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Types of Multi-phase Measurements




MULTI-PHASE APPLICATIONS

Oscilloscopes provide multiple channels that are time
aligned, allowing easy measurement of timing events
between different signals

In Power Applications, multiple phases are used in both
power transmission and power conversion

AC Line Power — 3 phase (may be moving to 6 phase)

Inverters and Motor Drives — single and three phase are

https://en.wikipedia.org/wiki/Three-phase electric_power
both common
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MULTI-PHASE APPLICATIONS

Buck Converters — Multiple Phases in a single converter to provide more current output

2 Multiphase Buck Regulator Overview

A multiphase buck regulator is a parallel set of buck power stages as shown in Figure 2-1 and Figure 2-2, each
with its own inductor and set of power MOSFETs. Collectively, these components are called a phase. These
phases are connected in parallel and share both input and output capacitors. During steady-state operation,
individual phases are active at spaced intervals equal to 360° / n throughout the switching period where n is the
total number of phases. Figure 2-2 shows a TPS53679 multiphase controller demonstration board and Tl power

stages for a six-phase design.
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Figure 2-1. Multiphase Regulator Example

https://www.ti.com/lit/an/slva882/slva882.pdf
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Power Measurements on an Oscilloscope




POWER BASICS

» What Voltage, and Current are used? (DC? Peak? Peak-to-Peak? Max? RMS?)
» What units is P given in?

» What if my supplied voltage is not DC or sinusoidal?

» What if my Load is not purely resistive?

Oversimplification leads to errors. A DVM or DMM is not always an appropriate tool to make these
measurements. You need an Oscilloscope!
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POWER BASICS

Oscilloscopes and Power Analyzers take advantage of ADCs
that digitize the signal, and allow for analysis on full
waveforms, characterizing correctly RMS values for current
and voltage for non-ideal waveforms.
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POWER TRIANGLE - A MORE COMPLETE LOOK

These values can be manually measured with
an Oscilloscope. Measurements made across
1 cycle.

Apparent Power (S, in V*A) = Vrms * Irms

Real (or Active or True) Power (P, in Watts) =
Mean (V*I)

Reactive Power (magnitude in Q) = ¥ 82 — P2
Power Factor (A\) = P/S

Phase Angle = cos™" A

Rohde & Schwarz

Power Triangle

Apparent Power
Measured in VA
S=VI
Reactive Power
Measured in VAR
Q=VISind

S Q
S = I(Pz+Qz)

KVA = kW + VAR’

Phase

Angle P

Active, Real or True Power
Measured in Watts
P=VICosb www.electricaltechnology.org



Multi-Phase Buck Converter




IN-SITU INDUCTOR CURRENT MEASUREMENT IN MULTI-
PHASE BUCK CONVERTERS

» Application
— Measure current loading of multi-phase buck converter
— Observe PMIC control function
» Problem
— Access is generally limited due to the placement of many PMIC’s and inductors

— Standard probes such as clamp-on, Rogowski, shunt resistor, etc. cannot be used
» Solution

— Measure H-field using a near-field probe (non-invasive)
— Signal is a pulse proportional to the inductor current slope
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MEASURING CURRENT USING A NEAR FIELD PROBE

adl/dtI

o is a function of the probe
geometry and gain
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MEASUREMENT
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MEASUREMENT RESULTS - NO LOAD
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PHASE INTERLEAVING - NO LOAD
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1 and 3 Phase Inverter Measurements




TYPICAL MOTOR DRIVE (POWER INVERTER)
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3-PHASE PMSM MOTOR
S32K116 BLDC/PMSM DEVELOPMENT KIT

Motor

95 W PM Motor
Part Number: 42BLY3A78-24110

DEVKIT-MOTORGD Board

« 42BLY3A78-24110: 3—phCIS€ PM Part Number: DEVKIT-MOTORGD

motor, 24 V, 95 W, 9000 rpm, 3 3 /
6 A, 2 pole pairs ¥ y 7 e~ Y

Power supply

PSD-1270APL05:12V, 7 A +
universal AC plug adapter

S32K116 Evaluation Board
Part Number: S32K116EVB2Q048

Permanent-Magnet Synchronous Motors
20 Rohde & Schwarz



3-PHASE PMSM MOTOR

S32K116 BLDC/PMSM DEVELOPMENT KIT

(@]

