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Transcutaneous energy transmission system for an artificial heart

- Evaluation of radiated emission by transcutaneous transformer -
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Abstract: Transcutaneous energy transmission systems (TETS) provide a method of supplying energy to a totally
implantable artificial heart or left ventricular assist device (LVAD) from outside the body, without wires passing through
the skin, for energy transfer. A TETS uses magnetic fields to transfer power from outside to inside the body via two coils of
a transcutaneous transformer. Hence, the TETS is required to be electromagnetically compatible with another device. This
study reports on the electromagnetic compatibility of the TETS through an evaluation of radiated emission by the
transcutaneous transformer. We proposed the use of a thin magnetic shielding sheet and ferrite to reduce the radiated
emission in the primary coil. In addition, we assessed the evaluation results in comparison to the acceptable limits of

radiated emission (IEC CISPR 11).
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Fig. 1 Transcutaneous transformer

Table 1 Specifications of transcutaneous transformer

Type of coil Primary coil |Secondary coil
Inside diameter [cm] 2 2
Outside diameter [cm] 10 7
Outside diameter of litz wire [mm] 0.03 0.03
Number of litz wires [ litz wires] 504 1008
Number of turns of coil [turn] 40 25
Weight [g] 27.9 274
Inductance [pH] 78.4 24.3
Resistance [mQ] 648.7 79.9

2-2 O—IJLEH#

RFFEARREE b T 2 A O R RS T8 A AR S & 5 72 0,
AFETIL 7 =74 b (TDK, RF70) K ORI > — v K
v—hk (K&~ U T/, D0-40X130CF) Z#aE L=, 7
= T4 FROERBS S —v Ry — b OB % Fig. 2 (R
L, fL8k% Table 2 ICRT. 7 =T 4 X, #10cm, £ 10
cm, EX 2mm, EX 1058 g # W\, BRI —/V R

02-10-1



= M, B DOHEEHE 13.4 cm, #54.7 cm, /& & 0.09 mm,
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Fig. 2 Thin magnetic shielding sheet and ferrite

Table 2 Specifications of thin magnetic shielding sheet and
ferrite

Ferrite Thin magnetic shielding sheet
Longitudinal [cm 10.0 13.4
Side [cm] 10.0 14.1
Height [mm] 2.0 0.18
Weight [g] 105.8 7.9
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Table 3 Class A Group 2
Electromagnetic radiation disturbance limits

Frequency range Quasi-Peak value of magnetic field

[MHz] [dBuA/m]
0.15-0.49 57.5
0.49 - 1.705 47.5
1.705 - 2.194 52.5
2.194-3.95 43.5
3.95-20 18.5
20-30 8.5

Table 4 Class B Group 2
Electromagnetic radiation disturbance limits

Frequency range Quasi-Peak value of magnetic field
[MHz] [dBuA/m]
0.15-30 39 -3
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Fig. 3 Magnetic field as a function of frequecy
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Fig. 4 Circuit for output voltage measurement
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Fig. 7 Result of measurements
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Table 5 Result of measurements
(Primary current /; [A])

Condition Unshielded Thin magnetic shielding sheet  Ferrite
I,[A] 1,[A] 1,[A]
SW, 12V 0.20 0.14 0.15
10w, 12V 0.26 0.18 0.22
15W, 12V 0.34 0.32 0.32
SW,24V 0.33 0.24 0.20
10W,24V 0.34 0.25 0.23
15W,24V 0.36 0.26 0.26
Table 6 Result of measurements
(Secondary current 7, [A])
Condition Unshielded Thin magnetic shielding sheet  Ferrite
1,[A] 1,[A] 1,[A]
SW, 12V 0.41 0.41 0.41
10W, 12V 0.83 0.83 0.83
15W, 12V 1.25 1.25 1.25
5W,24V 0.21 0.21 0.21
10W,24V 0.41 0.41 0.41
15W,24V 0.63 0.63 0.63
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