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A Direct-drive Artificial Heart System Using an Ultrasonic Motor

Kenji SuiBa,* Masashi TAKABATAKE,* Toshio Tsuj* Kohji Kosuijrt*

Abstract In this paper, in order to improve energy transmission efficiency and minimize the size and com-
plexity of the system, we propose a direct-drive system for an artificial heart using an ultrasonic motor for the ar-
tificial heart actuator. To supply energy for a total artificial heart (TAH), a transcutaneous energy transmission
system (TETS) is one of the most attractive methods. It transmits energy through the skin without wires, using
electromagnetic induction between two coils placed on either side of the skin. It is desirable for the energy trans-
mission efficiency to be high and that internal circuitry is miniaturized. In a typical conventional method, the in-
ternal circuit consists of an actuator driver circuit, a rectifier and a smoothing circuit, due to the need to drive the
artificial heart with DC power. Therefore, it is undesirable for the heat generation of the internal circuit to be ex-
cessively high and the physical volume of the internal circuit to be too large. With the proposed method, using an
ultrasonic motor driven by AC power, the internal circuit can be eliminated and the AC power transmitted
through the body input directly to the motor. First, we designed and tested an externally coupled transcutaneous
transformer (ECTT) for an ultrasonic motor. Second, energy transmission efficiency and temperature increases
in various parts of the TETS were measured, and the flow rate was estimated. As a result, a maximum energy
transmission efficiency of 97% from the input of the transcutaneous transformer to the input of the artificial heart
actuator was obtained. The volume of the internal circuit was also reduced by 75%. The temperature increase of
the internal circuit was reduced by 90% compared to that of a conventional TETS. It was also confirmed that this
proposed system has enough power to drive a TAH.

Keywords: artificial heart, transcutaneous energy transmission, ultrasonic motor, direct drive.
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Fig. 3 Externally coupled transcutaneous transformer.
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Fig. 5 Equivalent circuit of the ultrasonic motor.

P, =|L,|[V|cos6 (7)
TERHASIN, ChIVERFT A0
_ 100P,
" B+P+P,

TREENE, 22T, BEMNS VY AZBYITRETT D4
DI ZKMOBHTHLIBERE—IDA VE—F /R
PULETHL, LIL, E=FF5ANEHVBEEE—
YRR L ERERE O/, BMICEEL Bk
HIE L2 TCEMEEZHRNTALIEMNTETS, 1~
V- ADRAERODILENTERW, 22T, 22
TRIFEPEBE XA L TBTERE— 7 OSME K2 K
HL, ChEHWCTIERRS Y E—F 28 HRTHIE
ZL7-.

2:3 BERE—4

MEREE— 5 OFMMEEE 2 E 6 (R 3 [14]. SAfiE B
BYWTCiddsr—EUEOEMNSRELZVERZ XA
L72bDTH3. 72, L3 RBICBVWTEROEEL R
HLZbDOTHY, Cold eI I v 7 AP VI
BE LR ZHILEL AL &CHEs B FUrHER
THY, nlIBWWEBELERIALLDDOTHS.

T, CilIC L HBLTREWI L2 6, EKAERIC
BUIARHSOERT FIZVAYIRCGEHELWEEZTE
<

(8)

Y
=hﬂ (9)
ERHASINDE, CCTARBEBEHERBROBERTHS. ¥
72, Cu b Ln DXRBEBE L LTEHE, HEFBLY

d



(680) AR TS 43%4% (20054 12 A)

N 10)
LEBEND, ZIT, nid/hEVoTERTSLE, 4
Y& 0 AWK E 2D IERA R £ 12 BV TROBRDS
IR BTASN

2rfy=

1

2ﬂfer =
Ofo Lo — (in
2nf,C,,
Utz s, RK310), QD)X Y Ln, Cni
11 1
" (en) Cu S 12)
f-f
Cu=Cy 21 1
I (13)

LRBEEINDG, 22T, nni@BIRABERAHIIBITSZ L
Y— ¥R 2Lz

r0=2o (14)
ERHAINA. R(9), (12~049 & p, ik &R
HORER, RUERERALEKEARIIBIAL V-5 R
PHBERT - OSMRHBTrBHTELZL¥bHI 5.

3. BHENZADERE

31 BFRE—-FOEMERE

BENS AOBE LT 20, T AMOART
HHBEWRE—Y (B TE, USR60-S4, EWH ML 05
Nm, EHEEE 100 rpm, BEE 70 mm X & & 20 mm, 260
g DEMEKBEEN TS, LD, BEEE—FICAN
ENHBELERZHEEL, 1 Y E—F A2 KDD. X
2, TChoRME RN ZERL, K5IRL%
i 5l B D Cs, Cmy Lm, 10 ZKD 5.

HWERREE 6 R T. AEMHRLY, RN 1T 400
kHz, IR 13 409 kHz THDHZ Exbhsb. HER
BERK(9), 120~U4) &Y Csy Cuy Lm, nlidFhFh
12 nF, 056 nF, 28 mH, 250 Q &k F - /2.

3.2 BRI ADHE

BN LBERE— Y OSMiRKREERL, SRETH
BRELANF (GRS TR b T ADEE 21T
3 1 CTROIZBEHFWRE— & OEMEIE X 0 JFHEE 42 kHz
BWTBEREE—YDOA ¥ =¥ 213495 £-77° T
K&, 22C, ~kAoARKEZEERE—FDL ~
¥—% U R495 /-7 L L, —RIANVEZRIAND%E
¥, RUBBOKREEZELEEOIANF—(EEYED
2T . 22T, BGRENEIVN LTI EEET
Hwa L REMBEICE DIEPUEAML, SE M
5. —HTHIVEEEZ HWD EEBORERI /NI WD
EHEAEMLTLE ). 22T, 40kHzHEICBWTE
R ROEENHANZVEEZmm ORI YL ¥
M BARICLTERICHVL I LICL WleeX
(3) X DM E x RE R HHEOBRILH r 1T

500 1 Jio jl’r
|
400 1 21
S 1fo
3 300 1 I [
8 |
B
L 200 - | |
£ Il
100 + | |
| |
0 . . . . l L ! : \ .
35 36 37 38 39 40 41 42 43 44 45
Frequency (kHz)

M6 BEET—5D( Y E—F L ADHEHR
Fig. 6 Impedance of the ultrasonic motor.
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