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PRODUCTS OF IWATSU ELECTRIC

PRODUCTS (Test and Measurement Business)
B-H Analyzer
Digital Oscilloscope

Curve Tracer
Isolation System up to S00MHz BW
Basic Measurement ( DMM, Counter, Signal Generator)

Isolation Probe

Current and Voltage Probe
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Think Important Issue for Power Loss Measurement

Measuring method

— Excitation method ?
— Power Analyzer
— B-H Analyzer
— Digitizer

— Condition
— Temperature ?
— Humidity ?
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1. Power Loss Measurement by Power Analyzer
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Issues in low power factor of the power

measurement

W=0
VA = VAr

Unity power factor Zero power factor

When close to the power factor = 0, Pc=1| ms 'Vrms . cos @

Maximum of the power error at zero power factor.

Reference N4L Application
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1.2 Power Analyzer Accuracy
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FrequencyHz
21 Nov 2011 17:35 script file: Kinetiq PPA5S500 low power factor test v2.01
Automatic calibration Environment release ACE v2.33
NEWTONS4TH,PPA5530,00773,2.51
Fluke,6105A,176162845,2.12
Summary report

verify power measurement at different phase angles at 220v 5A

VA ]
frequency applied phase 1 phase 2 phase 3 deviation spec deviation spec
OK: 55.00 Hz 1.1000kvAa 1.1000kw 0.000° 7 6 1.0998kva 1.0998kw 1.0998kva 1.0997kw 1.0998kva 1.0998kw <-0.02%> [0.14%] <-0.03%> [0.14%]*
OK: 55.00 Hz 1.1000kva 1.0958kw 5.000° 7 6 1.0998kva 1,0956kw 1.0998kva 1.0956kw 1.0998kvAa 1,0956kw <-0.02%> [0.14%] <-0,02%> [0.14%]*
OK: 55.00 Hz 1.1000kva 1.0833kw 10.00° 7 6 1.0998kva 1.0831kw 1.0998kva 1.0831kw 1.0998kva 1.0831kw <-0.02%> [0.14%] <-0,02% [0.14%]*
OK: 55.00 Hz 1.1000kva 1.0625kw 15.00° 7 6 1.0998kva 1.0623kw 1.0998kva 1.0623kw 1.0998kva 1.0623kw <-0.02%> [0.14%] <-0.02%> [0.15%]*
OK: 55.00 Hz 1.1000kvAa 1.0337kw 20.00° 7 6 1.0999%wva 1.0335kw 1.0998kva 1.0335kw 1.0998kva 1.0335kw <-0.02%> [0.14%] <-0.02%> [0.15%]*
OK: 55.00 Hz 1.1000kva 996.94 W 25.00° 7 6 1.0998kva 996.78 w 1.0998kva 996.75 W 1.0998kvA 996.77 W <-0.02%> [0.14%] <-0.02%> [0.15%]*
OK: 55.00 Hz 1.1000kva 952.63 w 30.00° 7 6 1.0998kva 952.48 w 1.0998kva 952.45 w 1.099Bkva 952.47 w <-0.02%> [0.14%] <-0,02%> [0.16%]*
OK: 55.00 Hz 1.1000kva 901.07 w 35.00° 7 6 1.0998kva 900.93 w 1.0998kva 900.91 w 1.0998kvAa 900.93 w <-0.02%> [0.14%] <-0.02% [0.17%]*
OK: 55.00 Hz 1.1000kvAa B842.65 w 40.00° 7 6 1.0998kva 842.53 w 1.0998kva 842.51 w 1.0999kvAa 842.52 w <-0.02%> [0.14%] <-0.02%> [0.18%]*
OK: 55.00 Hz 1.1000kvAa 777.82 w 45.00" 7 6 1.0998kva 777.70 w 1.0998kvAa 777.69 w 1.0999%kvAa 777.70 W <-0.02%> [0.14%] <-0.02% [0.19%]*
OK: 55.00 Hz 1.1000kva 707.07 w 50.00° 7 6 1.0998kva 706.97 w 1.0998kva 706.96 W 1.0999kvA 706.96 W <-0.02%> [0.14%] <-0.02%> [0.20%]*
OK: 55.00 Hz 1.1000kva 630.93 w 55.00° 7 6 1.0999%va 630.85 w 1.0998kva 630.84 w 1.0999kva 630.84 w <-0.01%> [0.14%] <-0,01%> [0.23%]*
OK: 55.00 Hz 1.1000kva 550.00 w 60.00° 7 6 1.0999%va 549.93 w 1.0998kva 549.93 w 1.0999kvA 549.93 w <-0.01%> [0.14%] <-0.01%> [0.25%]*
OK: 55.00 Hz 1.1000kvA 464.88 w 65.00" 7 6 1.0999%kva 464.81 w 1.0998kva 464.82 w 1.0999kvAa 464.82 w <-0.01%> [0.14%] <-0.02%> [0.30%]*
OK: 55.00 Hz 1.1000kvAa 376.22 w 70.00° 7 6 1.0999%vA 376.17 w 1.0999kvaAa 376.18 w 1.0999%kvAa 376.17 W <-0.01%> [0.14%] <-0.01%> [0.36%]*
OK: 55.00 Hz 1.1000kva 284.70 w 75.00° 7 6 1.0999kvA 284.66 W 1.0999kvAa 284.67 W 1.0999kvAa 284.67 W <-0.01%> [0.14%] <-0.01%> [0.46%]*
OK: 55.00 Hz 1.1000kva 191.01 w B80.00° 7 6 1.0999%va 190.99 w 1.099%wva 191.00 w 1.0999kva 190.99 w <-0.01%> [0.14%] <-0,01%> [0.68%]*
OK: 55.00 Hz 1.1000kvAa 95.871 w 85.00° 7 6 1.0999%kva 95.848 w 1.0999kva 95.867 w 1.0999kvAa 95.855 W <-0.01%> [0.14%] <-0,02% [1.32%]*
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1.3 Reactor loss Measurement