Permanent Magnets

Stator

o

— Shaft

Stator Winding

Rotor

Air Gap

Center point

4

Figure 1. BLDC motor — cross-section
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3-PHASE INVERTER OF THE S32K116

Note that this motor uses Half H-Bridge
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3-PHASE PMSM MOTOR
S32K116 BLDC/PMSM DEVELOPMENT KIT

Hall Encoders
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What Measurements Can We Make?

1 Phase N




WHAT MEASUREMENTS CAN WE MAKE?

[E] Edge -6 mA Auto 40 ms/div 5 MSa/s Sample 15:25:25

Add Screen Add Add zone ®
Undo Help  cirsor  capture Annotate Preset .50,  Measure trigger VM £ Trg'd 0s 2 Mpts 18 bitHD Hist235 S

258V |1aba i \ 4

View of Phase A .
« Carrier Frequency ¥
* % Duty Cycle

change

Motor Speed (RPM) &

V rms

| rms

VA
P

L

+ + + + =
C8 logic Math Bus Ref Spec Gen Menu
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WHAT MEASUREMENTS CAN WE MAKE?

Trigger Horizontal Acquisition Info 2025-07-09

Edge 6 mA 40 ms/div 5 MSa/s Sample 15:35:31 ®

dd Add zo0ne
DVM 0s 2 Mpts 18 bitHD Hist85 e

Add Screen
Undo Help Annotate  Preset Measure trigger

cursor  capture zoom

258V | 1ab1 +

Carrier (Switching) &
Frequency s
« Simple frequency
measurement on
CH1, zoomed into EB 160 ms 120 ms 80 ms 40ms wms o . . o

154V

show the square PP e e B I B P s | e e Bt | e e P
wave 107V

84V

0 OO L. O .90 /55 RO 90 O I .1 . | (A 51 L 7 | S 5 WO i A L 95 .5, 5 |

Measure Current Max Min Mean RMS o (S-dev) Event count Wave count

1 Freq 20.01785 kHz 20.169 16 kHz 19.93008 kHz 20.0441 kHz 20.04411 kHz 25.89 Hz 505067 63

+ + +

+ =
logic Math Bus Ref Spec Gen | Menu

26 Rohde & Schwarz




WHAT MEASUREMENTS CAN WE MAKE?

Trigger Horizontal Acquisition Info 2025-07-09

-6 mA 40 ms/div 5 MSa/s Sample 15:39:26

Add Screen Add Add zone
Undo Help cursor  capture Annotate  Preset o5, Measure “yipger-  DVM 0s 2 Mpts 18 bitHD Hist 606 & WX

z ‘ N
% Duty Cycle |
change
» Positive Duty Cycle
Measurement
Add a Track |
+ and — values will g3 - pe , , | ‘ o
be shown, but this | | | ‘ |
can vary with the
speed of the motor

Measure Current Min RMS Event count Wave count

1 PDCyc 42.24 % i 36.49 % . 50.53 % 5 1386964 173

T
+ + + +
D(S‘IMH(; 2.23% logic Math Bus Ref Spec Gen
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WHAT MEASUREMENTS ,CAN WE MAKE?

