frequency Mode Limits Manitor 252:54pm frequency converter OUtpUtS Usua”y
:l Standard Power Quality (IEEE) involve power measu rements over

relatively short periods of time (a few

__| Standard Power Quality (IEC) minutes or hours) without the

| Inrush Current (current triggered) detection of voltage dips, interruptions

:l Fault Recorder (voltage triggered) etc.

— ' Continuous Data Logging is a
E & D d Aud

:l nergy & Demand Auclts suitable setting for the Monitor Mode

| | Long Term Timed Readings (long time recordings) in this case. Select this mode [1] and
Continuous Data Logging (short intervals) then tap NEXT [2]

[ | voltage Compliance (EN50160
[ ] Motor Quality

O e e [ =

m wuss | | IN the Continuous Data Logging
zwzem || | monitor mode, all standard measured

quantities (voltage, current, power

> > > > >
Probes & Wiring Monitor Trigger -
Scaling Config Mode Limits o

>
Hominal &
Frequency

. . etc.) are measured once every
Set RMS Limits [:] Set Peak Transients [Z] second as a default Setting. In the
i m_ event that a larger sampling interval is
k Waveform Capture [:] Set Waveshape Transients | desired, tap Timed Intervals [1]’ or
Timed Intervals [:] Set RMS Diff Transients [Z] otherwise NEXT [2]
Journal Limits [:]

L € (e L= L =

L _° wotas In the Timed Intervals setup window
o 0 == | | you're provided with the option of
selecting a different logging interval

> > > >
Probes & Wiring Monitor Trigger
Scaling Config Mode Limits

>
Nominal &
Frequency

V,I,W and other Std Parameters (1 second Sn‘:‘l‘;‘f}:’;? [] [1], which is then acknowledged by
tapping FINISH [2].
30 seconds :
1 minute subinterval Note:
Demand and Energy 5 minutes interval In the case of logging intervals of
19 minutes greater than 1 second, the minimum,
Harmonics, Interharmonics, Seq |30 minutes maximum and mean values which
Components 1 hour occur during the interval are recorded
off for all Standard Parameters. For
Flicker pst harmonics_, interharmonics and
Plt asymmetrical components the mean

and maximum values will be logged

[ ][ ][ ][ DISABLE ] LSETTo f— bar | but as the anti-aliasing filter is
activated it is only meaningful to

record these parameters if the asym-

metrical components are of interest.
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Free Space 1.661 GB

|
Used Space 4094.364 GB

> > > > > >
Probes & Wiring Hominal & Monitor Trigger — Start 10-14-15
Scaling Config Frequency Mode Limits tnalize Monitor 2:57:4Tpm
Start/Stop Monitoring Conditions Configuratig
Start Stop
@ Immediate © Storage Full
© Time/Date © Time/Date
2:39:00 P 10-14-15 2:39:00 PM 10-14-15 Optional Information
© Never flame
[ em— |
Location
Machine 1 l
Memory e

€ € (e (= [ = )

In the Finalize dialog box which then
appears, you can display the selected
settings for review by tapping View
Summary [1] and save them to a
device configuration file for later use
by tapping Save [2].

>
Monitor
Mode

> >
Wiring Nominal & Trigger
‘Config Frequency Limits

>
Probes &
Scaling

>
10-14-15
3:00:35pm

>
Finalize Start
Monitor

Please Enter Name

[VSD-Meas 3ph-delta 30A

(1]2fs]e|s]e]|7]e]
q w e r t V' u

9|0
i o

a s h

k

CAPS| z X n

Shift |

Clear All

" Cancel |

For saving the file, you're prompted to
enter a filename with the help of a
keypad which appears at the screen.
Use a meaningful filename for this
purpose.