(W) (deg,)
25 -84.0

20
15 e-=Power

10

0 10 20 30 40 (A)

' N : — ‘_—7 [ i | ’\N4L Precision Power Anaj'yzer
@\,N4L Precision Power Analyzer PP‘ @\‘

. o 98798l i , . 14431

1.0092kVA4 138544
100324Ar -13.801Ar 1.2541kVA

i
| “ 0010 -0.088 ’ L“ 1.:2541Ar
voltage 49.987V/ 45340 +000.00° 0012
curren -084.97° . . P 43.9351}
requenc

.r .l current 25- 1 18 A 307.68mA
I=

20.1904 306.92mA
11.000kHz

o frequency 11000kHz
ot ' H3 40,653mly 3.367% |
=) . dc watts 13,084l i
_— e O w — .
e e ‘_ -l - - “ b 1 )
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1.4 Power Analyzer Accuracy for Reactor loss error

«  Sin wave accuracy on the Volage Voltage
— 0.01% Rdg+0.038% Rng+(0.004% X kHz Rdg)+5mV durrdnt
« Sin wave accuracy on the Current N L AN | AN
L~ ~ N ~N
0.01% Rdg+0.038% Rng+(0.004% X kHz Rdg)+ 300pnA

* Sin wave accuracy on the Power
— 10mHz-2MHz [0.03%+0.03%/pf+(0.005% X kHz)/pf] Rdg+0.03%V A Rng
— 40-850Hz [0.03%+0.03%/pf+(0.005% X kHz)/pf] Rdg+0.03%VA Rng

« Fourier series expansion for square
® f(x) =%{sin(x)+ %sin(Bx) + %Sin(Sx)+ %sin(7x) + wee}
« Fourier series expansion for triangle

® f(x) =%{Sin(x)+ %sin(3x) + %Sin(Sx)-I- %Sin(7x) + e

The deskew can not be highly accurate measurement.
In this case, it can be measured by high accuracy measurement.
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1.5

It is difficult to measure “Zero”.

~ A problem in evaluating loss of low loss materials~

Core loss Pc when Current | and Voltage V are single sine waves;

PC=1,s Vi - cOSO

)

Sample

Relation between Phase error and loss measurement value error

Eiifj]n Loss error
v 30 \{3'?“3_3
e 60— \
P \

20 \\

Ot 0.8 0.2 0. um.z 0.5 0J4
» N

N N\
» N
-100 o \
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2. Power Loss Measurement by B-H Analyzer
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2.1 The principles of High-precision Core loss
Measurement

-Japanese Industrial Standards(JIS) \

.Standard : IEC 62044-3 Q ‘
x\ \

SY-8218/19 adopts CROSS-
=. POWER method that the
Standards above employ.

P2 P1 S2 $1
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2.2 What is the measurement principle
of AC magnetic property?

