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10 THIBEY 7 Xy MEFICBT BEHH ,
A KM ¥ XBkHE 5O Side Scatter/Forward Scatter @ Dot plot &/~
B AROKRLEHEEHTY -5 1 > 7 LIMBEEC BT 5 CDS3 positive cell

DR

C BEX®»CD3 positve cell # (217 %5 CD4/CD8 Dot Plot /R

#5 B (14 HE) ELEMEY > 7VICBIT A THIEY 74 v MEFORKER

cage control (n=11) Sham(n=12) 3.8mT(n=12)
CD4/CD8Lk 1.82 =+ 0.16 203 &= 0.34 200 =& 0.28
CD8+/CD4+ (%) 1.68 -+ 0.41 1.54 =+ 0.21 1.53 =+ 0.40
CD8-/CD4-(%) 0.73 =+ 0731 077 & 0.8 0.77 £ 0.43
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[SENOE- 20 20 1 20
FRPDEE IEROB | 220 =+ 9 219 =+ 10 221 =+ 11
78 245 + 10 246 =+ 13 248 + 13
18H 302 £+ 9 309 =+ 19 323 =+ 22
20H 333 = 17 329 + 31 347 =+ 22
RAEEME ()
RO B~20 HET 112 =+ 15 110 = 27 126 =+ 18
IKEHB IR 7 B~17 BET) 50 =+ 9 50 + 8 61 =+ 10
#£7 BEOMEELFERRAL
ST AN b= 3ha-W
ALB Mp7ILTI g/dL 3.46 + 0.38 3.48 + 0.30 3.68 + 0.44
ALP TVRYMER AT PR~ 1U/L 136.85 =+ 59.15 146.85 + 52.13 138.20 +  50.69
ALT GPT /L 46.75 +  7.33 46.35 +  10.48 49.90 + 6.36
AMY TI5—Y 1u/L 1300.8 =+ 153.7 1268.4 =+ 92.0 1221.3 +  133.3
TBIL BEYLE Y mg/dL 0.30 +  0.00 0.30 + 0.00 0.29 + 0.03
BUN REEE mg/dL 17.35 +  3.42 16.90 + 2.63 17.50 + 2.31
CA HIT L mg/dL 10.09 +  0.65 10.10 + 0.32 10.23 + 0.42
PHOS % mg/dL 6.26 + 1.06 5.88 + 1.12 6.42 +., 1.01
CRE JLTF mg/dL 0.36 + 0.08 0.31 + 0.11 0.32 + 0.09
GLU JIa—2X mg/dL 161.0 + 35,1 157.4 + 18.8 171.9 + 27.1
NA Pl Ry N mmo | /L 133.8 + 2.1 134.3 + 2.1 134.6 + 1.4
K Hry L mmol /L 5.43 +  0.70 5.33 + 0.61 5.61 + 0.64
TP a8 g/dL 5.79 +  0.36 5.85 + 0.35 5.96 + 0.42
GLOB JaJur g/dL 2.33 +  0.19 2.40 + 0.19 2.26 -+ 0.20
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#8 HHEOIMERIEA

e BIEE Sl g5 T

WEC B M 10mL | 8.26 £ 2.09 | 11.14 * 4.49 | 9.31 * 3.78
LYM o SER 10%/mi 4.54 =+ 1.9 6.78 + 3.57 | 59 =+ 3.27
MON BBk 10°/mL 0.58 * 0.20 0.68 = 0.40 0.60 =* 0.33
GRA SRMIBR 10%/mL 315 £ 1.02 3.69 £ 1.34 2.80 * 1.23
RBC LB 109/mL 6.33 £ 0.29 | 6.47 * 0.3 | 6.31 £ 0.39
HGB AESOEY g/dL 1224 * 071 | 1221 + 0.73 | 11.86 £ 0.70
HCT ARMYgb % 34.60 + 1.86 | 34.95 + 1.95 | 34.06 * 1.95
MCV FMEES fl 5410 £ 2.15 | 5410 =+ 1.59 | 5400 =+ 1.95
MCH FHATSOEVE be 19.18 =+ 0.5 | 18.88 + 0.61 | 18.83 =+ 0.62
WCHC | THARTOEVEE | g/d 35.37 + 1.12 | 3491 £ 0.86 | 34.88 * 1.15
RDWe Fr IS FE % 13.94 £ 0.47 | 1415 £ 0.48 | 1428 =+ 0.64
PLT /iR 109ml | 620.1 *+ 216.2 | 582.5 + 232.4 | 608.6 + 221.3
PCT M/MR% % 0.45 + 0.14 0.43 £ 0.15 | 0.47 % 0.15
WPy | PHIUNERE fl 7.50 £ 0.97 7.70 + 1.07 | 7.97 0.9
PDWe - /R4 7S % 33.39 + 2.25 3418 £ 2.4 34.35 = 2.70
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13<E&E S la F=y avkn-)b
BEROBH 20 20 20
AR 271 276 262
136 & 1.7 138 =+ 12 135 + 14
R 1 i 16
AR 1 2 1
BERE+ETIRE 12 13 17
feEFRIE 259 263 245
BHh-YOERRER 130 =+ 20 132 =+ 12 12.3 + 1.9
iRt 127 : 132 138 : 125 131 : 114
FAAHEE® 490 524 534
B T-Y DA X HEZE®) 488 = 130 529 £ 118 53.0 + 95
IBIRFE (FR) () 349 = 035 355 = 030 3.62 + 0.39
FRIRAE(AX) () 334 = 029 338 + 033 340 +

