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The Transmission Efficiency of Transcutaneous Energy Transmission System with Flexible Coils
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Abstract: Artificial hearts need a percutaneous driveline for power supply, which causes serious infection as well as
inconvenience in life. TETS: Transcutaneous Energy Transmission System is a solution to eliminate the driveline by
electromagnetic induction. Previous TETS has a problem of reduction in transmission efficiency by positional
displacement between coils, due to difficulty of fixing hard and thick coils. The previous imbedding coils also damage
patients’ bodies by pressure. We made flexible and thin coils of flexible printed circuits which were easily fixed and
prevented positional displacement by embedding into side chest; too narrow to insert for the previous coils. The flexible
coil consisted of four single flexible coils connected in serial, 106 mm across, 0.70 mm thick, ESR 0.395 Q, and
inductance 10.89 uH. We compared the flexible and the previous coils by transmitson experiment. Consequently, max
efficiency of the flexible coil was 0.66 and the previous coil was 0.66.

Key Words: TETS, Coil, Artificial Heart

1. 5% AL TIX TETS oA V&7 L& 7V RMCTERIL |
1.1 TETS OHRER WS FTRE R A T H Z ECEEEFRSICL, HiK
ENHELARA TOBIIBEEN EE DO K& S n . EilhiA ADEHED 72N AT NEHfE LTz, (Fig. 1)
HDHTILENBIE AT, BUR TILENHSE & A 7 UL, ZLX T af VEpesRka A iz b8
V— L Z2REHEBr— 7V TEONTENZHGE LTV D, BT DEOWmAE /NS < 72D 72D I FEAME F R HT
Ei@r — 7 I RBRICEPSED U A 71z, G Lo (ESR: Equivalent Series Resistance)/’ K& < 72 ) g\ &
TEILRESED, ZOMEZMBRT D720, KRS HMENH D, KE72 ESR ITBEEB MR ERE T,
AN EEWCEBBEEICK D IRNESRICIHEEMTE % IANDORBILEET D, ERaA NV ERBEDOY A X
fBk 4 5K~ /¥ — (5% (Transcutaneous Energy TESR K< TH&KEE2 T2 & mEENLORICED
Transmission System: TETS) AL LT3, HAVEIZ AL FITHZ L85, DY, WEHED
1.2 TETS D& NG U AERWHSTZFHFARROEND, A TIIREDEIC
WERD TETS AT a4 V1%, VoV U A ¥ —%5& FERL, 77 aA vk vz TETS OEERE

WTHER AN BEARH OV ERLSILWVWHLDE 577, FLTHEDITRD LD FHFITONTHREF LT,
ZoH, FHEPHEL LS, KRNSO a A VOMERTIT
RIENFENETTDE NI RERERDH -T2, T2, 3. Ak

HAEOERNHBEZTF BT HE NI BIEGAE LT, 31 FEHaAM I ERBHE
F9, TR UTVEKRE AW TER 106 mm, FEY
2. B®Y 720 1EkE, Mmc2mBEExEbaf LaERLE,
SANDA L F 7 H AL ESRIE 0.894 uH, 0.081 QIT72

Our coil; flexible coil

A previous coil -
. >77,

Table 1 Data of the previous and the flexible coils

Max

Inductance Number Internal Number Weight

ESR
Ve (uH) (100kHz) of turns Dy diameter of slits (g) itrliioss
(Q) (mm)
Previous "
Primary 1394 0307 30 13 79 / 1040 ‘Z'E‘t. with
Coll coating
Previous 17.8 with
Secondary 742 0247 30 80 50 / 800
Hard to fix, out of position Easy to fix SIDE CHEST Col
A Flexible
| i 0894 0081 2 106 84 50 54 020
extra— ,\ABDOMEN extra= embedded Coil
4 Flexible
corporeal \ corporeal Enable to Coils in 10894 0395 8 106 84 50 / 070
embed the Serial
site easy to 5 Flexible
\ embedded fix but too Coils in 16782 0567 10 106 84 50 230 0388
narrow for Serial
= previous coils 6 Flexible
Coils in 22551 0709 12 106 84 50 / 1.05
Serial
* ”Primary” means extracorporeal side, “Secondary” means
Fig. 1 Concept of the flexible coil embedded side.
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Fig. 2 Transmission circuit and setting of the coils

— AT 20 Vpp. 50-150 kHz D 5B & A L, :4»
REIEEREE d 2 0mm 205 10 mm ~ & 24k S ¥ TEEFIC