Trigger Horizontal Acquisition Info 2025-07-09

5 mA Auto 40 ms/div 5 MSa/s sample 15:42:24 ®
Add Screen Add Add zone
Undo HElp cursor  capture Annotate  Preset o5, Measure “yipger-  DVM Trg'd 0s 2 Mpts 18 bitHD Hist641 w LXI

258V | Tab1 +
PAR:AY

Motor Speed (RPM) B | N
Requires a - - 3
frequency
measurement to
show electrical
cycles. Could be
the PDCyc
measurement,
Current
Measurement, or
even the output of
the Hall Encoders
6.68 Hz in this :

S etu p . Measure Current Min Event count Wave count
1 PDCyc 4236 % .97 % 40.88 % . .54 % . 481020 60
6.64 Hz X i & 120 60

Meas1
PDCyc (C1)

+ + + + =
c6 a C8 logic Math Bus Ref Spec Gen Menu
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WHAT MEASUREMENTS CAN WE MAKE?

Motor Speed (RPM) — How do we get RPM from 6.68Hz?

« We know from the Motor specifications that there are 2 Polar Pairs. This means that there will be 2
electrical cycles per 1 mechanical revolution.

« RPM = Frequency / (# Polar Pairs) *60s =6.68 /2 * 60 = 200 RPM.

* We could make a math trace using this formula taking the track of a frequency measurement to
show speed over time. (e.g. Rescale of Track * 30)

* AC Induction motor’s speed are impacted by slip, and gear ratios, making the calculation more
complex.
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WHAT MEASUREMENTS CAN WE MAKE?

625 RPM
A A

Time to Change

Speed _
» Using a rescale of \?hasqﬁvo{Fageapderent\, FERVERVERTERVER VIRV AR VAR VIRV
v =100 ms 100 ms 200 ms 300 ms 400 ms 500 ms 600ms 730 ms

the track of the i

600 RPM

575 RPM

frequency

525 RPM

measurement Of the R S S S O PR S|
track Of the Pduty s6a%| :; 1 i :..‘ || '._'l ""_ I, 500 RPM

Cycle measurement
of Phase A, we can ESEaiEs B A

plot the RPM of the 88 B . ARUINE ] | fasorem
motor L1 L

Trigger on the soape—A Y YL Y Y
Speed Change 172 4P- o
button,and 00 ms 100ms  200ms 300ms 400ms 500ms 600ms 730 ms|t 295 gy -100ms 100ms 200ms 300ms 400ms 500ms 600ms 730ms
measure delay until [HE—_ % 2 N

RPMs change 3 o~ ] '

1MHz | 95 RPMY 3.19%
OC MO | escalelTRk2 30PM..

475 RPM

IEF 425 RPM

Time from Trigger to Speed Change
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WHAT MEASUREMENTS CAN WE MAKE?

Motor Speed (RPM) —Hall Encoder

1246 ms 200 ms 153 ms A@ms i i § s0ins o O-:s 50 ms 100 ms 150 ms 200 ms 254 ms

With 2 Pole Pairs it takes
2 electrical cycles for 1 full
rotation of the motor

000019001 180 2700 g
30% 00 120° , 210° 7 00! 360°
150° “" 2400 7 3300
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WHAT MEASUREMENTS CAN WE MAKE?

Vand Il rms

» To Accurately measure V rms or | rms, we need either a Cycle RMS measurement, or to capture enough
cycles that a partial cycle in the measurement does not skew the results. Both have challenges.

Cycle RMS:

« Set up measurement Gate to cover 1 electrical cycle (can eyeball based on PDCyc track, of current
measurement)

» Try to set up your total acquisition time to be an even multiple of an electrical cycle
Long Duration RMS measurement:

« This would take a large amount of data to do so well on an Oscilloscope, but we have a built in DVM that
makes this easy. We can set its measurement period to a maximum of 1 second.
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WHAT MEASUREMENTS CAN W

Vrms

* Both the gated
RMS and the DC
RMS with the
Measurement time
set to 1s agree
8.65V-ish
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Acquisition
Sample
18 bitHD

Hist 641

2025-07-09

16:14:17 ®

200.676 | Tab1 +

- 200.508 Hz

200.424 Hz

200.34 Hz

200.256 Hz

=200.172 Hz

AC1 )

E-200.088 Hz
200.004 Hz

109.836 Hz
-109.836 Hz

Cu1 Ax: 149.6 ms

1

160 ms
L

Cu1 Ax: 149.6 ms

a
S
Voltmeter Statistics

Measure Current

1 [&PoCyc 4181%
6.69 Hz
8.65V

5MHz 84 mHz/

DCIMQ Rescale(TRK2,30,0)...
10:1 200.