0.39
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F<E DA F—yavbn-) &5t
NEHE
BERRH 128 / 20 130 / 20 122 / 20 380 / 60
EERRHY 0/0 0/0 0/0 0/0
(BRERBRR 0% 0% 0% 0%
HEEST
BERRY 128 / 20 130 / 20 122 / 20 380 /60
ERRREH 0/0 2/2 2/2 4/4
(BERR W 0 1.5% 1.6% 1.1%
(RER) HETIHREREE 0/0 0/0 1/1 1/1
HETHREERSET 0/0 0/0 1/1 1/1
DEREEEEE 0/0 0/0 1/1 1/1
DEREHESRE 0/0 /1 0/0 1/1
DEPRIIE 0/0 1/1 0/0 1/1
BBEHER
BERREH 131/ 20 133/ 20 123 /20 387/ 60
BEERRH 1/1 5/3 0/0 6/4
(BEBRRE % 0.8% 38% 0% 16 %
(WR) KHE—2E81L 1/1 5/3 0/0 6/4
i A=va
BERRES 259 / 20 263 / 20 245 / 20 767 / 60
BEEBRRE# 1/1 1/4 2/2 10/7
(BRERRE % 04% 27% 0.8 % 13 %

*1 BHELREBRLHS,
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NEEE
BRERRH 128 / 20 130/ 20 122 / 20 380 / 60
BEEIRRH 37/ 16 46 /19 47 /17 130 / 52
(BHBRR % 28.9% 35.3% 38.5% 34.2%
(RAR) OECATES 37/ 16 46 /19 47 /17 130 / 52
BEEER
BRERRH 128 / 20 130 / 20 122 /20 380 / 60
BEERRE 30/ 17 49/ 16 35/18 114 / 51
(EERR % 23.4% 37.6% 28.6% 30.0%
(RER)  eIRZEEhER 26/ 16 46 / 15 31/18 103 / 49
EREF R 4/3 1/1 3/3 8/7
4 2R3 1/1 5/4 3/3 9/8
BBER
BRERREH 131 /20 133 /20 123 /20 387 / 60
BEERRE 20/ 9 26 / 14 21/13 67 / 36
(RERBRE % 15.2% 19.5% 15.7% 17.3%
(MER") B ET o ~ILIKEE 15/8 17/ 10 17 /12 49 / 30
s/NBRIE 4/4 6/3 6/4 16 / 11
B 0/0 1/1 0/0 1/1
BME (R AR 0/0 1/1 0/0 1/1
BRI E 2/2 2/1 0/0 4/3
EREE
BERREH 259 / 20 263 / 20 245 / 20 767 / 60
BRERRH 75/ 19 101 / 20 87/ 20 263 / 59
(EEIBRRE % 28.9 % 384 % 355 % 33.4 %
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for a Biomedical Reserch

Shintaro Kogure, Keiji Wada, Yukihisa Suzuki(Tokyo Metropolitan University)
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Abstract

This paper presents an alternating magnetic-field generator at 20 kHz for biological research using a
single phase inverter and a series LC resonant circuit. Both single coil and multiple coil magnetic-field
generators are designed and their effectiveness is confirmed by analytical and experimental results. These
results demonstrate that the magnetic-field generator can produce 8 mT at a frequency of 20 kHz at the
midpoint of the single-coil with low distortion of magnetic flux waveform. Additionally, the multiple-
coil magnetic-field generator produces the distribution of uniform magnetic flux over a larger volume
than the single-coil magnetic-field generator.

Introduction

Recently, induction-heating (IH) cooking apparatus (hobs) have come to be widely used in homes and
restaurants in Japan. The IH cooking apgaratus (hobs) have diffusion rates of over 10%, and it is thought
that this value will increase in the future because the IH cooking apparatus (hobs) have several advantages
over conventional gas and electric cookers. An alternating magnetic field with frequency range 20 kHz to
100 kHz is used the fundamental heating fre(%uency for the IH cooking %pdparatus (hobs). The alternating
magnetic field induces eddy currents in metal pots and pans and these eddy currents generate heat due to
the electrical resistance of the metal. Many technical papers have been presented on IH cooking apparatus
(hobs) for home appliances [1] and industrial applications [2], and they consider how the efficiency of
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Figure 1: Prototype of the magnetic field generator
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the inverter circuit can be improved. In particular, the circuit topology or the control methods of the
inverter circuit has been discussed in detail.

Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields have been
produced by the International Commission on T\Ion—lonizing Radiation Protection (ICNIRP) [3]. These
guidelines specify that exposure to fields should be less than 6.25 4T with frequency range 300 Hz to 10
MHz in the proximity of an IH cooking apparatus (hobs). Moreover, the Environmental Health Criteria
238 of the World Health Organization (WHO) recommends that research be conducted into the possible
health effects of exposure to electromagnetic fields [4].

Biological research undertaken by a university and a research center has evaluated the leakage flux from
an IH cooking apparatus (hobs) [5] ~ [10]. A magnetic-field fenerator, which generates alternative
magnetic fields with frequency range 20 kHz to 100 kHz, is used for biological research. Fig. 1 shows
a ¥rotot pe of the magnetic-field generator designed for biological research. The coil structure is a
solenoid and does not contain any magnetic materials, and cells in culture dishes are inserted inside the
solenoid coil. Based on this design, the solenoid coil is required to generate the uniform magnetic field
over a wide area. A conventional magnetic-field generator can produce less than 1 mT at 20 kHz, and
consequently a linear amplifier is used to amplify the field [11]. However, the linear amplifiers have low
efficiencies and are bulky and costly.

This paper proposes an alternating magnetic-field generator at 20 kHz for biological research using a
voltage source inverter and a series LC resonant circuit. This paper describes the design procedure of
an alternating magnetic-field generator. The generated magnetic field and inductance of the coil are
calculated by complete elliptic integrals given in [12] ~ [14]. Moreover, this paper proposes a multiple
coil structure for generating the more uniform magnetic field. In this case, it is necessary to calculate
the mutual inductance between the coils. The total inductance of the coil (that is the sum of the self
inductance and the mutual inductance) is calculated by [15].

The validity of the coil design is confirmed by the experimental results. These results show that the
magnetic-field generator produces 8 mT at 20 kHz, and its magnetic flux waveform has low distortion.
Finally, it is found that the distribution of the uniform magnetic flux volume of the multiple-coil generator
is 2.2 times larger than that of the single-coil generator.

System Configuration

Circuit Configuration

Fig. 2 shows the circuit configuration of a magnetic-field generator that consists of an voltage source
inverter and a series LC resonant circuit. The inverter rated at 280 V and 25 A is used as a single-
phase full-bridge inverter with four IGBTs. The duty ratio of the inverter was set to 50%, so that i;, was
controlled by the DC voltage Vpc. Table I shows the circuit parameters of the inverter. The generator
produces alternating magnetic field with uniform distribution at 20 kHz inside the solenoid coil. The
strength of magnetic field depends on the current i1, and the number of the coil. Here, L, is the inductance
of the magnetic field generating (air core) coil and C, is the capacitance of the resonant capacitor. R is
the resistance of the wire.

Magnetic-Field Generator Coil

The magnetic flux distribution in the magnetic-field generator coil is calculated for the following coil
design. Fig. 3 shows the I})larameters of the magnetic-field generator coil in a cylindrical coordinate
system, where a represents the coil radius, £ is the coil length, and r is the radial distance from the central
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Figure 2: Experiment circuit
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Table I: Circuit parameter of the inverter circuit

Rated input voltage DC280V
Output frequency 18 kHz ~ 22 kHz
Rated output current 25 A
Dead time 3.5 pu sec
Output waveform Square (50 % Duty)

axis. The z axis corresponds to the central axis of the coil. The theoretical magnetic flux distribution in
the cylindrical coordinate system [12], [13] is given by

I -2
Hy(a,rz) = Klar)+X " "% par, |
) = A KDt iy p e m
d a*+r’+7
H a,nz) = {_‘K a,nz —i— E a,r,z} 2
) ) 2nry/(a+r)*+ 722 ( ) (a—r)2+22 ( ) (2)
|H| =/ H} + H? &
3 1
Kk) = | ———=de "
-2
0 1—k2sin“0
E(k) = /O P V1 k2sin?6de -
dar
S i — ;
(atr)?+22 (6)
The magnetic flux B is defined by
B = uoH, o

where uo(= 41 x 10‘7) is the permeability in a vacuum. H, and H; are the z direction and r direction

components of the magnetic field generated by a single-turn coil. K(k) and E(k) are complete elliptic
integrals of the first and second kinds, respectively.

Fig. 5 shows the magnetic flux distribution along the z-axis generated by the single circular coil that is
9.6 cm in radius, 8.0 cm in length, and has 75 turns as shown in Fig. 4. The single-coil is composed of
three-layer structure, 25 turns per layer. The coil wire used the litz wire of 2.8 mm in the diameter, 2.4

mm? in cross-sectional area. A biological cell is cultured in a culture dish for biological assessments.

Figure 3: Cylindrical coordinate system of an air core coil
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