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Teleconference Information

Call-in toll-free number (US/Canada): 1-877-668-4490
Call-in toll number (US/Canada): 1-408-792-6300
Access Code — 754 756 534

PC’s Speakers - Audio Broadcast

To hear the audio through your PC, select the Communicate
Tab and Join the Audio Broadcast.

Recorded Presentation
A recording of this presentation will be posted under our
technical library of our web page.

Poll Questions

Please take a few minutes to answer the 5 poll questions
presented later in the presentation.
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Providing Solutions
and
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for
Electrical Power Measurements
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Overview - What We Plan To Do

> Part I: Electrical Power Measurements

= Review Some Basics

= Power Measurements Using a Precision
Power Analyzer
= Single-Phase Power Measurements

= Current Sensors
= Three-Phase Power Measurements
» 2 & 3 Wattmeter Method
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Overview - What We Plan To Do

> Part II: Power Factor Measurement
= Displacement Power Factor
" True Power Factor

=" Power Factor Measurements in Single-
Phase & Three-Phase Circuits

= Practical Power Factor Measurement
Applications
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Overview - What We Plan to Do

> Part III: Power Measurements using a
Digital Oscilloscope

= How to properly use a Digital Oscilloscope to
make Electrical Power Measurements

= Some "Do’s” and "Don’‘ts”
= Measurement Examples
= Comparison of a DSO and a Power Analyzer

» Answer your questions concerning
Electrical Power Measurements
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Yokogawa Corporate History

1930 Vintage .
Standard AC Voltmeter * Founded in 1915.

0.2% Accuracy Class * First to produce and sell electric
meters in Japan.

* North American operation
established in 1957

« World wide sales in excess of $4.3
Billion

« 84 companies world wide

* Over 19,000 employees worldwide

* Operations in 33 Countries
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Precision Power Analyzer
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PART 1
ELECTRICAL POWER
MEASUREMENTS
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First let’s Review some Basics
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Review OHM’'S LAW
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Average and RMS Values

Average, RMS, Peak-to-Peak Value
Conversion for Sinusoidal Wave

(multiplication factor to find)

Known Value Average RMS Peak Peak-to-Peak

Average 1.0 1.11 1.57 3.14
RMS 0.9 1.0 1.414 2.828
Peak 0.637 0.707 1.0 2.0

Peak-to-Peak 0.32 0.3535 0.5 1.0
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Average and RMS Values

Uouver: 160ns M52
CHZ ZApk  Tover: 160ns 1M5-5

Urms|1 120.000 V
Umnl1 119.999 V
F1 108.107 V Avg
U+pkl 169.99 V

4 Mainsi00000 i

: . . : . . lﬁD.DDDNE
AVERAGE and RMS VOLTAGE 26610620 16:55:56
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Electrical Power Measurements
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Measurement of Power

What's A Watt?

A unit of Power equal to one
Joule of Energy per Second

DC Source: W =V x A

AC Source: W =V x A x PF
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Measurement of Power

AC Power Measurement

H Active Power:
Watts P=V_ . XA, . XPF

0 Also sometimes referred to as True Power or Real Power

B Apparent Power:
Volt-Amps S =V _ XA,

20  QUALITY = INNOVATION = FORESIGHT YOKOGAWA ¢



Measurement of AC Power

118.67

0.6376 .
13.07

59.980 . 18.149.

Watts P=V_ XA, X PF=Urmsl x Irmsl x Al

Volt-Amps S =V, XA, . =Urmsl xIrmsl
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Measurement of Power

= Digital Power Analyzers are entirely electronic
and use some form of DIGITIZING TECHNIQUE
to convert analog signals to digital form.

= higher end analyzers use DIGITAL SIGNAL
PROCESSING techniques to determine values

= Digital Power Oscilloscopes use SPECIAL
FIRMWARE to make true power measurements

= Digitizing instruments are somewhat
RESTRICTED because it is a sampled data
technique

= Many Power Analyzers and Power Scopes apply
FFT algorithms for additional power and
harmonic analysis
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Measurement of Power

= Yokogawa Digital Power Analyzers and
Digital Power Scopes use the following
method to calculate power:

« P, = 1/T [ov(t) * I (¢) dt

= Using digitizing techniques, the
INSTANTANEOUS VOLTAGE is multiplied by the
INSTANTANEOUS CURRENT and then
INTEGRATED over some time period.
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True RMS Measurements

Peota = 1/T [o V(1) * I (t) dt

Upue = V1/T [0 v(tP dt

Ipms = V17 o i(t)? dt

These calculation methods provide a True Power
Measurement and True RMS Measurement on any
type of waveform, including all the harmonic
content, up to the bandwidth of the instrument.
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Single Phase Power Measurement

Wattmeter

A +

AC W -

Source T Tt; V One - phase
two - wire
V() Load

l +
I

Single Wattmeter
Method
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Measurement of Power

Single-Phase Two-Wire System

" The voltage and current detected by the
METER are the voltage and current
applied directly to the Load.

