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Acupuncture and moxibustion are forms of oriental medicine that are used in medical treatment to stimulate the
nerves of the body. In moxibustion treatment, thermal stimulation is applied through heat conduction from the
outside of the skin by burning moxa near the skin, so there is an inevitable disadvantage of burning the skin. In this
paper, we propose a novel applicator system of non-contact induction heating for avoiding this disadvantage. The
acupuncture inserted in the skin is heated by electromagnetic induction heating and heat stimulation is applied
selectively near the target to be stimulated. In addition, the configuration of the exciting coil of the proposed
applicator allows the inside of the skin to be heated, so a thermal stimulation is possible near subcutaneous cells. We
discussed the magnetic flux density distribution, heat capacity, and rising temperature theoretically and
experimentally. We confirmed that the proposed is effective.
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Fig. 1 Applicator system for heating acupuncture.
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Fig. 4 Model of cylindrical conductor.
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Table 1 Electromagnetic parameters of fat and agar

Ttems Fat Agar
Gravity p (kg/m3) 9.17x102 1.0x103
Thermal conductivity & (W/mK) 0.203 0.582
Specificheat ¢ (J/kgK) @ 20 °C  2.51x10%  4.18x10°
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Fig. 6 Rising temperature of fat around cylindrical
conductor.
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Fig. 7 Experimental results.
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Table 2 Parameters of planer coil with canceling coil.

Inner Outer Thick-  No. of
radius  radius  ness turns
(mm) (mm) (mm)
Main coil 15 40 9 21
Canceling coil 6.5 13 9 6

Electric items of series-connected main and canceling coils

Inductance (uH) 20.2
Resistance (mQ) 32.5
Frequency (kHz) 130

Current (A) 20.0

IRVERIEC RV R ORI E R =005 2
=7 mm (BB L, RS OREAUR B D BARME X B R AL
\Zxf LC 0.56 %, z=0 TIX0.72 {2l S iz, Ak
T, aA VRIS & TR O BIREIZ 45 % O
it & T ANRHEIC LY EHIZETE 5. Fig. 90b)ix
@XoRENT ORI X B 8(a = 0.125 mm, ur = 4, y =
1.39x106 S/m)DIEEE: P (W/m)D/3Ai T 5. SR,
BERDIRS Hp O 2 FlZ BT 5 0O TREGED S35 O K
DOZEAITBARRIZ 22 5. FEENEE O RAE 63 2 3R 4y
AR OHIE 0.31 1%, z= 0 D TIE 0.48 M S 7.

Fig. 9(c)iZ, Table 1 DM OEMZED/RT X — 2 % FH
72D z=5,20 mm 2B 5 ERIEE T(K) % BUE % 515
Be LT @WROFBBIEN O LIRIT LV EE LR T
bbb, ZITEFIRENEFELTE220FELRIC L 578
ZThs. WAL, 1 RTETNT z H~DOBRELE
BL TR, rifio 3 HEIL 0.5 < r<4mm TH Y,
ZOREITO 2z FROFBAMIT NS W EARGE LT, Fig.
() DEEHEE FE DI KT (2 = 7 mm) TlE, (DRUTRT
VB FRIREE ST R TE S,

—_
(431

Skin ~ Fat

(2

=20 0 20 40 80
Distance z [mm]

]
s
o

Magnetic flux density Bz (mT)
o

(a) Magnetic flux density at r=0

3]

Cylindrical
conductor \

C 40 20 0 20 40
Distance z [mml]

Power capacity P (W/m)

(b) Heat capacity Pat acupuncture

1

7T< T< 24 K

i=J

t=60

Raising temperature 7" (K)
o

(=]

(=)
-
w
~

Radius 1z (mm)

(c) Rising temperature of medium around
acupuncture at z= 0 after £= 60,120 s
after excitation

o

ure 7 (K)

Q

(52

Raising temperat

(=]

2 3 4
Radius r (mm)

o

(d) Rising temperature (z= 7 mm)

Fig. 9 Analysis results of magnetic flux density, heat
capacity, and rising temperature of planar coil.
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Fig. 11 Planar coil with magnetic shield.
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Fig. 12 Magnetic field distribution.

%éh”&ﬁTwﬂ\f@m%aF@mﬁ#L%&wEg
12007 z 8l EOBEHREE L L, KA Y —7 05y
@%%Em@wfﬁwﬁéﬁ,Mﬁxu—f®%ﬁm5@
WSEEL L, BERBENE — 27 ZoR Lilk-> TIN5 2 &
Liend. ko7, KENOBORIR Y — RIS TE B0,
A D K FEUTE T ORI E O], b bR EITEO
FEOMHNLET L CORMAIIR TIIRETH D, L
L, BRAYV —7 R = A VOREO fG#E bz L - T
VX HEE ORGSR 3AT & 35 AT E T E Ao,

5 F£&H

PROFEMET D Z LI2L Y TROBUIL A FHED
F R EATEE L0 T RS ORGSO PE 2 BRI IR,
BT 5 Z E N TERWVDMRE L. FHEMNEH O
BT v TV r—2DOa s MEEERE L, HinE LR
M L0 BG4, FsENE, LARE AT, RS
RCHETLT.

PR U TR = A AP = A V1L, BB QIR
il U722 T OB O IgEME 28 Lz, £/, RO
(SUS304 #, E£% 0.25 mm®) ToOIREE, IEHEOELYE
IRT A — 5 e AT TR OREHT L 0 BRI S e
RN TE D AEEMEE MR LTz, Lo L, EWE o

CIXRTEN &, b EE, S omKEHE, 2 AV
WREO I A~DORFPRLETH S.

Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019 83



References

1) K. Mori, K. Saijy : Harikyu Igaku Daijiten (in Japanese),
(Ishiyaku Shuppan, 2012).

2) S. Yamada, Y. Ikehata, T. Ueno, M. Kakikawa : JJ. Magn. Soc.
Jpn., 87, 282 (2013).

3) Y. Yamazaki, I. Nagano, S. Yagitani, T. Maeda, K. Igarashi,
K.Terai, H.Nagae, K. Tazawa : JSAEM Studies in Applied
Electromagnetics and Mechanics, 14, 241 (2003).

4) A.R. Moritz, F.C. Herriques : Studies of thermal injuries, Am
J. Pathol, 23:695-720 (1947).

5) J. Lammeraner, M. Stafl : Eddy currents (CRC Press , 1966),
p.91.

6) H.S. Carslaw, J.C. Jaeger : Conduction of Hear in Solids,
(Oxford at the Clarendon Press, 1959), p.339.

7) S. Takeyama : Denjikigaku Gennshou Riron (in Japanese),
(Maruzen, 1969), p.252.

8) P.A. Calgano, D.A. Thompson : Rev: Sci. Instrum., 46, 904,
(1973).

9) Bioelectromagnetic data : http://eprints.lib.hokudai.ac.jp
/dspace/bitstream/2115/7706 /1/5-2-3_p68-71 (as of Sept. 8,
2018).

2018510 H 15 HAZ3E, 2018411 H 23 H 523, 2018412 H 08 H bk

84 Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019