I > > > > > >
[ Probes & [ Wiring [ Hominal & [ Monitor [ Trigger [ Finalize 10-14-15
Scaling ‘Config Frequency Mode Limits Monitor 3:02:20pm
Start/Stop Monitoring Conditions Configuration
Start Stop
@ Immediate © Storage Full
© Time/Date © Time/Date
2:39:00 PM 10-14-15 2:39:00 PM 10-14-15
@ Never
Memory
Free Space 1.661 GB
Used Space 4094.364 GB
[

If the current configuration will only be
used for viewing live measurement
data at the instrument, tap NEXT [3].

However, if you want to record the
measurement data a Name must be
assigned to the recording [1], and you
also have the option of entering
further information concerning the
measurement Location [2], as well as
additional Notes. Then tap NEXT [3].
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wotins The following message prompts you
ST to make an appropriate decision and
tap the corresponding button.

> > > > >
Wiring Monitor Trigger . start
Config Mode Limits o= Monitor

>
Hominal &
Frequency

You are exiting the SETUP WIZARD. Do
you wish to save the setup changes but not start
monitoring [USE AS METER], save the setup changes
and start monitoring [ACCEPT], or leave the
settings as they were [EXIT] ?

L C L0 [~ [ = ]

oaa1s The display then returns to the
‘GOSSEN METRAWATT @ @ . suzem | | overview page.

If a recording has been started, the

N s 1ty METER s Monitoring Status, i.e. ON [1], and

FieTame DML Volt | Amp other recording parameters appear

S 9,17 minutes A 39581 14.16 there under MONITORING

Traered B () B 400.37 |14.51 SUMMARY after a brief initialization
Timed Event: C 401.32|12.42 period.

327 D 0.00 330m
Memory Available: 3,621 of 3.882 GB ' Regardless of whether or not
% Hemoryfull: - g, F recording has been started, you can

jump to the live measurement data
display by tapping the Meter icon [2].

START/SETUP MONITORING
Scope y armani Phasor View Data Instrument

C ™ BlENS

@ 6 ntaas In order to stop a running recording,
AGOSSEN METRAWATT - . sa2m | | tap the appropriate icon [1] in the

overview page.

MDN.?(:RI?;?UM::;, | METER o Regardless of whether or not
Fie Hame: HDMWL Volt | Amp recording has been started, you can
burstor 9,17 minates A 395.81|14.16 jump to a display of the recorded

Triggered Events: ) B 400.37 |14.51 measurement data by tapping View
TS 3270 C 401.32|12.42 Data [2].
e 3,621 of 388268 0 0-00|330m

% Memory Full: g

START/SETUP MONITORIN REAL TIME METERING
Scope Meter Harmanics Phasor
oY FBE E
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6. Viewing and Analysing Data

oaats Live measurement data can be
‘ - @ 6 Hzazem displayed in various viewing formats.

As a rule, display as numeric values

(Text Display Meters [1]) makes
Dial Met: Ph
- "”’E_] asors (=] most sense for frequency converter
Text Display Meters Harmonics E] power meaSl_JrementS' .
However, with the exception of the
smeModeE] st,i,,Cha,tRecorderE] Harmonics view, all of the other

display formats are fundamentally

Dashboard E] usable.

L _C € € 0 )0 = |

L0101 Display of momentary Volts & Amps
‘ - @ 6 . s as numeric measured values

VOLTS & AMPS HARM & FLICKER POWER DEMAND ENERGY

DC Volts

V line-neutral V line-line Current Frequency lina-netral DC Current

(oo [(osrosrn [ wonwmee | ("o (2t | (e (e )

10115 Display of momentary Power
‘ - e 6 . o quantities as numeric measured

values
VOLTS & AMPS HARM & FLICKER POWERl DEMAND ENERGY

- Fundamental True Displacement
e BT Reactive Power Power Factor Power Factor

A 32631k 32Tk 24148 SoTm Lo
B 33519k F35EEK G742 = 100w = 1000 [
[ 29845k S0k 124,80 Gam T
D &3.0m St Faa Hrem DM . [
ToTaL AT G0k rac i 1000 1000m o
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A0EEE DO O=
09:26:38
200.004 — F2.00
3 1 T - E
A 120.86v .B 100.00] e 1 E\ oon
0.8594 3 ooo o0
u = El » I
B 120.75v ~100.003— S 000
-200.007 -
0.8444 200.007
C 120.85v il & 1tooeo]
° 0.003
0.898A |
. = 100.003
D -200.007
200.00 —
100007 = ll
Freq: n E -
=] 0.009 3
25.12Hz = E 2
-100.003 - —
-z00.007 E—
3.18 ms/div