2E (@) & Z ot J1E J1(Fig2@) & J7E L, 41:
RBrRDOT,

ij

3.2.2 £IRAFEHDEWVIZCKBEENEDEILDBIE

s=4, d=0mm K WNs=6, d=10mm 2B\ T, a5
VY BEBEZNTEN C=1450F,45nF |2, 3.2.1 LREEDE
BRa TV, 32,1 IR AR L i3 5 2 & CIIRE R K
DENNZ LD FEOELETH T,

3.2.3 HRDEFEHARVRERDAE

HREIC Z 2R EMRDI=0, IAVESIEK s, 3A L
HEEHEd, 2T U PR E COKMAGDED I b, Bk
AR D ARG T ORI P DRk 23R & R E JIE

L7z, HIEREEICBIT DREDRN 3.2.1 L322 04%
TOEMBELY BIEWV s=6.d=10mm., C=145nF IZB T,

VAT LEFONEETL72DO, @, @, @OEFD
BHEREL, DEEEH Lz, £, BREEOEEIE
LI,

4. #ER
41 EaAAMNETLFST NS LD HERELLE
FERITFig 3 DX 2o, 7LF T T aAf L TiE
THEE d = 0 mm OBRIIXEIE s D72 nIE EH A0 i,—;b‘ﬁl
fRRENRPEL |, s=4 TIHRARHIET 2005 W, FKis
EEHR 0.62 ThHholze d=10 mm OFRITITEINE s 3%
WFEHNENBEEDELE L, s =6 TIXHIIET 10.56
W, I KABIEZNRIL 049 L 2o T2 k24 NV Tldd=0mm
DEORKNHIES 1519 W, KIEELR 0.66 £ 720
TLX TN aL NVOFERE TR, LaL, EkaA

035

2016 9 4 ~6

VT d =10 mm IZBWCIERKRHAIE 13.73 W, &K
(BIERNTR 059, L7 LXT T Iaf VT~ EEEO NI
K DEBEBIROIEOIK TNV IehoTz,

Previous Coil 20V output (d=0) C=10n Previous Coil 20V output (d=10) C=10n

tey o 01

09 > 09 >
g 20 # Output 0.8 5 § 20 # Output 0.8 5
< W Efficiency - -~ B Efficiency 078
215 06 215 06 i@
H . I ¥ ]
g 05 8 & L] 05 8
510 - 04 g 50 04 %
5 $ m 03§ % L] 03 &
°s mfo2f O m o2 §
= =
", 01 -, 01
0 L8 + el o mw e *o |,
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Input frequency (kHz) Input frequency (kHz)
V6_4serials 20V output (d=0) C=400n V6_aserials 20V output (d=10) C=400n
25 1 2 1
09 09
> >
=20 * * 08 g =20 * 08 g
s Output A S Output H
5 HEfiiciency g g = Efficiency o7 8
g1 ¢ pWEEE B om fosE Eis Co6
H o . 055 & -~ 05 §
50 . . —04% ERCRI . . roo.g
5 ¢ 033 3 ognumntn® m |5 2
© s Teto2af ©s . e 02 8
01 ? .
0

°

0 20 40 60 80 100 120 140 o 20 40 60 80
Input frequency (kHz)

100 120 140
Input frequency (kHz)

V6_5serials 20V output (d=0) C=145n V6_5serials 20V output (d=10) C=145n

g g
g® +output 08 & g +output 08 &
5 = Efficiency . S HEfficiency . 07 g
g1 | 06 & g1s 06 &
3 B % 5 2 s
g -, 0s5 & [ 05 §
510 " . ¢ 0 g B0 L os 8
ES . £ 2 ML) €
g P . 035 % [ . 03 g

.
© s * lo2g O TR . 02 8
. £ £
01 . ¢, a1
o [ 0 * 0
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

Input frequency (kHz) Input frequency (kHz)

V6_6serials 20V output (d=0) C=145n V6_6serials 20V output (d=10) C=145n

g g
g +output o8 £ 2w *Output os &
2 78 2 07 8
o = Efficiency n i~ Efficiency 3
815 mmmnmiE £ 125 s &
< <
] " s 5 8 . 05 §
510 048 g0 a® ey o0a 8
a [ ] E & E
= RS 03§ £ ", 03 §
° M ‘e 028 95 02 8
. LIRS - .
01 . ces 01
.
o ¢ 0 o . 0
0 20 40 60 80 100 120 140 160 0 20 40 60 8 100 120 140 160

Input frequency (kHz) Input frequency (kHz)

Fig. 3 Comparison of output and transmission efficiency of
coils
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Fig. 4 Effect of different resonant frequency on output and
transmission efficiency of the coil
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