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In a transcutaneous energy transmission system for a
totally implantable artificial heart, it is necessary that the
efficiency of the implantable devices be improved and the
temperature rise be minimized. In this paper, we first
discuss the properties of Li-ion and Ni-MH batteries for
driving an artificial heart, and then consider driving meth-
ods for a vibrating flow pump that is used in some electro-
magnetic artificial hearts. A pump using asymmetrical-
wave voltage is 1-4% more efficient than one driven by
square-wave voltage.

Key words: internal battery for an artificial heart, Li-ion
battery, Ni-MH battery, vibrating flow pump, square wave
voltage driving, asymmetrical-wave voltage driving

. $XAHE

SEEMEDAL B A TOBORENRE » X 7 2lcB0T, 7
TICES 5 IREESB L CHEES OBRNEE A Rc >0
TIRE, RELTEH, BIhFEELT, Ny 2797
FoZEBMoMERER e A TOBEREIERE 5 & oEniASL#E
DOESNERL, REDERYD Y,

ARE TR, FIDICEDALHOEEME LT, HAEATFH
BRIV F UL AFVEBRBIU = 7L« KFEEELEH
WS, ThENORZSPEERNEOBEAELL I E
WA T EIDWTRE T - 2.

wic, AR THEE LTV 3 BREHHAT OB TS 21k
B A v F2OBEHAHRIC o VTR ATV, REBFERE
UCHEMBRE WA T Ltk b, EROAEEEHVIES
EHBLTH Y RN 1~4% RES NS T L AR L.

2. BEMNEBEHEXLRF LA

Fig. 1 1T, Z2HEHASTATOEHEORRNE XY R
7 L OMEARYT. ALDBORE I, BEETIE 20W E
BEOBHIBNETHELEINTWVWEY, TOBHEZERERT
XBLIBERENDD, FNEDASDFREILIEE/ND /Yy
FU -, BEOELIAERILIhTHEL., 22T, 220D
T4 VOBSKHRFESERE LT, AL SERNICES % IEE
iz L, ATOE2EE T 2 BENENEXEFRP 0L 2
PRESNTVEYY, oA TE, ALLBORECKE

HAIGARS L% Vol 21, No. 4-2, 1997

WENR, 100 kHz BEOSFHEE L VI T, BREES
& =T, 5D SERIIEE i ER S hico b, 8BS h,
BB 2N L CERBA T LBt sh 3.

BARFRL VTR, FERER oA vicTENT » AR
BMegghRicESE T s Licky, BLTHE Db 3K
MEERERBEL, hick vEE ER2MA 2 IEEMENE
EPERETH AT LETTREBEL TV Y. i, ATDEH
BESOBREMEEHRIE>VWTR, BHEEHAE T v v &
VT BEIBIIRD 8 EaA4 VEBVWEAEREREL, 20K
POV THREL TV B,

PDED &> BRENENEEET - 1IBA TS, BEOAR
K12 &, BABESWhGEEEEL, BRI/ Ny 7
Ty TOHD IREMGSELE LS.

3. ALOEREROHASREROBRS

ALLBROERNEDAS ZRERICE, ALOBOREIC
ET2 20W OBHEDEL & 30 NP TEIZRTOR
BPVETHEEINTVEY, Z2oEricERSNAEES
LT, BxaVvF—-BETHIT L, BELEEMDINWTE,
RVWEEHE, BurA s VEGRESBIONE, BELRIC
BIL TR, TEABRFEVIENEELVY, SLlbl-oTH
Wit L TELL SN2 3SCUTMA S LA2BEL T 3.

AR TR, HEEZRLsh TV A kEOTT, AEHR
BETHBENI X VF—FEDOHVY FI 4 « 1+ v EFME
=y b e KKEEBHIC > W TR 21T - 2.

ERICHER L ZIREIE, VF 9 s« A4 EEM LIP-
12 (8.6 VX3 +J, 1200 mAh, SONY &) &, = 7L« Kk

Skin
Outside Inside
body | body
Dc Switching |} . ]
power circuit Rectifier Driver |- Artificial
source (100 kHz) heart
Transcutaneous
transformer

Fig. 1 Transcutaneous energy transmission system
for a totally implantable artificial heart.
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Table 1 Characteristics of the Li-ion and Ni-MH
batteries used in these experiments

Li-ion Ni-MH

LIP-12 | NH-11AA

(3 cells) | (9 cells)
Nominal voltage (V) 10.8 10.8
Rated capacity (Ah) 1.2 1.1
Volume (£) 0.0503 0.0686
Weight (kg) 0.122 0.219
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Fig. 2 Charging and discharging characteristics of
batteries: (a) Li—ion battery, (b) Ni-MH battery.
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Fig. 8 Discharging characteristics of batteries con-
trolled by a regulator: (a) Li-ion battery, (b) Ni-MH
battery.

Table 2 Results of battery experiments

Li-ion | Ni-MH
Discharge electric 8.15 7.78
energy (Wh)
Discharging time (min) 23 21

Energy density (Wh/?) 162 113
Specific energy (Wh/kg) | 66.8 35.5
Temperature rise (°C) 16 15

Volume needed to drive | 0.0710 | 0.1009
an artificial heart (¢)
Weight needed to drive 0.172 | 0.321

an artificial heart (kg)
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Fig. 4 Vibrating flow pump for an artificial heart.
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Fig. 5 Asymmetrical-wave voltage.
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Table 3 Efficiency of a VFP driven by sine-wave
and square-wave voltages

Efficiency (%)
Frequency (Hz) | Sine wave | Square wave
10 5.6 13.5
20 16.5 19.0
30 17.9 18.0
. 20t 5
&
g
8 10+t <+ 10Hz
B:(—j 0 20 Hz
x 30 Hz
% o5 1
a

Fig. 6 Efficiency characteristics of a VFP driven by
asymmetrical-wave voltage.
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