SELECT STACKED/ CHECK SNAPSHOT TO BEENDEN
CHANNEL OVERLAY RANGE DATABASE

Display of momentary Volts & Amps
in the scope mode showing the
filtered signals

Z0P00e0000-
150.00V/Div _ 4.00A/Div
/,.4?36*) . .
A 396.73H0.0 - Unsymmetrie
14.20 W-34.8 " volt  Amp
B 401.26/-119.6 Null  148m 1.01
14.56 -148.6 Mit 399,97 13.81
C 401.94H119.7 Geg 3.12 163m
12,70 H88.1 \ Seg/Mit 780m 1.18
D 90.5m -34.8 \ull/Mit 36.9m 7.28
0.00 [H20.8 NEMA 807m 7.64

(=]

Display of momentary Volts & Amps
in the phasors view

10-14-15
3:21:35pm

660

Voltage Compliance Report E

Energy & Demand Report E
Harmonics Statistics Report 'E
Mini-Report Viewer E

Trend Plot

Trend with Event Markers

=]
Event List ‘Z]
=

Event Plot

12-05-13
09:37:52

=

e s

09:20:28  09:72:09 09:23:50 09:25:31 09:27:17 09:28:53 09:30:34 09:32:15 09:33:56 09:35:37 09:37:18

12-05-15 09:20:28 Zeithereich: Zoomed to Data 1.683 Minutes/ division 12-05-15 09:37:18]

ZEIT- HERAUS
BEREICH ZOOMEN

GESTAPELT/
UBERLAGERT

PARAMETER WERTE

WAHLEN ANZEIGEN BEENDEN

The data recorded in the Continuous
Data Logging mode can be displayed
at the instrument as a Trend Plot and
analyzed.

This task can of course be implemen-
ted more conveniently and compre-
hensively at a PC with the help of
DranView software.
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7. Measurement Examples

Figure 1:
. 400.00- —2.00
A 183.80V pe T RS, EL
0 1 MR D - o
oesh Mg o ' T A
B 183.58v 200,003 =" LD PR LR 1000
400,007 E 200
0.823A 400.007 F2.00
C 184.42v .4‘5 zuu.uu; ;.uuu a
o n.w; Fo.00
os92a W= 2o000] oo
D -400.007 E 200
400,004 200
A0 LU~ AR ARARLE
Z00.00- —1.000
Mo st 11 . 0 S
G (A AT S
00 M TUooIr e F-1.000
-400.004 E 200
3.18 ms/div
Figure 2:
200.003 ———] £2.00
A 123.08v " 1uu.uu§-w -~ -+ E-1.000
E| . T =

osaon W3
B 123.04v =
0.8254
C 12z319v Ml »
os90a W g

0.00]

-100.003 —

7
|
e

-1.000

-200.00]

W T
B2
-]

200.003

f 1.000

100.003

0.00]

0.00

-100.00

-1.000

-200.001

E 200
200.004 g~ pz.00
.00 fl.uuu
e g e
25.12Hz S 3 ‘1‘“’. A=
-100.003 E-1.000
E [ E
-200.00 =2.00
3.18 ms/div
Figure 3:

VOLT AMP HARM & FLICKER LEISTUNG BEDARF ENERGIE

L-N Spannung L-L Spannung Strom Frequenz L-N DC-Spannung DC-Strom
[v] [v] [A] [Hz] [v] [A]
a 71.10 A/B 123,11 0.849 25.12 0.192 0.032
B 71.10 B/C 123.07 0.824 - 0.161 0.016
c 71.15 C/A 123,260 0.887 - 0.125 0.027
D 0.549 0.034 - 0.171 0.034
Figure 4:

