BERELSEHERTED,

Journal of the Faculty of Engineering, Shinshu University, No. 41, 1976
FEMRFTHMEE 4%

JE N Boris 20Hz ~ 20kHz (2 317 %
BT

[ —* i PR e
(IR3AI514E10 4 30 H 323)

A Single Sheet Tester for the 20Hz-to-20kHz
Frequency Range

Hajime YAMADA, Hiroshi NAKAMURA and Hiroshi KATO

The 25cm-Epstein testing method is widely used in the measurement of iron
loss and magnetizing characteristics of the electrical iron sheet which contains a
silicon steel sheet, However, as the needs for the automatic instrumentation and
non-annealing use of the oriented silicon steel sheet are increasing rapidly, there
is strong dissatisfaction that the 25cm-Epstein device is limited in its application.,

Recently, the appearance of the single sheet tester (SST) has made it possible
to respond to the above needs. The performance of the SST is very actively being
investigated, especially in Japan,

In this paper, the constitution and principle of operation of the SST for high
frequency, the power transducer using an IC multi-plier, and some examples of
iron loss measurement, are described. The SST developed by the authors will be
able to measure not only the iron loss of commercial frequencies but also that of
20 kHz order, The SST will present an effective means to analyse the correlation

between magnetic materials and electrical machines.
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List of symbols ;
A :cross section of a single sheet [m?]
Ap :cross section of B-coil [m?]
Ay :cross section of H-coil [m?]
a  :radius of calibration coil [m]
B :flux density [T7]
By ¢ flux density, peak value [T]
D :density of a sheet (7.8 x 108kg/m?3 = 7. 8g/cm3)
Ew :output voltage of dc voltmeter corresponding to the iron loss [V]
f  tirequency [Hz]
H :strength of magnetic field [A/m]
H,, : strength of magnetic field, peak velue [A/m]
h  :length of thin solenoid [m]
I : current of solenoid, rms [A]
Ky :ampification factor for B-coil
Ky ¢ coefficient of integrator for B-coil
Ky :amplification factor for H-coil
Ky, @ coefficient of integrator for H-coil
{ : length of a sheet [m]
m :mass of a sheet [kg]
N  :total number of windings [turns]
Nz :number of windings of the exciting coil [turns]
Nz :number of windings of B-coil [turns]
Ng :number of windings of H-coil [turns]
P : effective power [W]
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4 : time [seconds]]

Vy :induced voltage in B-coil, rms [V]

Vi :induced voltage in H-coil, rms [V]

vp :induced voltage in B-coil, instantaneous value [V]
vy ¢ induced voltage in H-coil, instantaneous value [V]
W  :iron loss per unit mass [W/kg]

a =Ap/A

1 =Wl : permeability of a sheet [H/m]

#, : permeability in vacuum [H/m]
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Table 1 The specification of IC multi-plier AD 530

A, maximum error in multi-plication

characteristics + 1.5 [%]
B. dynamic characteristics

a. small signal band 1.0 [MHz]

b, full-scale output band 750 [kHz]

c. small signal amplification error 1 %7 (75 [kHzJ)
C. temperature coefficient of output

off-set voltage 0.5 [mV] (p-p/c°C)

Table 2 Specifications of a power transducer

1. frequency range 20 [Hz1~ 50 [kHz]

2. measuring error 0~4[%]

3. power measuring range 1[W]~250[W]

4. power factor below cos 85° = 0,087
5. time drift 0.4 [mV] p-p/20 [min]
6. warming up time 50 [min]]
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Table 3 Specifications of the specimens,

SPECIMEN G 10 S12
SIZE ; 300 x 60 x 0,35 [mm] 300 x 60 x 0,35 [mm]
MASS } 7.7 [g] 475 [g]
B1 | 1,660 [T
B3 } 1.419 [T
B1o | 1.852 [T] 1,525 [T]
B \ 1.916 [T
Bso | 1.694 [T]
Wins | 0.41 [W/ke] 0.81 [W/ke]
Wiz | 0.9 [W/hel | 2.36 [W/ke]
Wir/so 148 (Wil |
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Fig.18 Relation of iron loss per cycle and frequency.
Specimen is material G10.
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Fig.19 Frequency dependency of the iron losses per cycle W/f, of
specimens G10 (3% Si-Fe, 0.35mm) and permalloy (50% Ni-Fe,
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[T7 and 1.4[T] respectively.

m3

I IS Me = 47. 7TX 1073 X 130/300 = 20. 7X10-3[kg], Ve = 0.35X60X 130X 109 =
2. 73X 10-8 [m?].
LoaL, ShboF—2TRRBOES, WMHEEENLICRL D120, ThbORKH

BRI S DIRR ZARFERSBDETH S 5.
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Fig. 194%, KX (30) ZHWT, ko 230 G10(3 % Si-Fe, 0. 35mm) & 50 permalloy
(50% Ni-Fe, 0.1mm) ic 2\ TORER F EETAER T oG EHELELOT
BLH. ZhbDF—ahb, THMEETUR (F= 10Hz) T 7r=0.5 BETH S,
RN EE (f=10kHz) T r220.9 &b 7=1 i biown, oz 2, By
SPTHEIMBOREELER LT DA, Tkt hBTh 5.

5 & & M &

B, SST MR ORBCIE ST B, #EKO 25cm = F A x4 VEE LD
LEVEI IR, WEESWDL UD L BE SN b5 8»nH 5. Lih-T, SSTK
ST BMFRAIBEIE E Vo255, ZORRCEEFRLHELYETLTHAS S,

AR T, ZhbDESY ML T, SST TR 20 kHz o — £ F THHIERN
TRETH D Z LhiR L. L, FRFRTEMBELEL S, SBOMESLHT 2 &
BFoksTchs.

1 PHAARN SRS BT, BB S S ORI O = T A 2 4 vEBIZ L B
TR O YR I B DB ARI N TS, OB, SST OMKEE D X b W)
W fEHT s DIFET NETHH 5.

2 EREFEEC VT, FROWMIERHDEM, Ha A r, SEREE =4 AR L
g — 7 RO BT 2 21 v, RO ERA FR IR TV B,

R BOMHC VT, IROFEEOESTD D fois,

AR, AT R B 1B D A & o 73kt (Ble, W), REE (BE,
HAREESR) B Xo—ops BiE Baoi) o=ZFeiErEdTs s e bic, {fik
WE 52 bRICTERHES - WHEMRFBEME AT BREIRCHT L bOCE A%
(B ERT DU TS .
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