High Precision Power Measurement of
SiIC Inverters
- With wide band current sensors -

HIOKI EUROPE GmbH

Product Manager
Shozo Yoda (Ph. D.)
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Error Factors of Power Measurement
for High Freq. Inverter Evaluation

Voltage amplitude error (including frequency characteristics)
Current amplitude error (including frequency characteristics)

Effect of noise
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Effect of Phase Error for Power Measurement
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Error Factors of Power Measurement
for Inverter Evaluation

Voltage amplitude error (including frequency characteristics)
Current amplitude error (including frequency characteristics)

Effect of noise

> o

Effect of Phase Error for Power Measurement
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Effect of noise

Miniaturiza';ign\ and High-Frequency

Wihnyy >

/=

Stylish Smart Green

Miniaturization gives us reduction in volume, and weight.
High flexibility in design
High efficiency power transformation
— Reducing resources and energy loss.

/A & ,.
AS You Koy

Power of L and C in electric circuits are defined as

2nfL and 2nfC

Frequency f have to be high to keep same power
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Effect of noise

DC/DC Converter & AC/DC Converter

Thanks to higher switching
frequencies, reactors and
isolation transformers are
miniaturized

DC/DC Converter
(Boost Chopper)

Switching Frequency: .
Around 10kHz to 50kHz N

Isolated DC/DC Converter

\
AC/DC Converter
(PFC isolated type) ZE‘%
Switching Frequency: |
Mainly 1OI(HZ to IOOkHZ N % —
Zﬂ
PFC : Power Factor Correction Interleaved PFC )/
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Effect of noise

Effects of higher switching frequency for measurement

Power Source

2 Noise g f?{ Current Sensor

e
;ff_ Bdm?q4f1

“L::_ OGlound Loop
| Power Analyzer |

O e Load R - Fjeoinion:

YT T WA ICMRR
Wire R -

‘\_ —I_CP

B s I et |

Nog' o T ShuntRE Ch [I; E

Large effects of noise with higher f for 2nifCp (Cp: Parasitic Capacitance)
Noise disturbance for Current Measurement

]
]
Current Sensor : Co
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Effect of noise

Ideal Current Sensors for Power Analyzers

To reduce the effect of noise, current sensors are desired directly connected

to power analyzer.

- Sensor output is connected to a power analyzer.

- Sensor power is supplied from a power analyzer.

- Sensor type, output rating, and power analyzer measurement range are
automatically recognized and defined.

- Superior shielded connection with one common Earth.

Connect

U U AW -
0. 0659 A
0. 0063 A
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Effect of noise

Effects of Common-Mode Voltage

Line —
B line
@ voltage

g Common-
@ mode voltage

FFT spectrum
of common-
mode voltage

400k 800k 1.2M 16M  2M
Common-mode voltage of inverter output
Switching devices emit common-mode voltage which
Includes switching frequency and its harmonic components

SiC and GaN devices give us higher switching frequency g
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Effect of noise

Achieved Better Noise Resistivity (CMRR)
Performance of Power Analyzer s

140.0

120.0 ==:;?*—#*ﬁ*_*55*m‘\
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CMRR (dB)

—¢—PW6001

(6V Range)
- Legacy Model
(15V Range)

60.0

40.0
10 100 1K 10K 100K
Freq. (Hz)
Inverter measurement: Requires better noise
resistivity

PW6001: 80dB(=0.01%) at 100kHz
—>1kVrms common mode noise results in
measured value as 0.1Vrms
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Effect of noise

Noise Immunity Test for
Power Analyzer and Current Sensors

av'_ﬁ_ﬁ' Appearance of noise

= . ¥ et g immunity test at third
' ﬂl WA"—-%'A.,A“’\\\ party organization.