" The indication on the Meter is the POWER
being dissipated by the load.
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Measurement Results

Uover:m = = 5pd:m=
Iover:m = = Trq:m

120.02 °
1.0003 *
96.02
07998

51

0

250

T IR Lo ........ ......... ....... ........ Lo ........

C =250y

©odd 1002 (p-pd R 1EIEI 000ms

Eﬂﬂl/ﬂﬂle 02:18:56

161
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Single-Phase Two-Wire System

YOKOGAWA

Ul 150V

oIl 1A
Inteq:Reset

174 156V

OI2 1A
Inteyg:Reset

U3 156V

O 13 1A
Inteq :Reset

\,5pd
Trq

10y
10y
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Scope

®-® Probes Yolg)_lggwa

Yokogawa/GMW-
LEM/Danfysik CT System

A e
c y 1@! i ifﬁ?ifg \5
| d— )
3 = ==l LEM 2 \

= Pearson
e — Electronics Ram Meter

Shunts
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SELECTION CONSIDERATIONS

e Accuracy, CT Turns Ratio Accuracy
e Phase Shift

e 1 or 2 Degrees Maximum: Cosine 2 Deg = 0.9994
 Frequency Range

e DC to line frequency, sine waves: DC Shunts

e DC & AC: Hall Effect or Active type CT

e AC Approximately 30 Hz and higher: Various types
of CT's
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SELECTION CONSIDERATIONS

e Instrument Compatibility
e Output: Millivolts/Amp, Milliamps/Amp; or Amps
e Impedance and Load, Burden

e Scope Probes - - CAUTION! Use on Scopes, NOT
Power Analyzers

e Physical Requirements
o Size
e Connections: Clamp-On or Donut type

e Distance from Load to Instrument
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A WORD OF CAUTION

> NEVER Open Circuit the Secondary side of a Current
Transformer while it is energized!

* This could cause serious damage to the CT and coulid
possibly be harmful to equipment operators.

e A CT is a Current Source.
e ByOhm'sLawE=1IxR
e When R is very large, E becomes very high

 The High Voltage generated inside the CT will cause
a magnetic saturation of the core, winding damage, or
other damage which could destroy the CT.

31  QUALITY = INNOVATION = FORESIGHT YOKOGAWA ¢




Single-Phase Three-Wire Power Measurement

Wattmeter 1

L, ATyt
SOAl\JCr:CG T Tt; V
V(t) One - phase
three - wire
l Load
N T a -
V(t) ) v
Lzl _>A W -
Wattmete_r 2
Pr= W1+ W2

Two Wattmeter
Method
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Measurement of Power

Single-Phase Three-Wire System
(Split Phase)

=" The voltage and current detected by the METERS are the
voltage and current applied directly to the Load.

" The indication on EACH METER is the power being
delivered by the LINE to which the meter is connected.

= The total power dissipated by the load is the ALGEBRAIC
SUM of the two indications.
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Measurement Results Single-Phase Three-Wire System

Uver:m = = = = = Spd:=  Up: 156U YOKDGAKA
Iover:m = = = = = Trq:m I6: 500
Ul 106V
Il 56mU

111.86 urms¢ 393 )5 Y Integ:Reset

¥4 166y

20,796 * O T 48462 P e
111.44 > 2320 ™ o5 W

Inteq:Reset

22.613 % 2.520 U4 300U
14 54

P5 2326 AL 1 0000 Inteq :Reset
f + s 150y
* 2.496 o 0.9905 e

Integ:Reset

- \ 4.8221 09950 AV

Inteq :Reset

39.995 = o

Trqy 16V

pdate 432 Trend B 2001-08-25 14:58:56
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Measurement Results Single-Phase Three-Wire System

Upver:m = = = m = 3pd:m U6 : 156V YORODGAUA
Iover:m = = = = = Trq:m Ib: o20A

$ol 166U
foll S0my
Inteq :Reset

Uz 166y
ful2 500mA
Integ:Reset

u3 boy

13 1A
Integ :Reset

U4 Joay

14 5A
Inteq :Reset

U5 156U
IS5 S0A
Inteq :Reset

fule 150U
16 o0A
Integ:Reset

fuSpd 16V
Trq 16U

i 1IZIIII2. LF—F1 }:} é[l.IIIEIEIm5
20010825 15:69:52
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Measurement Results Single-Phase Three-Wire System

Uover:m = m = m m 5pd:m PLL Src: us YOKOGAWA
Iover : = = = = m = T]’"[I:-
: AWk

111.79 V eV ¢!
20.807 A
2.326kY

< o 2 .326kVA uz
359.61 ° 0.016kvar 12

Wiring C
PLL Src
Frequency
PUS-UE
PUS—- 15

PUS-16 1E?.14 "

u3
113

U4
14

¢\ U5

22 624 A

2.902kW "

Z.526kVA

8 .348kvar
AGT1) a.9985
P6(1) 72.92 ¢

pdate 17 Trend 20016825 15:17:65
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Measurement of Power

Blondel Transformation

Blondel theory states that total power is
measured with ONE LESS wattmeter than the
number of WIRES.