] Calibrated Points

CROSS POWER METHOD DIGITIZER METHOD
Calibrated Points l

Magnetic flux density

B(H =— IA | v,(t)dt

; J
> ADC
y Digitizer

Magnetic field strength
H(t)z N, 'il(t) _ N, 'Vs(t)
L L. - R,

C

Lc; Effective length of magnetic path

Ac; Effective cross-section area

IWATSU ELECTRIC
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2.3 Comparison of Core loss measurement by presence
or absence of phase correction

Measurement example.” core loss.” sample C
at Bm=25mT=®£2% and frequency : from 10 to 500k

&
/|

N
k_Y_

E 20 / —e— Digitizer Method
= Pov kW/ma3
X
~ 15 F —8— Cross—power
>
& Method Pcv kW/m3 Measurement example./ core loss.” sample C
10 | at Bm;from 5 to 50mT *£2% and frequency : 500kHz
5 -
/ 250
0
0 200 400 600 200 }
frequency (kHz) —~
£ 150 | —e— Digitizer Method
= Pcv kW/m3
= —=— Cross—power
_ _ 3 10 Method Pcv kW/m3
CROSS-POWER method realizes the high- =
precision measurement. 50 |
CROSS-POWER method is adopted in IEC 62044-3. e
0
. . . 0 5 10 15
Data by Metropolitan University Bm (mT)
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2.4 What is CROSS-POWER method ?

. B-H Analyzer
Adjusted , —
Primary secondary winding
winding for fior flux density
excitagtion: detection: N2
L Nl
", #
Chatypnat
f resistance Ro B
: Output . Chy infuce Secondd
mductance Lo wolt voltagd: induced A-D
&f Vim voltage: CONY exigr
e F'Jf APRUET Copent shunt Vim
excitat -i -f POWER. resistor: Rs
LFLIFI L ', FFT./IFFT
- unction
Lnplitude
permeability g2
Chtpnrt poaser
consurapton: A-D
Pom COHV eTter
1 Excitabion current
AdJUSted detecton woltaze: DuT
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2.5 Comparison between Digitizer method
and CROSS-POWER method

Both Digitizer and CROSS-POWER methods capture excitation current waveforms
and inductive voltage waveforms through time sampling as the time axis waveforms
(sampling data).
However, these two methods are distinguished

by the way of dealing with the time axis waveforms.

Digitizer method executes the time integration calculation directly as the time axis
waveforms.

CROSS-POWER method, on the other idea
(1) converts the time axis waveforms into the frequency spectrum
and executes integral calculation with no phase difference
and compensates the amplitude and the phase error of current detection
Sensor.
(2) executes the compensation of the amplitude and the phase property
of the detection circuit on the frequency axis.
(3) captures the time axis waveforms with little error by returning the frequency
spectrum having the error compensation to the time axis waveforms.
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2.6 B-H/ Core loss measurement

B-H Analysis Core Loss Feature
e T . 8 - Excitation condition

Le: IPEEEE) [ma] Ve:[ 1711 [mmd] N1 : 37 . Hm 130 [A/m]
he: 2.04 [mmf] We: 12 gl N2: a7 Toterance : & [ 2 [%l

e e P Change in Temperature

B-H

Bm 10768 [mT]
L oI v o : aroga mT)
Hm 129.10 [A/m]

gl e— -Evaluation under a condition equal

BI/Bm: [ ggsad

o — to an actual use condition

Pov ¢ 8.0279 [KW/md)
Pem 11447 [W/kgl
(I 73443 ldegl
2ém 4.3932E06 (Wbl
Vam = [ 01064 V]

PC40 20T Pcv | Sample |

Cuniiﬂu.laiinns [kW/ m 3]

Average: 16 Pod Type : SY-851  Pwr Amp Goin : 10

Retry : 8 PwrAmo: HSA4101-W 1 2 0 0

Mov-hva: 3 OSC-0UT: =01

IWETSL 5Y-3218 2010-03-04 08:51:04

S e N —=— 200kHz 100mT

Le: [ gaers (mml We:[ 1711 [mmd) N1: 37

Hm | 130 [A/m]
ac: BIEYTY [mm?] We:[ 12 lal  mW2:[ 37 | | Tolerance: £[ 2 %] 800 —— 500kHZ 50mT ]
Mode Select Cursor Valugs Measured Values
BH Curent fef.  H: NN - pn — 1o76s Iall

® o VNN [ 5mes Tl 600
_ Hm [ 128410 IA/m]
(=7) /aiv [ 7 Y
- He & [ 36912 [A/n]

Br/Bm: 08534 400 [

['F] B 55372_

Pe 1.3738E-03 W]

Pov 80275 KW/ m)

Pem i [ qiaay W/kel 200

LA 73.443 ldeg]
L L 4.3932E-08  [Whl
Vim, 0.1064 (V]