Min Mean

40.98 % 50.13 %

6.67 Hz 6.68 Hz
8.65V

PDCyc (C1)

Voltmeter

DC RMS:

Statistics

8.62397V

X1 1504 ms

-800 ps

149.6 ms

L. 668449 Hz

+ +
logic Math Bus

+ =
Spec Gen Menu




WHAT MEASUREMENTS CAN WE MAKE?

Trigger Horizontal Acquisition 2025-07-09
6 mA Auto 40 ms/div 5 MSa/s sample 16:29:21
Stop 0s 2 Mpts 18 bitHD i & X

B

Add Screen  pnnotate  Preset dd Measure Ag?f)one DVM

cursor  capture zoom
Tab1 +

Undo Help

|l rms

» [Easier to measure,
since its cycle is L |
correct. Could use a | _—
Cycle RMS
measurement, or
any of the other two

method
2.76 A

Cu1 Ax: 149.6 ms

o Voltmeter Statistics
=
@ ocrws:  864929v [ DCRMS: 272935
Voltmeter Statistics - X1 1504 ms

Measure Current Max Min Mean RMS o (S-dev) Event count Wave count X2 800 ps
1 PDCyc 4193 % 58.89 % 40.78 % 50.13 % 50.54 % 6.42 % 8017 A W0Ems

2 il Freq 6.68 Hz 6.68 Hz 6.68 Hz 6.68 Hz 6.68 Hz 4.81 mHz 2
3 61 RMS 8.65V 8.65V 865V 865V 8.65V ov 1
4 m CRMS 275A ALY 275A 276A 276 A 192 mA 2
5 @G‘l RMS PALYY 276 A 276 A 276 A 276 A 0A 1

= n _
5MHz 2 5 MHz| 84 mH, WELS 2.78 mHz i &6
DCIMO oC 1Mﬂ Res(ale(T{lKZ 30'0%" Meas1 Meas2 C8 logic Math Bus Ref Spec Gen Menu
10:1 |-6 mA RT-ZC20i 200.26 Hz PDCyc (C1) Freq (T1)

1
Ax 068449 Hz
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2025-07-09
16:29:21

e

WHAT MEASUREMENTS ,CAN WE MAKE?

Trigger Horizontal Acquisition
-6 mA 40 ms/div 5 MSa/s Sample
dd Add zone m
DVM ¥ 5 0s 2 Mpts 18 bitHD

Add Screen
Undo Help cursor  capture Annotate  Preset o5, Measure trigger

Tab1 +

Apparent Power in

Apparent Power is SRR L e N
the power required Cu B 1496 ms

to drive the circuit ‘ ‘ :

Vrms * Irms

Scope Measurements:

e 8.65V*276A= ,, , |
23.874VA s | T a—_ j

DVM measurements [ e —

Voltmeter Statistics

*2.72A =
° 8 . 64V . - Measure Current Max Min Mean RMS o (S-dev) Event count Wave count X2 -800 ps

9 9 9 o 9
1 PDCyc 4193 % 58.89 % 40.78 % 50.13 % 50.54 % 6.42 % 8017 A W0Ems

+ 23.5VA
- 2 i Freq 6.68 Hz 6.68 Hz 6.68 Hz 6.68 Hz 6.68 Hz 4.81 mHz 2 1
Ax 6:68449 Hz

3 [&] 61 RMS 865V 8.65V 865V 8.65V 865V ov 1

DVM is COﬂtinUOUSly 4 [Z crRms 275A 276 A 275A 276 A 276 A 1.92 mA 2

running, so not including the 5 [Z] 61 RMS 276 A 276 A 276 A A2 ‘ 0A 1
. (€1 ™ _ [ Vi1 12 = o | el [+

waveform in acq memory LT Dgw‘; 84 mie/ 3 8 logc Math Bus Ref Spec Gen

MQ (TRK2,: 30,0%..
10:1 -6 mA RT-ZC20: 200.26 Hz

PDCyc (C1) Freq (T1)
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WHAT MEASUREMENTS ,CAN WE MAKE?

