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AXIAL DISC MOTOR FOR TOTAL ARTIFICIAL HEART

Abstract: This article present design of motor for Total Artificial Heart (TAH), which is developing on Brno 
University of Technology. For this application was chosen, as best choice, disc motor with axial flux and per-
manent magnet. Main reason for choose of this motor is that this motor have short length, which don’t increas-
ing length of whole TAH. In the end of the article is a presented new possibility in this problematic.

1. Introduction
Human heart is one of the most important hu-
man organs. The main task of the heart is 
pumping blood in the human body. The human 
heart must reach haemodynamic parameters
(Table 1).

Table 1. Important haemodynamic parameters

CO Cardiac Output –
volume from left 
ventricle

4-8 l·min-1

CI Cardiac Index – ratio 
of heart’s expendi-
ture at minute / body 
surface

2,5-4,2 l·min-

1·m-2

SV Stroke Volume 60-130 ml
SVI Stroke Volume In-

dex
30-65ml·m-2

When the human heart can’t pump enough 
blood, there are two basic ways, how to help it. 
First way is using non-human heart. The second 
way is to use Total Artificial Heart.

2. Total Artificial Heart

Total Artificial Heart (TAH) is assemble from 
two basic part – pump and drive.
There are some examples, how can be construct 
TAH pump:

 diaphragm pump,
 centrifugal pump,
 rotary pump.

The diaphragm pump can be powered by
pneumatic drive or electrical energy. Pneumatic 
drive deforms diaphragm, which pump the 
blood.
As a basic type of the drive is used electrical or 
pneumatic drive.
For our concept was chosen rotary pump. This 
pump was design in Victor Kaplan Department 
of Fluids Engineering, Institute of Power Engi-
neering, Brno University of Technology.

Fig. 1. The Third prototype of TAH made in 
Brno University of Technology

3. Axial Flux Disc Motor and drive

For driving of TAH was chosen Axial Flux disc 
motor. This motor was designed in Department 
of Power Electrical and Electronics Enginee-
ring, Faculty of Electrical Engineering and 
Communication, Brno University of Technolo-
gy.
One of main advantages of disc motor is small 
axial length. In this case, motor can be as high 
as rotor. 
The general sizing equation approach can be 
applied to design of the axial flux disc motor 
machine with permanent magnet for the drive. 
The machine total outer diameter D0 is given by 

cut WDD 20  (1)

where D0 is the outer surface diameter, calcu-
lated from the equation above, and WCu is the 
protrusion of the winding in the radial direction 
both in the outer and to the axis of the machine.
This dimension must be checked for the dimen-
sions according to the pump body.
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where Js is the current density and KCu is the 
copper fill factor.



Zeszyty Problemowe – Maszyny Elektryczne Nr 84/2009208

Outer surface diameter can be calculated form 
sizing equations
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where KФ is electrical loading ratio, m is num-
ber of machine phases, m1 is number of phases 
of each stator, Ke is EMF factor, Ki is current 
waveform factor, KP is electrical power wave-
form factor, η is machine efficiency, Bg is air
gap flux density, A is total electrical loading, f
is frequency, p is number of machine pole pairs, 
λ is diameter ratio
The axial length of the machine Le is given by

g2L2LL rse  (4)

where LS is axial length of the stator, Lr is axial 
length of the rotor and g is the air gap length.
The axial length of rotor Lr becomes 

PMcrr LLL  (5)

The axial length of rotor disc core Lcr is
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where Bcr is the flux density in the rotor disc 
core and Bu is the attainable flux density on the 
surface of the PM.
The length of permanent magnet LPM can be 
calculated from equation (7)
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where Br is the residual flux density of the PM 
material, Kd is the leakage flux factor and
Kf=Bgpk/Bg is the peak value corrected factor of 
air-gap flux density in radial direction.
Combining these equations the axial length Le

becomes
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In order to optimize the performance of the 
axial flux machine the ratio of the inner and 
outer diameter of the machine should be chosen 
carefully since this ratio has as well as the air-
gap flux density the significant effect on the 
machine characteristics. 
In our design it is difficult to set the dimensions 
of the length and diameter of the stator optimal-
ly because these are limited by the space of the 

pump system and must not much influence the 
pump output hydraulic power. On the other 
hand the efficiency demand, supply voltage 
level and amps load have special demand re-
garding temperature rise, losses and efficiency.
In practice the length of the machine depends
upon the stator equivalent electrical loading, 
current density, slot filling factor and flux den-
sities in the different points of the machine. The 
length of the permanent magnet depends on the 
air gap flux density and air gap length. Fur-
thermore, for given electrical loading and flux 
density values, the optimal diameter ratio 
differs for different rated power, number of pole 
pairs, converter frequency etc. 

Fig. 3. Parts of third prototype of TAH

For power supply of disc motor was chosen the 
convertor (Fig. 4), which is selling for using in 
aircraft model. This convertor has a simple 
control and small weight and size. This conver-
tor can’t be connecting to position feedback, 
what make better parameter of motor.

Fig. 4. Convertor and driving unit [1]

Convertor is controlled by signal from driving 
unit. Driving unit is changing pulse ratio, when 
user want change the speed. The convertor is 
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using PWM with carrier frequency 8 kHz 
(Fig. 5.)

Fig. 5. Waveform of voltage and current from 
convertor [1]

4. Conclusion

In the first step of design of TAH was verified 
basic conception. In the next step, the whole con-
struction will be optimized. In the last step will be 
improved the convertor and control.
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