1-P 2-W 1 Wattmeter

1-P 3-W 2 Wattmeters
3-P 3-W 2 Wattmeters

3-P4-W 3 Wattmeters
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Three - Phase Systems

VCﬂ

an

Vbn
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Three - Phase Systems

Uover:= = = = Z00ns  500kS-=
1Apk [Iover:= = = = Zooms  500kS.s
FPhose Frq 12EI.I:IEU :{-{ Muin:;nnunu Hf : . .

Phase
Voltages

Measured
Line to
Neutral

Phase RS -12000°0 : : : :
- 5 . . . . . . . .
Stopped 49 Z601,/06,19 11:26:11

200, 000ms
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Three - Phase Systems

? I
b vi‘b
T Vca Four - Wire
Vv Vhe l Three - Phase
an C ] } System
vbn
Ven
N X l l

V., =120/ 277 Volts
I Vi = V3 * Vien

V., = 208 / 480 Volts

40  QUALITY = INNOVATION m FORESIGHT YOKOGAWA ’



Measurement of Power

a A A Wa i
AC v
Source b A w LE
A b
Y, Four - Wire
V., + Three - Phase
c A W, |— Load
N v
vbn
Vcn
1L
n x

Three Wattmeter PT =2 Wa + Wb + Wc

Method
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Measurement of Power

Three-Phase Four-Wire System

" The three meters use the FOURTH wire as the
common voltage REFERENCE.

= Each meter indicates the PHASE power.

" The TOTAL POWER for the three phases is the
ALGEBRAIC SUM of the three meters.

" In essence, each meter measures a SINGLE
PHASE of the three phase system.
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Measurement Results Three-Phase Four-Wire System

Uover:= = = Spd:= Rate: 1sec YOKOGAUA
Iover:m = = Trq:m=
Ul 156U

Il 1A
W Al 0.8714 Inteq:Reset

1 ¥4 156y §hase
y VA IZ 1A
08721 e

¥ 0.8708 m

Integ :Reset

0.3637 cuspd 100

Trq 16V

0.3648 Phase

Current

0.3644 &

Voltage
09.81

09.01

pdate 1516 Trend 1563 20010823 04:062:11
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Measurement Results Three-Phase Four-Wire System

Uover:= = = = 200ms  500kS.s
1Apk Iover:= = = = Eﬁﬂns 5@@]-:3;3

oFhoze A 120,000 5 L4 Maint 100000 3 5 . .
E'huj.e.ﬂ 1. IZI.ELIZI.El ........ e e e s R ; ......... ; .........

Phase
Voltages

; ; : ; : ; ; : ; Measured
Phimse i< —t: 0440 A Line to
Fhmze A : -120,0:W : : : : : : :

B R S B S Neutral

Phase
Currents

. : : : : : 200, 000ns
Stopped 40 Eﬂﬂlfﬂﬁfﬂ 11:28:55
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Three-Phase Four—Wire Vector Diagram

Uouer = = = =
[over:= = = =

Wiring X ! 47 .924
Wiring - 0.24145
PLL Src "

guI-U2 =/ 119.89 ¢ _
gu1-U3 240,03 ° 1 - :
39.78 © T g : Phase

159.21 © a Voltages
279.87 ® . - .

fU1-11
fU1-12
fU1-13

Measured
Line to
Neutral

U3(1)

13(1) -

P3(1) 3 - . :

§3(1) B9 SRR 12.789 uA
03(1) : 8.189 var
A3(1)  0.76776 X 6.76811
$3(1) 39.85 ° 39.82 °

Z001,06-19 11:21:47
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Three-Phase Three-Wire Systems

2
1
vab

Vca Three - Wire

Three - Phase

b - System
vcb
c |
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Measurement of Power

Remember

Blondel’'s Transformation

. . . total power is measured with ONE LESS
wattmeter than the number of WIRES.
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Measurement of Power 3P-3W System

Three - Phase Three - Wire System With Two Meters

a __Alw, L 1
\'/ \'/
AC Y,
Source v /J
ab
Three - Wire
+ A + Three - Phase
b — W, Load
+
vcb
C Vv l / +
A I
/ —_—
Two Wattmeter _
Method Pr=2W,+W,
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Measurement of Power

Three-Phase Three-Wire System

The wattmeters used for this connection each
measure the PHASE CURRENTS

The measured voltages are the LINE-TO-LINE
values, NOT Phase Voltage.

Thus the indications on each of the meters IS NOT
the power delivered by the PHASE of the
measured current.

This configuration is a very NON-INTUITIVE
connection!
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50

Three-Phase Three-Wire System

Z1 Trend

0

22.77

22.88
22.92
39.59

Z008-11-19 04:01:41

YOKDGAUA 4

AUl 1500
fupll 1A

Integ :Reset

Uz 156U
12 1A

Integ :Reset

u3 156U
413 1A

Integ :Reset

U4 1606V
14 56

Integ :Reset

fuUs  1600U
IS5 Sea
Inteq:Reset

fule 1600V
I6 Sea
Inteq:Reset

The method yields the Total Power as the Sum of the
TWO METERS in Phase 1 and 2. Note that NONE of the
meters is indicating the correct PHASE POWER.
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Electrical Power Measurements

= The Two Wattmeter technique tends to cause
less confusion than the three meter technique
since there is no expectation that a meter will
give an accurate phase indication.