VOLT AMP HARM & FLICKER |LEISTUNG| BEDARF ENERGIE

wirkleistung Scheinleistung Yerschiebungs- Yerschiebungs-LF
[wl [val Blindleistung [YaR] DPF (cos-phi)
A 26.84 60.35 52.36 0.445 0.456
B 24.88 58.68 51.49 0.424 0.435
C 28.76 63.08 54.34 0.456 0.467
D 0.006 0.019 -0.000 0.342 0.784
GESAMT 80.48 177.48 158.19 0.453 0.453

Figure 1 shows the waveforms of the
non-filtered (Anti-Aliasing = OFF)
output voltages and currents at a
chopper frequency of 6 kHz and
rotation frequency of 25.11 Hz.

The displayed voltage rms values of
183.5 V are not correct (too high).

Figure 2 shows the waveforms of the
same signals being filtered (Anti-
Aliasing = ON). At 6 kHz there is not
yet a full effectiveness of the filter so
some “noise” is still visible on the
voltage waveforms.

But the displayed voltage rms values
of 123.0 V come already close to the
correct value which would be 120 V.

Figure 3 shows the corresponding
momentary Volts & Amps as numeric
measured values.

Figure 4 shows the corresponding
momentary Power quantities as
numeric measured values.
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Figure 5:

A 184.27v [l
oss3a
184,17V

Volts

B
0.821A

18a.69v [l
osoon WS

Freq:
25.11Hz

YVolts

Figure 6:

A 120.80v [l
08598
B 120.75v
0.8444
120.85v [l
0.898A .E

Volts

Freq:
25.12Hz

Volts

200.00:

100.00;

0.00:

-100.00:

-200.00-

200.00:

100.00:

=4
=
=

-100.00:

-200.00-

200.00;

100.00:

=4
=
=

-100.00; =

-200.00-
3.18 ms/div

sduny

Figure 7:

VOLT AMP HARM

L-N Spannung
[v]

& FLICKER LEISTUNG BEDARF ENERGIE

L-L Spannung Strom Frequenz
V]

[a] [Hz]

L-N DC-Spannung
V]

DC-Strom
[A]

A 70.15 A/B 121.50 0.851 25,13 0.202 0.031

B 70,15 B/C 121.44 0.825 = 0.162 0.013

C 70.14 C/A 121,51 0.891 - 0.107 0.027

D 0.407 0.034 = 0.176 0.034
Figure 8:

VOLT AMP HARM

& FLICKER LEISTUNG | BEDARF ENERGIE

Yerschiebungs-

Verschiebungs-LF

Wirkl[l\?::itlll]g S(ht‘i{ﬂﬁm"g Blindleistung [VAR] Ll DPF (cos-phi)
A 27.18 59.86 52,73 0.454 0.458
B 24.58 58.01 51.86 0.424 0.428
c 29.03 62,48 54.67 0,465 0.469
D 0.006 0.014 -0.000 0.447 0.242
GESAMT 80.79 178.58 159.26 0,452 0,452

Figure 5 shows the waveforms of the
non-filtered (Anti-Aliasing OFF)
output voltages and currents at a
chopper frequency of 10 kHz and
rotation frequency of 25.11 Hz.

The displayed voltage rms values of
184.5 V again are not correct.

Figure 6 shows the waveforms of the
same signals being filtered (Anti-
Aliasing = ON). At 10 kHz the filter
shows full effectiveness so the voltage
waveforms look “clean”.

The displayed voltage rms values of
120.8 V are now correct.

Figure 7 shows the corresponding
momentary Volts & Amps as numeric
measured values.

Figure 8 shows the corresponding
momentary Power quantities as
numeric measured values.
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