Trigger Horizontal Acquisition Info 2025-07-09
E] SmA 40 ms/div SMsas  Sq,ple 16:4129 ®
Y £ 0s 2 Mpts 18 bitHD Hist1 & WX
260 V*A| Tab1 X Tab2 i+ ) 4

Active Powerin W

* Active Power gets S
used up in the
circuit ‘ |
Cycle Mean of the & \ L
Power Waveform |
(V*1)

Add Screen dd Add zone
Undo Help cursor  capture Annotate Preset  om  Measure trigger DVM

Same Cycle challenges S - o U9 ms

-80 ms 40 m : 0 1 80 ms 20 16C:ms
L i L

as with Voltage. Use
the Gates and a Mean Voltmeter  Statistics T

Measure Current Max Min Mean o (S-dev) Event count Wave count X2 -800 ps
Measu rement 1 PDCy( 4193 % 58.89 % 40.78 % 50.13 % 50.54 % 6.42 % 8017

Ax: 149.6 ms
2 [flFreq 6.68 Hz 6.68 Hz 6.68 Hz 6.68 Hz 6.68 Hz 4.81 mHz 2

3 G1RMS 8.65V 865V 8.65V 865V 865V ov

3
7

1 1

1 562W 4 [@cRMS 275A 276 A 275A 276 A 276 A 1.92 mA 2 1
) 1 1

1 1

i
A 668449 Hz

5 [€1 61 rRMS 276 A 276 A 276 A 276 A 276 A 0A
6 Y 61 Mean 1.562 V*A 1.562 V*A 1.562 V*A 1.562 V*A 1.562 V*A

5MHz 52 ysp/ : = + + + + =
Ad X —]
C 1IMQ DC IMQ - as1 e: a C8 logic Math Bus Ref Spec Gen Menu

10:1 -6 mA RT-ZC20B C1*C4 by PDCyc (C1) Freq (T1)
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DERIVED POWER MEASUREMENTS

With a known Active and Apparent power, we can

calculate the rest of the Power Triangle
S = 23.874VA, P = 1.562W

Q=+ S2-P2=+23.8742 - 1.5622 = 23.82 VAR

Power Factor=P /S =1.562/23.874 =0.065A

Phase Angle = cos™ A = cos™"0.065 = 86.24 degrees
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Power Triangle

Apparent Power
Measured in VA

S=VI

S Q
S= \}.(P2+ QZ)

KVA = vVkW “+ KVAR?

Reactive Power
Measured in VAR
Q=VISinb

Phase

Angle P

Active, Real or True Power
Measured in Watts
P=V | Cosb www.electricaltechnology.org



DOES OUR PA SOFTW.
That Pesky Cycle o o |t 52 | 5

Issues creeps in
again

The PA (Power Analyzer)
software grabs the cycle
from our carrier frequency
on Ch1. The Mean and
RMS measurements are
closer, using all 8K events.
Setting the Fund.
Frequency manually
doesn’t change how the
cycles are sliced and
calculated.

Solution —

Trick* the PA
software, swap
sources for | and V
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Add Screen
cursor  capture

DOES OUR PA
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=
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2025-07-09
16:57:56

S X

260 V*AlTab 1 ®

104 V*A

Compare to

P1 .
1

VA

Calculated Results

260 V*A ‘irl? ms

120 ms

80 ms
I

CuT Ax: 149.6 ms—
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16.41 mV

24.46 mVA

68 n

14.12 pW

24.51 mVAR
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Math

Apps

Logic
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Save/recall

O

Keyboard Power

PA1 Power = : .\ N N

52 V*A pER 2.78 mH i
v°|¢.;c4/ Feid] SR e (8 logic Math Bus Ref

0 V*A | Curr.: C1 Freq (T1)

+ =
Spec Gen | Menu

-
5MHz 57 ysp/

DC 1MQ

RT-ZC208 C1*C4

5 MHz 24/
DCIMQ
-6 mA

5MHz 50 mv/
DC 1MQ

Auto PDCyc (C1)
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What Measurements Can We Make?