= However, with the Yokogawa Power
Analyzers, on a 3-Phase 3-Wire System, use the
3V-3A wiring method. This method will give all
three Voltages and Currents, and correct Total
Power, Total Power Factor and VA
Measurements on either Balanced or
Unbalanced 3-Wire system.
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Three-Phase Three-Wire System With Three Meters

Z1 Trend

0

14.42
30.80

22.77
22.88
22.92
39.59

Z008-11-19 04:01:41

YOKDGAUA 4

AUl 1500
fupll 1A

Integ :Reset

Uz 156U
12 1A

Integ :Reset

u3 156U
413 1A

Integ :Reset

U4 1606V
14 56

Integ :Reset

fuUs  1600U
IS5 Sea
Inteq:Reset

fule 1600V
I6 Sea
Inteq:Reset

The method yields the Total Power as the Sum of the
TWO METERS in Phase 1 and 2. Note that NONE of the
meters is indicating the correct PHASE POWER.
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Delta Measurements

3P3W (3V3A) Connection

Normal Mode Peak Over

Scaling
AVG

139.30 v |
135.48 .

AU3rms
| [UtA]

Line Filter Time
Freq Filter =

P3psw = P3paw

Integ: Resqt )

).2422 .
0.2421
0.2436 .

0.3601

Update 2798 (500msec)

00385,

YOKOGAWA 4

PLL1:00 16.216 Hz
PLL2:M 16.216 Hz

CF:3

____ ZA(3V3A) [Xm

U1 150¢
11 14
Sync Src:IE]

150V
19 14

Sync Src:iE]

150V

|3 1A
Sync Src:iEl

__ FElement 4 [XA

U4 1000v
[4 50A
SYNc Sre:ied

Clenment o LiE

1000V
5 504
Sync Src:IH

~ FElement 6

U6 1000V
50A
Sync Src:

Motor

' Uy
Tra 20V

2011/06/14 04:46:38

Neutral
Curren
t

Phase Power Measurement Solution on 3P3W (3V3A) Connection
YOKOGAWA ¢
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3P-3W and 3P-4W Power Measurements

P3p3w = P3paw

YOKOGAWA

LUl 156U

oIl 1A
Urmns4 Inteq :Reset

uz 156V
Urns5s 12 1A
Inteq :Reset

Urnso u3 156V
I3 1A
Inteyg :Reset
Irms4
U4 166V
AL 1A

Irmsh Inteqg :Reset

U5 106V
| 1A
Integ :Reset

PEn P=B U6 1aay
c I6 1A
Inteqg :Reset
AZD

pdate 2201 Trend 20098115 862749

U, xV¥3 =U,, 5520 xV3 = 95.60
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PART 11
POWER FACTOR
MEASUREMENTS
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Power Factor Measurement

If Power Factor is the Cosine of the Angle
between Voltage and Current, then how
do we measure Power Factor on a Three
Phase Circuit?

v
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R-L-C Circuit

V., ax sin(w*t)
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Current LAGS Voltage in an Inductor

Uowver: 100m=s 1M5-5
CHZ 2Apk Iover: 160ms 1H5-5

120000, % 120223 pemmmerm——
SN (R VYTl = 44.77 Degrees
85352 S IXULVJ Cos @ = 0.70994
07095 %G 44T

= EH1 'q 200.0:W : L4 Main=100000 i

. . : : : : : . 100, 000ms
Stopped 43 2@@1/@532@ 11:69:36
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Current LEADS Voltage in a Capacitor

Uover : 160ms 1M5-2
CHZ ZApk  Iover: 160ms 1MS-s

S 120-000 U . 120'324 PT = vrms * IT rms * Cos @
st 1 00270 Q1 S 5WANN 9 = 45.09 Degrees

n 84053 TRRPTY Cos 8 = 0.70599
Mo, 70604 # D 45.09 .

={CH1 'q 00,0 U : £4 Main:100000 >3

. : : : : : . 1EIEI 000ms
Stopped 19 2@@1!@6!2@ 11:13:67
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Real World Examples

Uover:= = = = 200ms  500kS/s

lapk Iover:= = = = Z00ms  500k3/S

oFhase AT Z200.0:W : £¢ Moin: 100000 33
Phozse AY 1.000:A : : . .

Phase A -1.000:A
Phase A =200.0:Y

EHE - - b 4 ;'—I;UTH:I;H ........ ......... ......... ......... ......... ......... ......... .........

0.000s - 200, 000ms

Stopped 7@ 20010619 15:00:49
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Inductive Load
AC Motor

Current LAGS
Voltage in an
Inductor

Capacitive Load

Compact Florescent
Lamp

Current LEADS
Voltage in a
Capacitor
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Power Factor Measurement

Uouer:m = = = dons  2.5M5-s

4apk  Tover:s = = = 40ms  2.5M5/s
e PF = COS ¢ VOLTAGEY 2un.tl|]u : : : ; : ; :
CURRENT[; 4.000 A : : : : : : :

I :

e Where is the Zero
Crossing for the
Current
Waveform?

e How do we
accurately
measure 9@
between these two
waveforms?