&’ 3

Clered all immunity tests

in combination
If there are any problem, we can
improve either or both of power
analyzer and current sensors.
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Error Factors of Power Measurement
for Inverter Evaluation

Voltage amplitude error (including frequency characteristics)
Current amplitude error (including frequency characteristics)

Effect of noise

~ W nNoE

Effect of Phase Error for Power Measurement
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Fffect of Phase Frror for Power Measurement

Effect of Phase Error for Power Measyrement

R
° IYYYA—AAN
) ] Inverter output
Z =R+ jwl=R + j*2nfL — o  Back
electromotive
o force

Reactor’s equivalent circuit (1-phase)
Voltage

waveform

Current
waveform Current has phase lag to voltage
waveform at higher frequency.

Z00Mm(200x) That means “low power factor”.

u | Precise power measurement at
'#_,:f /__./‘ r .

e h e “»\ e VH\ / Current Digh frequency and low power

AT “"% M*’ y R waveform factor are required for inverter

20us/div and reactor loss measurement.

Voltage
waveform

Tl £ frum 'S-HG"OQBHIIIISGII
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Effect of Phase Error for Power Measurement

Power factor = 1 Power factor = Q
o o
N /N

S with / without
phase shift
correction

S with / without
phase shift
correction

0
N \ N
2 iood 4 P . 4» 7 P
Active power 1 Active power -
Error Error

Phase error affects a lot for the power measurement at low power factor. 13
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Fffect of Phase Frror for Power Measurement

Phase Shift Function to Reduce
the Voltage and Current Phase Error

30

Y00 | o WIRING

- CN.I;
0 =0 O P—0r-P—0— e }

COMMON

O
/0 -1 0'
L EFFICIENCY
ZMHz g MS

I:\.DF

18 Hz

10 100 1k 10k 100k M
Frequency [Hz]

Phase shift function
* Only one point compensates the whole bandwidth (Sensor specific frequency and
phase error)

- Hioki’s current sensors have almost no individual difference
- Hioki’s current sensors have quite uniform time delay at all frequency band

» The time resolution of phase compensation is equivalent to 0,5ns. (0,018° at 100kHz) 14
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Effect of Phase Error for Power Measurement

Effectiveness of Phase Shift Function (Current Sensor)

[OFF] [ON]
20 20
_ 10 _ 10 5
2 0 o—s—se= > ) p—8—8—8—8—a—a
=} 10 | =CT6862 S, | =CT6862
5 +CT6863 X 5 +CT6863
= -20 | ~CT6875 \\ = -20 [ ~CT6875
% -30 1 =CT6876 2 -30 | =CT6876
£ | -CT6877 AY < 4o I -CT6877
& -40 T -40
—CT6904 “\\ —CT6904
-50 b -50
1k 10k 100k 1M 1k 10k 100k 1M
Frequency [Hz] Frequency [Hz]

= Effectively minimizing phase errors at high frequencies
= Flat performance up to 200kHz
= With CT6904: Flat performance up to 1MHz 15
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Effect of Phase Error for Power Measurement

Ultra-High Performance Current Sensor CT6904

Very wide bandwidth and excellent noise resistivity achieved by:

« Broadband flux gate zero-flux method
« New opposed split coil technology

« Solid shield crafted from machined metal

Frequency Characteristics (Typical) Common-Mode Voltage Rejection Ratio (Typical)
2 4 200
0 il 2
180
\{IH \
2 < i 0 — 160 iy, IS
5. T \’\M \ = 5. ‘k\ [t
c 4 2 8 T 140 :
T m— Gain (CTE904) | 8 i ] M
a — Gain {Conventional L o g \ i
B Pass-Through Type Sensor)  {H | 120
s Phase (CTE904) \ b
B f%,n‘lermmpaﬂon =) ml-6 100 CT690_4 \r.\'\
\ —_ Conventional k
Py A A 1 A | Il g 80 Lt e T"w
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 0M
Frequency [Hz] Frequency [Hz] 16
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Effect of Phase Error for Power Measurement

Characteristic of inverter waveform

Phase voltage and line current = FFT Top 10 Results

v' Output voltage and current of PWM
Inverter are distorted waveform
consist of harmonic components

Voltage Current

¥ v' Current waveform is similar to
o sinewave compared to PWM

e e LN | Oltage.