0

I

Configurations

-30 20 70 120

Retry : & Pur Ame : HSALA01-IW [0 ]
Mov-Aw{3 | 080-0UT: <03 temp.[C

IWATSL 5Y-8218 2010-03-04 08:52,00
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2.7 B-H/ Core loss measurement

l:: S5Y-810 - Manual Meas. - 5Y-8218
Contral  Setting

Scanner Chamber
Parameter |B-H-Hm hd SetPos. W Tolerance|0.1  “C SetTemp 21 °C Set | Stop
¥ | sample CurrentPos. Time | 00:04:44 Current Temp. ’C Run
Le |53.3 mm Pod Type 0 Bm 0.4088|T phase 7223 | deg
Ae [20.4 mm2 Cail 2 Br 0.1969| T 1m 1430 A
Ve |1090 mma3 Tolerance(%) 1 Hm 134.2| Alm V2m 2747V
We |54 q Average 8 Hc 24 45| Alm
N1 |5 Retry 8 Pc 4229| mW
N2 s Mov-Aug 1 Pcy 3880 | mWicm3
Rw ohm P-Gain 1 Pcm 783.1| mwig
Function |[Sine ~ 08C-0UT Auto ua 2425
Freq  |l100 kHz Bi/Bm 0.4817
Fix Hm 2phaim 1.668E-05| Wb

iv

02 TH

© Without Wave

0 T
50 Almidiv

| 00:00:25




2.8 Constant Temperature Chamber Scanner System

T— Constant Temperature Chamber —

Control PC l Scanner System

Products to be

Temperature: -30 to +150°C
Samples: Max. 41pcs

B-H Analyzer
SY-8219

£‘10H2’-1MHE

Power Amplifier
IE-1125A

350VA. 140V, 5.2A

es
SY-510:No. of samples Max. 20pcs
SY-511:No. of samples Max. 41pcs
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2.9 Is the target Magnetic field (Current) or
Flux density (Voltage) ?

Hm designated method:
Designate Hm (Max.Magnetic field)

Bm designated method:
Designate Bm (Max.flux density)

Current designated method:
Designate Excitation current

Voltage designated method:
Designate Inductive voltage

IWATSU ELECTRIC
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2.10 Hm method

Keep measurement frequency constant and excite the sample slowly.

Capture the excitation current waveform and the inductive voltage waveform and
calculate magnetic field waveform by the excitation current waveform.

Adjust the output voltage of power amplifier manually or automatically so that the
maximum value is within the tolerance level of the targeted magnet field.

B
After the adjustment,
calculate the saturation magnetic flux density Bs,
etc. with B-H curve calculated

from magnetic field waveform
and magnetic flux density.

This method is suitable for the measurement of
saturation property
such as saturation magnetic flux density,
residual magnetic flux and coercive force.

N—
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2.11 Bm method

a. Keep measurement frequency constant and excite the sample slowly.

b. Capture the excitation current waveform and the inductive voltage waveform,
and calculate magnetic field waveform
by time integration of inductive voltage waveform.

c. Adjust the output voltage of power amplifier manually or automatically so that the
maximum value is within the targeted magnet flux density Bm.

d After the adjustment, calculate time integration of multiplication of excitation
current waveform by inductive voltage waveform, and then calculate core loss.
B
e. Calculate the phase angle by the ratio
between Core loss and Appearance power,
and the permeability at Max. magnetic field Hm /
via Max. magnetic field and Max. flux density,
ie. the amplitude ratio of permeability respectively. / H

f.  This method is suitable for the measurement of
property for the large amplitude such as core loss,

amplitude ratio of permeability, phase angle, etc.
IWATSU ELECTRIC 21




2.12 Outline of DC bias tester

o is available with SY-8219 and future
B-H series.

@ Continuously-variable current value is available.

@® DC bias non-sine wave (chopper excitation) is also available.

@ DC bias current of Max.30[A] is supported.

@ Ripple current of Max.5[A] is supported.

@® Measurement frequency: Max.3MHz(sine wave )

@® Measurement frequency: Max.1MHz( Chopper excitation)

Main target is 5 [Ay]

““_ SMD power inductor ! DC bias non-sine wave

Toroidal is
supported,
of cource !
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2.13 Measurement method when DC bias is overlapped
with toroidal core

|1 (t) N,: Numberof  N,: Number of
. primary winding secondary winding

Sine
wave
oscillator

f (~v

The excitatjon R
frequency S

A
\ 4

V, (t) 5o L N,: Number of

tertiary winding

DC current generator
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2.14 Measurement method when DC bias is overlapped
with a chip inductor

primary winding

Il (t) Capacitor N;: Number of
A

—1 I
Sine wave
oscillator
The excitation R SY{931
frequency q DC current
genegrator