EURRENT!E -4 000 A
VOLTAGED -zoo. 0y

Stopped @ POWER SUPPLY INPUT 1999-68-106 11:17:39
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Power Factor Measurement

For SINE WAVES ONLY
PF = Cos O

This is defined as the DISPLACEMENT
Power Factor

For All Waveforms
PF = W/VA

This is defined as TRUE Power Factor
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Phasor Form of Power

Phasor Diagram of Power for R - L Circuit

"POWER TRIANGLE"

VOLT-AMPS VAR

TRUE POWER FACTOR
PF=W / VA

WATTS P
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Power Factor Measurement

True Power Factor

Uover : d0ns  2.5M5-3
CH1 ZegUpk  Iover: dons  Z.5MS/= Cursor

0] Type

PF =W / VA P1 87.193 W
4 Cursorl Trace
PF = S1 113.753 VA -
87.193/113.753

Q1 73.056 var

PF = 0.76651
hl 0-76651 a Cur=oril ":E
: : . : : : : 3700 .4us
: 4 : : : : la Cursorz "
0367 . 2us

VOLTAGEY 200.0 ¥
I :

Power Supply Input

VOLTAGE]. —200, 1 : | : : : :
Stopped 0 1599,68,03 68:52:53
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Power Factor Measurement

Displacement

Upver:m = = Spd:m= PLL Src: u1 YORKOGAWA
Power FaCtor Iover: = = = 'ng:-

: Ol
Wiring A = 1PZW ' 114.16 V oIl

PF — Cos ﬂ PLL 3rc = ] 0.4521 A

Frequency= 69" 48.16 U

PU1-U2Z 51.61 Un uz
Between s — ¢ _ oLz

1-11
Fundamental it

Waveforms U1-13 wlg
PF = Cos 21.06

PF = 0.9332

PF=P1/S1

PF = 48.16 / 51.61

PF = 0.9332

aiting 92 Trend 92 20010820 21:62:36

Current LAGS Voltage by 21.06 Degrees

Power Supply Input
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Power Factor on 3-Phase System

3-Phase 4-Wire System
PI:Total = Z W / Z VA

PF i = (W, +W,+W;)/(VA; + VA, + VA;)
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Power Factor on 3-Phase 3-Wire System

Using 2 Wattmeter Method

PI:Total =2 W / 2 VA
PFroar = (W1 + W;) / (V3/2)( VA, + VA, )

o If the load is Unbalanced, that is the Phase Currents are
different, this method could result in an error in calculating
total Power Factor since only two VA measurements are

used in the calculation.
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Power Factor on 3-Phase 3-Wire System

Using 3 Wattmeter Method

PI:Total = Z w / Z VA
PFrota = (W; + W;) / (V3/3)( VA, + VA, + VA;)

e This method will give correct Power Factor calculation on
either Balanced or Unbalanced 3-Wire system. Note that
all three VA measurements are used in the calculation.
This calculation is performed in the Yokogawa Power
Analyzers when using the 3V-3A wiring method.
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3-Phase 3-Wire Power Factor Measurement

Uover:

3V 3A CH6 1Apk  Iover:
Measurement Method M 15.477 W

e>P=P1+P2 o7 33.980 W
«eYPF=YP/XVA m 49.466 W
> PF =49.466 / 93.060 %

e > PF = 0.53155

e How is Y VA calculated?
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Al

AL

A3

AZA

31

32

53

S2A

Zoons  500ks-=s
Zooms  S00kS/s

0.28578
0.642435
0.35393
0.53153
24.157 VA
92.905 VA
04.122 VA
93.060 VA

1999.-68-20 10:62:31
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APPLICATIONS

YOKOGAWA ¢



Standby Power
Energy Star®
&

IEC62301 Testing
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& International Standard IEC62301

€ Household Electrical Appliances —
Measurement of Standby Power

€ Hardware and Software
Measurement Solution

YOKOGAWA 4>



H This International Standard specifies methods
of measurement of electrical power
consumption in Standby Mode. Itis
applicable to mains powered electrical
household appliances.

B The objective of this standard is to provide a
standard method of test to determine the
power consumption of a range of appliances
and equipment in standby mode.
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Terms and Definitions

B The Standard also references Twenty Five
(25) IEC Standards for various Household
electrical appliances.

B These standards define the various test
parameters with the limits for items such as
THD, Power and other items for the
appropriate product.

H In the US and North America, the Energy
Star® standard is typically used for the testing
limits.
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Appliance Type

Pulse Power Mode

Example: Laser Printer or Copy Machine with Heaters

Instantaneous power Average power

|\1| lJ/ll

Power

Time
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Terms and Definitions

B Yokogawa’s Standby Power Measurement:
- Energy divided by Time > Watt-Hour/Time.

 This is the Average Active Power
measurement mode.

 This is the preferred method as it works on
both steady and fluctuating power sources
and is the most accurate method.