|

3 Phases

) MMII




PHASE TO PHASE

a3 | e

Undo

=

Saeen annotate  Preset Ad

Add d
Help capture zo0m

cursor

MEASUREM

Add zone
Measure trigger bVM

ENTS

Trigger Horizontal
20 ms/div 5 MSa/s

0s 1 Mpts

Acquisition
Sample
18 bitHD

Info 2025-07-09

Hist457

o | Y phase A
v
Compare the - »

Phases of the Duty
Cycle Tracks to the
Current waveforms

12V

16V

20V '60‘rns '40‘ms 20ms Os 20ms 40ms 60ms

1100 ms

H 4 Phase C

We expect these to
be 120 degrees apart
for a balanced
system. They are very

close.

| 5A

3A
2A
1A
’ﬁ/
-1 A
H2 A
3A

SA_ |

-607hs -40 ms 20 ms ~ Ojs 20'ms 40 ms 60 ms 100"hs 60 ms 40 ME-20ms  0is 20 ms 40'fis 60 ms 100 ms
L f h L N

1 [@Pocyc: 4249% 2 [@PDyc:
— v o
5MHz 4/ 5 MHz -
DC1MQ DC1MQ
10:1 0V

5MHz 1A
DC 1M
10:1 0A

Rohde & Schwarz

5737% 3 [€

ece |

5MHz 1 a7
DC 1IMQ

RT-ZC20B 0 A

4432% 4 [@[F Phase: 118.1° 5 [B[E Phase: 7 [EiEl Phase:

PDCyc (C1) PDCyc (C2)




WHAT ABOUT TOTAL POWER OF ALL 3 PHASES

Three Wattmeter Method

The total power (P, S, Q) of the system is the Sum of all 3 together. If the system is balanced, we can
assume it is 3x of any individual leg measurement.

Two Wattmeter Method

In many systems, the voltages cannot be measured for each phase from line-to-neutral. Instead we
have to measure them line-to-line.

Let’s test it out!
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METHOD

Acquisition info 20250709

Sample 19:48:51
[ | n L

18 bitHD Hist457

HREE

Ad Screen
cursor __capture

WATTMETER

Add zone
igger bvm

Trigger Horizontal
[ Edge 20 ms/div 5 MSa/s
- Jy 0s 1 Mpts

a

Annotate  Preset Add

Measure

Undo Help Zo0m tri

20V Tab 1 +
16V [ Phase B Phase C o =

1TV ———

Measure

1 YilFreq

2 JE CRMS

3 JH CCrest

4 T CMax

5 [#] cRMmS

6 [# CCrest

7 [& cMax

8 [ Apparent
9 [Hractor
10 [F Active
11 [# Reactive
12 [# Phase

Measure Current
[& Freq 13.36 Hz
[@] cRmS 276 A
[&] ccrest 1.49
[&] cMax 41A
CRMS 864V
CCrest 1.65
CMax 1425V
Apparent
Factor 65m

7\ 10 [ Active 156 W

11 ] Reactive 23.79 VAR

12 [ Phase 86.25°

23.84 VA

40 ms 40 ms 100 ms

60
40 VAN
20/4/*A

‘p}/_

100 s~ 100 v+ 0 100 s~ 100 v*a 0 ms ) 40 ms 100 ms

+ + + + =
a €8 Math Bus Ref Spec Gen Menu

S total = 71.39VA Q total = 71.27VAR

P total = 4.25W
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WATTMETER METHOD