FFT of Phase voltage and line current

i

v' Component:
Fundamental (Modulated) wave,

156 Ifnd Ucarrier
"__/Ufnd Icarrler (Switching) carrier, and their
18" 100Hz Harmonics

-- 16kHz v Voltage has components more than

J ““\\N |'||||| il ||| 100 kHz
lnrn "‘\l\p” | |‘|||| ||| Current is composed of harmonics
: || ! o n up to' 5th order as the load is
L : . reactive 17
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Fffect of Phase Error for Power Measurement

Reactor Loss Measurement

' EE. I' Voltage/Current waveform, Reactor loss (W)
| e
Battery | [ e High |:\;;gltage
L Step up 1
- reactor — E@
SW|tch|ng Frequency f : 50kHz {48 498 5 GASSKw
Apparent Power S : 3.96kVA {48 . 495 3 9B29KVA
Active Power P : 43.5W 0.350 0.01097
Power Factor A : 0.011 w26 .B58B66 89.372 °
Phase 6 : 88.41deg 7.6344 - 88.410 °

25.5713 50.0011kH=z

Current waveform: Ramp wave
3rd: 11%, 5th: 4%, 7th: 2%

Effective power is measured with
0.1 % accuracy up to 7th harmonic
components

Harmonic components
of ramp current

}33'1"“0'03,31,2““"“.“ 's-Hertogenbosch E
PN pOWER 1Cs

OQOO—=-0ONOWO—-0O0O




Effect of Phase Error for Power Measurement

Measuring an Inverter’s Output Power

Inverters generate PWM-modulated output that includes the fundamental
(modulated) and carrier (switching) frequency and their harmonic components.

What harmonic orders are needed to measure inverter power accurately?

=The ability to measure voltage, current, and phase accurately up to 5th or 7th
order of the carrier frequency is sufficient in order to measure power with an
error of 0,1% or less.

=
o
o
© Fundamental Freq. Carrier Freg. and its
'E) and its Harmonics Harmonics

Major components

I | Bowe |

1K 10K 100k 1M
Frequency [ Hz ] 19
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Measuring the Efficiency of Inverters and

Motors
N
Esu\:fi ( Inverter (

Voltage, Voltage.
Current Current

8

Bl B

iragle: :
-
CREICR

C

imE

(

|

L

Efficiency, 5 = Py, / Py
Loss, Ploss = Pj_u - Pout

Good tip for more stable and higher-precision

measurement
M Take all measurements simultaneously
M Set the optimal synchronization source
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Summary

* Electric power at switching frequency and its harmonic components shall be
measured accurately to evaluate the inverter efficiency.

* Power analyzer must have strengthened resistance to noise which is emitted from
inverter.

* As a power of inverter has higher switching frequency, it has a very low power factor
and a phase error affects an accurate measurement a lot. HIOKI offers the Phase
Compensation Function to improve this phase error.

* HIOKI is only one manufacturer in the world who develops both power analyzers and
current sensors. This is why we can offer the Phase Compensation Function and
superior CMRR for ideal power measurement.

* HIOKI’s current sensors CT6904, CT6875, CT6876 and CT6877 have high performance
characteristics.
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batenb
< urs HIOKI

mechatronica
HIOKI EUROPE GmbH

Visit booth _7for more information
and a life demonstration
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batenb
¢ urs HIOKI

mechatronica
HIOKI EUROPE GmbH

DANK U
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<> batenburg

mechatronica

7, batenburg

Roy Hali

Productspecialist

B sales-vmk@batenburg.nl
. 010-292 87 87

19 juni 20189

1931 congrescentrum ’s-Herlogenhnsch

| Ao ¥y =—T—m

e BT

B gt st oo € -

b

Hoofdkantoor Rotterdam
Stolwijkstraat 33

3079 DN Rotterdam

T +31 (0)10 — 292 87 &7

E info.mechatronica@batenburg.nl

KvK-nummer 24083445

Vestiging Belgié
Leuvensesteenweg 613
B 1930 Zaventem-Zuid
T+32(0)2 2553120
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