- Yokogawa pioneered this method with the
Model WT200 introduced in 2000.
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Power Measurement Application

3-P 3-W PWM Motor Drive Power Measurement

OEO0GAWUA Uover: 20ans  S500k3S-=
CHG 1Apk Tover: Zoons  500k5-=

3V 3A
psn 51.006 W e 113.064 V
Measurement

e 94740 VA ., 33404V Method

wn U.03838 mnsr 0319835 A Drive voltage is
typically

- 94'221,‘;&? - .27.'982. Hz measured using

AT &00.0 7 ' . the Mean value
scaled to rms.

« DC Bus
Voltage is
measured as
U+pk

Stopped O : PUM DRIVE OUTPUT 1999,08,20 11:01:47
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Device Efficiency Measurement

B Device Efficiency is Calculated as Output Power
Divided by Input Power

= Usually expressed as a percentage

B Use Two Power Meters to Measure the Input and
Output Power

= Calculate the Efficiency from the readings of the
two Power Meters

* Problem — Input and Output Readings may not be
g‘lkade Simultaneously. Possible error due to Time
ew

B Use a Multi-Element Power Analyzer to Measure
Input and Output Power

= Calculate the Efficiency in a Single Power Analyzer

= Eliminates any Error due to Time Skew of
Measurements
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Device Efficiency Measurements

Hormal Mode Uover : Spd: Update:300msec EAMP Y OROGAWA,
Iover: Tryg: Integ:Reset Wiring
? Formula 4
Wiring
Urms1{] Element [ 1 1 [ 2 110 3 11 4 1 Settings
IPIWCIVIA)IE A 1 [ 1P2W 1 A
Device ? Formula
Efficiency: §2 = ————————— x 100Lx]
[ 1 ] 4
Output P Compensation
1
= 1000+ %4 = ————— = 100[+]
[ 1 ] Element
Independent
Irms2|| Udef1 = P1 |+ | None |+ | Hone |+ | HNone | DFF ON
Udef2 = P1 | +| Mone |+ | None |+ | None | L
Irms3 d Measure
0
SEA A3 ~
32.248 ., 0.70811 =
QZA AZA
22.831 .. 0.71255
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Power Analyzer Setup Menu
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Device Efficiency & Power Loss

Normal Mode

Uover:= = = = Spd = J4

1Arms YOKOGAWA

Iover:= = = = Trg:= Jnteg:Reset

& change items

150.685
150.642
149.955
0.27227
0.27239

Urms1

Urms2

Urms3

Irms1

Irms2

0.43417

184

QUALITY = INNOVATION = FORESIGHT

PAGE = A(3v3a)
(U1 150¥rms |

119617 v q— 11 1Arms
0.80193 ., @ |5 ‘5‘::::2
'2]

", 54987,

M 057323 (, “9';'2:;:‘;':@

1Arm

Urmsd

Irmsd

/ 56.019 .
K24.1836

Motor

Device Efflc:lency
Device Loss

— 20.496

2007,09-27 15:24:48
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Power Measurement Application

Device Start Up Uover : 100ms  1MS/s

Analysis CHZ dapk  Iover: 166ms  1MS/s]  Heasure
Hode

111.238V 113.657 VA | ™ W

L Period

1.02174 A 07.237 vVar | sers cross
91.635 W 0_80624 4 Sync source

99.988 Hz 4.8781 A

Measure
Exec

200.0 W

Device Voltage

4 Measure

OFF

Device Current

User
Def ined

" 1 1 1
Mathz 7 120, 0OE+OWATTS

Cycle-by-Cycle :ﬁ B
Start Up Power JBs L

MathZ | —40. D0E+OWATTS | , , , , , , ]
Stopped © BLOWER MOTOR START UP 19998820 14:58:06

82  QUALITY = INNOVATION m FORESIGHT YOKOGAWA ’



(s

PART III
BASIC POWER MEASUREMENTS
using a
DIGITAL OSCILLOSCOPE
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Power Analysis with a DSO

Why use a Digital Oscilloscope for
Electrical Power Measurements?

« We have a "Comfort Level” using an
Oscilloscope

e Dedicated Probes & Ease of Connections
e Power Analysis Math Capabilities

e High-frequency Bandwidth

e Waveform Display & Analysis

e Harmonic Analysis to IEC Standards
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Measurement of Power

> Special Note:

When using an oscilloscope, AC Power is not
just connecting a voltage probe to Chl and
a current probe to Ch2 and then multiplying
Chl x Ch2.