Trigger Horizontal Acquisition Info 2025-07-09

Edge Normal 20 ms/div 5 MSa/s Sample a 19:59:00 @
Stop 0s 1 Mpts 18 bitHD Hist457 X

= N

Add  Screen Add Add zone
corsor_capture Annotate Preset  of8  Measwre AJGENE  Dvm

Tab1 +
Phase A-C 32V Phase B-C o -

Measure Current Measure Current
1 [ Freq 1336 Hz 1 JEFreq 13.38 Hz
2 [@ crms 276 A 2 JE cRMS 279A

3 [€] CCrest 1.49 3 JE CCrest 149

4 [@ cmax 41A 4 JE tMax 416 A
5 JE CRMS 38V 5 JE CRMS 3.78V

6 JI CCrest 4.05 6 JE CCrest 3.89

7 JH CMax 1539V 7 JE CMax L ARY
8 [ Apparent 10.49 VA 8 [F] Apparent 10.56 VA
9 [l Factor 309 m 9 [ Factor 149 m
10 [ Active 3.24W 10 [Z Active 157 W
11 [ Reactive 9.97 VAR 11 [Z Reactive 10.44 VAR
12 [ Phase 71.98° 12 [ Phase 81.43°

Help

4

20 ms

200 V*A 200 V*A

120 V*A [-120 V*A
80 V*A 80 V*A
=40 VA
40 V*A
80 V*A
120 V*A
60ms -40ms -20ms C 4 60 ms 100 msfl” 500 v*A 60ms -40ms -20 ms Os 20ms 40ms 60ms 100 ms

_ (M1
SMHz gy, 40 v,
ocimo oY/ 4 O Ty
RT-2C208 C1-G3 oV Q-G 0A Curr: M1 Auto_Curr.: M3 Auto 0A

P total = 4.8W S total = 21.05VA Q total = 20.41VAR
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RESULTS COMPARED

P total = 4.25W S total = 71.39VA Q total = 71.27VAR 3 Wattmeter Method
P total = 4.8W S total = 21.05VA Q total = 20.41VAR 2 Wattmeter Method

P is close (ish), but S and Q are very far off? What's going on?

Answer — Apparent power is heavily impact by the DC offset of the signals and
the harmonic content of the carrier. This also impacts the viewed values of Q,
but does not have as large of an impact on P.
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RESULTS COMPARED

In our Power Analyzers we

handle this with a dual path A/D —

converter, one for narrow band . Inputsignal
. unipolar PWM voltage

and one for wideband.

Wideband A/D converter Narrowband A/D converter

No filter or 150kHz analog
Wideband filter at 1.21 MS/s sampling

Analog 15kHz Narrowband filter
(anti-aliasing) at 150kS/s sampling

MINLARL
UL
T

Narrowband signal
Filtered frequency spectrum

Our Oscilloscope by default is
Wideband, but it has tools that
allow us to get a narrow band

measurement.

Y

Wideband signal

1
1
1
1
1
1
1
1
1
1
1
[
1
[
1
1
1
1
1
1
Full frequency spectrum 1
1

Figure 4. Schematic representation of the [MGE00 series DualPath signal processing
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RESULTS COMPARED
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RESULTS COMPARED
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Trigger Horizontal Acquisition Info 20250709

Edge Normal 20 ms/div 5 MSa/s Sample 20:57:52 ®

Screen Add Add zone
Help  cyrsor  capture Annotate Preset  jo5n,  Measure Tyijger”  DVM Trg'd 0s 1 Mpts 18bitHD  Histds4 &