AW~

Capacitor
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2.15 An measurement example of DC bias tester
on chip inductor measurement (Pulse excitation)

DC Bias 41 B- AH Curve (100kHz ,Pulse,Duty25%, A1,=0.5[A] )

| &
m

-l
1L [A]

-04
t [gac] ¥ 107
03
AH [A/m]
-40 -30 de=26a] 40
+ ldc=2.4[A) E
- Idc=2.2[A) % ............................................
+ Ide=2.0[A] y i 4
- Idc=1.8[A] a2 i : ; ;
idc=1.6[A] 0 0z 04 T3] ns 1
003 t [sec] x 10

DC Bias Coreloss AP, (100kHz ,Pulse,Duty25%, A1,=0.5[A])

5.0E-03
4.5E-03 |

4 0E-03 |

2.5E-03 |
2.0E-03
a 0s 1 15 2 2.5 ]

lac[A]
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2.16 Chip Inductor

Mun ghenafy B [ T]
=
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2.17 Toroidal Core Inductor

ineremaial parmsability .o

1 .4-H,. [.4B=20 [mT] .Sin)

1035 L)

D€ magnratc field M, [Am]

Lampls Paramatery acied Corcitany e
T R Fp— = 4 4 S, rvu.

o i P ) e - e b e w0 (i)
it 1400 [mEl W 12avd Damtp NE B rs

..... - Sl p—_1 | ] | a8 B ™ =Tl
" vea lmaflme [ ol W i m —— 7 Ml
: ot [ N

:
i
i
i

——dn o]

=4 B0 erir

b -ileg 3

TR =Tk AL N 0 T
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2.18 DC-Bias Sysytem

Pulse & Sinusoidal with DC biasing

| I ter it iti — o
S:’z:T:N'Z::aE‘*_EIS— S— Excited Conditions —
ample Function : Frequency : T 1o [kHz]
le:[ 534 (mm] Ve:| 22695 (mmi] N1: 23 T [ 48 [ 20 [mT]
Ae: | 42,5 [mm?] We:| 5 [g] N2 : 23 NG Tolerance : = 1 %]
Mode Select Cursor Values . outy - [NNNEE (%]
Sl R H I ' LIRS 0.01[EN)
peT & B: I V: Measured Values
APey ;| 12224 [kW/m#]
I 7] div Apem @ | 05648 [W/Xal
] 68.279 ldes]
ud 386.04
48 20.043 [mT]
4V | 12528 V]
4H 41317 [A/m]
AL 9.5927E02 [Al
B! 43071 [A/m]
dPe | 2.7742E03 (W]
= — 'ﬁ!-r @ : AVA 7.4960E03 VAl
L1 e — . J ﬁ
). ﬂ r f‘
‘ e —
1 —
- | | ]
- o | i ———

Configurations
Average: 16  Pod Type : SY-960 0SC-0UT: x 0.1

Mov-Avg : 3 Pwr Amp : HSA4014-IW Retry : &

e

'-8218 2015-02-26 10:00:58
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J
f

| b
\ AN
o
-4
%\

Sample Parameters Excited Conditions

Se e ume:| ji e Funclion: Frequency: [ 1 [kHzl
Le.‘ear ] 6 53 1 \\Y/4 |8 | Hm T (A/n]
A= G S N A S5 L N —
Mode Select Cursor Values Measured Values
gy et H:EEE E Bm ;| 114.43 [T
® N VEEEE s | 10157 [mT)
- eae 40.°57 [A/m]
1 D .
B " o 35 [A/nl
1.8 % .86,
Wa . 22614
Pe | 1.8128E-02 [WI
Pev [ 28301 [kW/m']
Pem : [ 14738 W/kel
8 Ny 75.935 ldeg]
-tm 2.3458E-05 (Wbl
/' J 1B 554,51 [(mV]
DT A
[—— =g |
(TR~ == v - o

Average : 8 Pod Type : SY-951 Pwr Amp Gain : 10
Retry : 8 Pwr Amp : HSA4014-IW
Mav-Aug: 3 QsC-0UT: x 0.1

yetting MeaSur

10 BT . |fi'.
IWRTSL 5Y-821¢

- ~
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Future Events and Contact us

® Contact Us
IWATSU ELECTRIC CO., LTD.
Overseas Sales Sect. Sales Dept. No.2,
7-41, Kugayama 1-Chome, Suginami-ku, Tokyo, 168-8501 Japan
TEL : +81-3-5370-5483
FAX : +81-3-5370-5492
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