This will give an AC measurement of VA,
not AC Watts.
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Measurement of Power

Remember - AC Power Measurement

H Active Power:
Watts P=V_ . XA, . XPF

0 Also sometimes referred to as True Power or Real Power

B Apparent Power:
Volt-Amps S =V _ XA,
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Measurement of Power

= Yokogawa Digital Power Scopes use the
following method to calculate power:

" P, =1/T I; v(t) *I(t)dt

= Taking advantage of digitizing techniques, the
INSTANTANEOUS VOLTAGE is multiplied by the
INSTANTANEOUS CURRENT and then
INTEGRATED over some time period.
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Power Analyzer vs. DSO

Function Power Analyzer DSO

Bandwidth DC-2MHz DC-500 MHz
Power DC -50 MHz

Accuracy 0.1t00.02% 1.5% at input
terminals, at DC
Calibrated Traceable Power approx 3.5%
Measurement System Based on Probes
DC Accuracy
Ranges Direct connection Probes for high
High Voltage & frequency & small
High Currents currents
Digitizers Typical 16-Bit Typical 8-Bit
65,536 levels 256 Levels
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Measurement Challenge: SKEW

Current clamp

e.g. 30 A, 100 MHz
model 701932

Differential probe
e.g. 1400V, 100 MHz
model 700924

Synchronous
reference signal for
voltage and current

..........

Voltage
Auto Deskew function

Current

Successful de-skew!
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Deskew Calibration

« Signal source used for adjusting the skew between a voltage
probe and a current probe.
- Many different kinds of probes can be used for power
measurements. Each probe has a different signal path
length.
- Signal source generates time-coincident voltage and
current signals. This allows you to adjust for skew
between voltage and current probes.

003,06/ 11 06:45:19 o o fep
'0KDGAUA SBGS 20nsgy Calibration T|
B B D4 Main3 10k 33 B
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BEFORE DE-SKEW

Edge CHI £ 1.
ol

Main = 3.125 k i
80.0mA ; 500ns/div

-80.0mA

-4.00 ¥
F2.900us 2.900us

4.00 ¥ Zoom1 : 625.000 i
80.0mA 100ns/div

-80.0mA

4,00 V¥

~gﬁ8.0ns 500.0ns
T

T2
AT
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AFTER DE-SKEW

WA @ 2012/05/24 06:17:48
SERIRZ I Wl 20 0mA iy 0T

Main = 3.125 k

| 80.0mA

£80.0mA

~4.00 V
+2.900us 2.9500us

4.00 ¥ Zoom1 : 625.000 i
80.0mA 100ns/div

-80.0mA
4,00 V¥
—gﬁg .Ons 500.0ns
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Yokogawa Solution:

Auto De-skew

To correctly measure the analysis parameters such as power, impedance, power factor, watt hour,
and ampere hour from the voltage and current under analysis, the voltage and current signals
must be applied to the Vertical Input channels of the Oscilloscope while preserving the phase

relationship which exists between U & | in the DUT.

Output
signals with

S casie masss no delay
ZTONsS3s YOKOGL e &
HONAL SDUNCE

c € gﬂ

A ouTPUT (TR ———
l 2+ 5v 100ma \
e

Voltage

Voltage Source Current Source

YOKOGAWA  2006/10/30 13:23:38 Normal @ Deskew CHL
Stopped

0.00ns
ns/div

ew CH3/CH4
0.00ns
0.00ns

[CHI INPUT | CHZINPUTE!

DC Full DC Full

1.00 ¥/div | 20.0mA/div

100:1 10A:1V

One-touch
Auto-Deskew

Deskew - The difference in the current probe and voltage probe
signal propagation time (skew) is automatically corrected.
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Power Analysis with a DSO

Typical Measurements

e Board Lever Power Measurements
o Switching Power Loss

e Device Power Consumption

o Switching Noise Level

e Harmonics

e Waveform Display & Analysis

e Inrush & Transients
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Power Supply Input with Power Analyzer

Normal Mode(Trg) _ —  Integ: Reset YOKOGAWA ¢
Scaling Line Filter Time e PLLI:M0 29.222 Hz

AVG Freq Filter = PLL2:[0 29.222 Hz

CF:3
T A(3VY3A) [z
Ut 150v

1 1A
Sync Src:[H

Bl 8 change items

Umsd = 118.28 v
Irms4 1.3323 A
P4 9754 w

150y
|2 1A
Sync Src:[H

SENEEEEN &

150V
3 14
Sync Src:[H

~ Element 4 [ITH
U4 150V

|4 24
Sync Sre:

~ FElement 5 [IZH

1000V
15 50A
Sync Src:[E

~ Element 6 [IZH

U6 1000v
50A

Sync Sre:

E

E

g

" Aux
V]

\ 90V
~ J Ch2 20V
14 -6.000 A

0.000s << 1602 {p-p) >> 100.000ms

Update 151 (500msec) 2012/710/31 14:00:49
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Power Supply Input with DSO

YOKOGAWA 9  2012/10/31 14:10:55
Stopped NSRS ) SIS s
2> 1.00 Ay 0@

Main : 12.5 M

L L TN L PN PR P I I PN

+50.00ms 50.00ms |

Rms(C2) 1.33213 A Freq(C2) 59.88512 Hz Rms(C3) : 156.217 VA
P 96.4987 W ] 122.849 VAR PF :
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Power Supply Input Summary

Measurement Comparison
Measurement Power Power
Item Analyzer DSO
Voltage RMS 118.28 V 117.27 V
Current RMS 1.3323 A 1.3321 A
Watts 97.54 W 96.49 W
Power Factor 0.619 0.617
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PWM Inverter Output with Power Analyzer