TabA - vV A 4
Phase A Phase B Phase C PA1 P PAT \1 PA3
Measure Current Measure Current Measure Current
1 [@Freq 13.36 Hz 1 YilFreq 13.38 Hz 1 MEFreq 13.37 Hz
2 [T} crms 24A 2 JH crMs 279A 2 JRCRMS 278A
3 [& cCrest 143 3 JH cCrest 1.49 3 JBCCrest 146
4 [@ cmax 343A 4 JYH cMax 416 A 4 JE cMax 4.06 A
5 [& crms 710.11 mV 5 [#] crms 705.33 mV 5 [E]cRMS 696.95 mV
6 [&] cCrest 139 6 [& ccrest 122 6 (€] CCrest 1.46
60ms 40ms -20ms 0s 20ms 40 ms 60 ms ) ( 1 7 (Max 9861 mV 7 @(Max 8587 mV 7 Max 102V
\ 4 L B2 8 [ Apparent 1.71VA 8 [ Apparent 1.97 VA 8 [E Apparent 1.94 VA
9 [ Factor 957m 9 [ Factor 792m 9 [ Factor 786 m
10 [ Active 1.63W 10 [ Active 156 W 10 [E] Active 152 W
11 [l Reactive 494.95 mVAR 11 [H Reactive 1.2 VAR 11 [ Reactive 1.2 VAR
12 [l Phase 16.85 12 [ Phase 37.64° 12 [F Phase 38.18°

WATTMETER METHOD

60ms 40ms -20ms O0s 20ms 40ms 60 ms 100 msff gy -40 ms 100 msf| cye -40 ms i 100 ms

Math Ref e Z
E R u [mifim2] P p2 | uﬂ Ref Spec Gen Menu

P total = 4.71W S total = 5.62VA Q total = 2.89VAR
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Current
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Measure
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RESULTS COMPARED AGAIN

P total = 4.71W S total = 5.62VA Q total = 2.89VAR 3 Wattmeter Method
P total = 4.58W S total = 5.71VA Q total = 2.9VAR 2 Wattmeter Method

These results are much closer!
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RESULTS COMPARED WITH VARIOUS METHODS

In these measurements, LPF
was with an FIR custom math
filter, instead of using the HD
mode filter

Note: R&S will be launching 3-phase and
motor analysis software for the MXO
Oscilloscopes over the next few firmware
releasees

Part of that software features selecting a
sync signal to correctly grab cycles even
from PWM signals
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Non-Filtered Waveforms [AC Coupled |Filtered Waveforms |AC Coupled and Filterd Waveforms |Units

VArms 8.5 5.98 547 0.542|V
VBrms 8.62 6.11 5.49 0.508|V
VCrms 8.55 6.04 5.49 0.542|V
1Arms 274 273 275 2.74[A
IBrms 277 278 278 2.79(A

b ICrms 277 278 278 2.79(A

_E

g VArms * IArms 234 16.36 15.03 1.49|VA

B VBrms * IBrms 2395 16.98 15.25 1.42|VA

E VCrms * ICrms 23.7 16.83 15.25 1.51|VA

g Total 71.05 50.17 45.53 4.42|VA

E Reactive (A) 23.47 16.49 15 0.655|VAR
Reactive (B) 23.98 17.04 15.2 0.682|VAR
Reactive (C) 23.89 17.68 15.22 0.917|VAR
Total 71.34 51.21 45.42 2.254|VAR
Mean (VArms * IArms) 1.7 1.52 144 1.34|W
Mean (VBrms * IBrms) 1.59 1.43 1.39 1.25|W
Mean (VCrms * ICrms) 1.25 1.36 1.1 1.2|W
Total 454 431 3.94 3.79|W
V(A_C)rms 3.64 3.55 0.96 0.92|V
V(B_C)rms 3.51 3.52 0.88 0.869|V

E V(A_C)rms * IAmms 9.98 9.81 2.65 2.53|VA

g V(B_C)rms * IArms 9.75 9.77 243 2.42|VA

= Total 19.73 19.58 5.08 4.95|VA

o

E Reactive (A-C) 973 9.71 0.803 0.562|VAR

g Reactive (B-C) 977 9.81 1.96 2. 05|VAR

g Total 195 19.52 2.763 2.612|VAR

fis
mean (V(A-C)rms * IArms) 285 28 252 2 47(W
mean (V(B-C)rms * IBrms) 1.71 1.47 1.51 1.29|W
Total 4.56 4.27 4.03 3.76|W
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