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Radial magnetic bearingMotor
Axial magnetic 

bearing

Bearingless motor 1 Bearingless motor 2

poorly exchange-
able unit

complex airgap 
geometry & encapsulation

one-sided drive 
torque generation
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- Geometry definition & 

- parametrization 

- Domain discretization / 

- mesh generation   

- Definition of boundary 

- conditions (BC)

- Definition of fluid- & flow 

  characteristics

- Set numerical time step

- Set convergence control 

- Evaluation of convergence 

- control parameters

- Numerical analysis of 

- results w.r.t. pressure & flow 

- Graphical analysis and 

  evaluation of results

  Mesh study

  Time step study

  BC study

Processing

Pre-Processing Post-Processing

d = 1.225 kg/m3 ` = 1.7894 · 10−5 kg/(m · s)
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Pressure outlet 

boundary condition 

Velocity inlet boundary condition 

Static region

Rotating 

region

Wall inflation 
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Δ?excimer ∝ Δ?air · dexcimer/dair

4.5m

PF =

Eavg

Es
,

Es Eavg
Es

& = Es · PF · ℎchannel · 1channel.
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Bearingless motors

(c)

channel length x (mm)

−330 −220 −110 0 110 220 330
0

0.5

1

v
el

o
ci

ty
 v

 
(m

/s
)

Measured flow profile
Estimated flow

profile

v    = v 
avg s

v
s

flow profile 

factor

(b)

Exchangeable inlet 
flow control grid Flow sensor

Pressure sensor
Flow straightener

1.5 m 1.5 m 0.75 m

0.66 m

0
.1

8
 m

0.75 m

Free outlet

(a)



ro
to

r 
d
is

p
la

ce
m

en
t 

(m
m

)(a)

(b)

speed (krpm)

PT1

0 2 4 6 8 10 12 14

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0

Motor 1, 
no flow

Motor 2, 
no flow

PT2

0 1 2 3 4 5 6

speed (krpm)

0.1

0.2

0.3

0.4

0

0.5

ro
to

r 
d
is

p
la

ce
m

en
t 

(m
m

)

Motor 2, 
no flow

Motor 2, 
max flow

Motor 1, 
max flow

Motor 1, 
no flow

Motor 2, 
max flow

Motor 1, 
max flow



5500 rpm

8000 rpm

12 000 rpm

12 000 rpm

1450m3/h
1600m3/h

5500 rpm



5500 rpm

12 000 rpm

(a)

(b)

0 300 600 900 1200 1500
flow rate (m  /h)3

PT1

|s
ta

ti
c 

in
le

t 
p

re
ss

u
re

| (
P

a)

0

100

200

300

400

500

600

0

50

100

150

200

250

0 300 600 900 1200 1500 1800

flow rate (m  /h)3

PT2

|s
ta

ti
c 

in
le

t 
p

re
ss

u
re

| (
P

a)

12000 rpm

5500 rpm

1000 rpm 12 000 rpm 500 rpm

5500 rpm



12 000 rpm

5500 rpm



I

7000 rpm

28%

100%





Bearingless motor 1 
(BM1)

Bearingless motor 2 
(BM2)

Process chamber

CFF blades

Decoupling elements

Rotor magnets

:dE < :CFF blades

l2,CFF�x



Rotational 
speed

(a) (b) CFF blades

Rotor magnets

Decoupling elements

Bending of CFF blades 

CFF blades
Rotor magnets

Bending of CFF blades 

Overcritical 
region

Supercritical 
region

Overcritical 
region

Subcritical 
region

Subcritical 
region

Rotor deflection

Bending & phase-shifted deflection

Rotor deflection

Phase-shifted deflection

Bending & phase-shifted deflection

1
, 
C

F
F

ω
d
E

2
, 
C

F
F

ω
d
E

3
, 
C

F
F

ω
d
E

1
, C

F
F

ω
fix

2
, C

F
F

ω
fix

CFF�x

CFFdE
l3,CFFdE

l1,CFFdE l2,CFFdE



l3,CFFdE

l3,CFFdE

l2,CFF�x

l1,CFFdE l2,CFFdE

<B

:B



3B :B 3B

:B = % · :i − :s

3B = � · :i
% �

:i :s

<CFF :CFF 3i,CFF
3i,CFF << 3B

:dE

n

M




¥GB
¥GCFF,e
¥GCFF,c



+ D




¤GB
¤GCFF,e
¤GCFF,c



+ K




GB
GCFF,e
GCFF,c



=




0

0

�u (C)/2



.

�u (C) =<CFF/4 · n · l2ejlC ,

n l

M

M =



<B 0 0

0 <CFF/4 0

0 0 <CFF/4


,

D

D =



3B 0 0

0 3i,CFF −3i,CFF
0 −3i,CFF 3i,CFF





u
F

x   
B

x   
CFF,e

m
B

k
B

k
B

d
B

d
B

u
F

m
B

k
dE

k
dE

k
B

d
B

k
dE

x   
CFF,c

m
B

/2

(a) 

symmetry

k            
CFF

d
i,CFF

d
i,CFF

k
CFF

m      /4
CFF

m      /4
CFF

k
dE

∞

(a1) (a2)  

(b)

m      /2
CFF

k            
CFF

d
i,CFF

m      /4
CFF

m      /4
CFF

ω

(t)

(t)

Decoupling elements

CFF blades

Rotor magnets

CFF blades

Rotor magnets

+

−

−

−

+

−

+

−

+

−

s

1

uF +

−

+

−

+

/4) m
CFF1/( 

/4) mCFF1/( 

1/mB

dB

kCFF

di,CFF

di,CFF

/2

kdE

kB

kdE
x   B

x   

x   CFF,c

2/)2·ε·4/CFFm( ω

s

1

s

1
s

1

s

1
s

1

kdE

kdE

kCFF
CFF,e

kCFF

kCFF

di,CFF

di,CFF

(a3) 

:B 3B :CFF 3i,CFF <CFF

:dE

:dE → ∞



K

K =



:dE + :B −:dE 0

−:dE :CFF + :dE −:CFF
0 −:CFF :CFF


.

:dE → ∞
:dE

�u
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Integrated power
electronics

Cross-flow
fan blades

Bearingless
motor

Rotor magnet with
adaptor to fan blades

Description Value

Voltage

Power Input

Speed Range

10 %±48 V DC

240 W

13000 rpm±

(a) Cross-Flow Fan Prototype

(b) Cross-Section (CAD Drawing) (c) Single Motor Data 
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(c) Dimensions

Range Accuracy

4000 Pa± 1% + 1 Pa±

0.2 . . . 60 m/s 02 m/s.2% + 0±
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