Normal Mode(Trg) ; — _ Integ: Reset YOKOGAWA ¢
Scaling Line Filter Time i PLL1:00 29.184 Hz

AVG Freq Filter = PLL2:00 29.184 Hz

176.18 v e
03830 A
4475 w

Bl 8 change items

11 14
Sync Src:[H

150y
12 1A
Sync Src:[H

NENEEEEN &F

150¥
13 1A
Sync Src:[H

~ Element 4 [ZTH
U4 300V

|4 1A
Sync Sre: [l

~ Element 5 [IZH
1000

) 50A

Sync Src:[E

~ Element 6 A
U6 1000v

o0A
ol L Sync Src:
o " |

&

=

o

M1 LT ' st 1 1 ||
L M “ [imy .' I J AR 1“ “;
u e T
L] << 1602 (p-p) > ‘ 100.000ms

Update 296 (500msec) 2012/10/31 14:58:02

’ 20V
Ch2 20V

1 i
| Bt
111 TR

Il

:n‘
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PWM Inverter Output with Power DSO

012/10/31 15:05:21
D 1.00 Aaw

Main : 12.5 M 10ms/div

+50.00ms 50.00ms |

Rms(C2) 395.066mA Freq(C2) 3.931065kHz Rms(C3) 178.556 ¥ 70.5415 VA
P 46.5688 W ] 52.9854 VAR PF 660.161m
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PWM Inverter Output Summary

Measurement Comparison
Measurement Power Power
Item Analyzer DSO
Voltage RMS 176.18 V 178.56 V
Current RMS 0.3830 A 0.3950 A
Watts 44.75 W 46.37 W
Power Factor 0.6632 0.6602
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DSO Power Calculation

Galc

EXPression
VG ol R —— MSES)RME(62),

g Cale 2

g Calec 3

g Calc 4
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What You Will Need

« Power Measurements with a DSO

— Oscilloscope
— Options — power analysis, probe power
— Probes
 Differential Voltage Probe
« Current probe
- High Voltage Probe
— Other
- Isolation line-transformer for non-isolated designs

(safety).

 Deskew Device
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Yokogawa’'s Power Measuring Solutions

> Yokogawa offers the Most Complete Line of
Power Measurement Products to meet the
customers Application and Budget.

> Product, Application and Software support
provided from a network of Field Sales Reps,
Factory Regional Sales Managers and Factory
Support Engineers.

> NIST Traceable Calibration provided by Factory
Trained technicians in Newnan, GA.
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Yokogawa’'s Power Measuring Solutions

|

YOKOGAWA 4 WT3000 ™

met 097770 * | M
-9.941 ¢
% 130880 w | m

L v v vall

-0.07
* D 94.075
134.64

Precision Power

Analyzers

PZADCO T

i
ooo)*

IrmsZA

P3A

00000

28.937 »
1 396 kw

TheBost infest
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Yokogawa’'s Power Measuring Solutions

Digital Oscilloscopes
with Power Analysis

Ve iy Yy e v
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Yokogawa’s Power Measuring Solutions

Portable Power Test
Instruments
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Yokogawa’s Power Measuring Solutions

600

m\ Panel and Switchboard

Analog Meters

KllﬂeJ[;ATTS 1200
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Yokogawa’s Power Measuring Solutions

Power Transducers
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Yokogawa’s Power Measuring Solutions

Multi Function
Digital Meters

&

PR300 mw
READY

YOKOGAWA ¢
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Yokogawa’s Power Measuring Solutions

0.I1SA 03A 0.75A
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Portable Instruments
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Overview - What We Hope You Learned

> Helped You With a Better Understanding
of Electrical Power Measurements

" Review of Some of the Basics

= Power Measurements Using a Precision
Power Analyzer and Digital Oscilloscope

= Single-Phase Power Measurements
= Current Sensors

= Three-Phase Power Measurements
» 2 & 3 Wattmeter Method
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Overview - What We Hope You Learned

> Part II: Power Factor Measurements
= Displacement Power Factor
" True Power Factor

=" Power Factor Measurements in Single-
Phase & Three-Phase Circuits

= Practical Power Factor Measurement
Applications

112 QUALITY = INNOVATION = FORESIGHT YOKOGAWA ’



Overview - What We Hope You Learned

> Part III: Power Measurements using a
Digital Oscilloscope

= How to properly use a Digital Oscilloscope to
make Electrical Power Measurements

= De Skew Operation

= Measurement Examples on a Power Supply
Input and a PWM Inverter Output

= Measurement Comparison between the DSO
and a Power Analyzer

» Answer your questions concerning
Electrical Power Measurements
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Thank You
For

Attending
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Join Us for Future Web Seminars
Visit our Web Site

tmi.yokogawa.com

Go to > Technical Library

> Webinars On-Demand
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Yokogawa Corp of America
Test & Measurement Div.

2 Dart Rd.
Newnan, GA 30265

tmi.yokogawa.com
Tel: 1-800-888-6400

Bill Gatheridge
Product Manager
Ext 5454

bill.gatheridge@us.yokogawa.com
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