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Research context

Earnshaw’s theorem :

Full passive levitation

with only static magnetic

\_

field is not possible

J

Electrodynamic suspension :
Bypass Earnshaw’s theorem by
using a rotating magnetic field

How does it work ?
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How does the electrodynamic thrust bearing work ?

*only one phase is represented
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From the thrust bearing to the motor

Connection of a power supply:

FZ,S
Z
0., Te,M
>
A

Off-Centered position

STABILIZATION OF PASSIVE SELF-BEARING MOTOR THROUGH D-AXIS CURRENT INJECTION
ADRIEN ROBERT

Driving torque
+

Electrodynamic
suspension

*only one phase is represented




Reach the fully passive levitation

[ Axial flux version: ] _ [ Radial flux version: ]
Upper passive

magnetic bearings \
| :
Thrust

function

yA

Motor

C) f;.:ction
G x

i Y _
’ \ Lower passive ~________—— ¢

magnetic bearings

[~

*only one phase is represented
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Damping
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Stability problem

[)’(:A(x)-x+B(x)-u+C-v]

Evolution of the eigen values Zoom on the critical eigen

S with the rotation speed values
Linearisation
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Stability problem

Unstable levitation if w > w, _ N
Damping allows to stabilize the

machine on the whole speed range

022t —
£
o
g l
_.-024¢ o
£ ] (" Existing solutions: )
~ 0261 e External damping via
' % Eddy current dampers
E Active bearings dedicated to damping
-0.28

\_ Dampers placed on the stator and the frame )

0 20 40 60 80 100
Linear speed increase, from 4 to 5 [krpm] to exceed

the electrical pole w, = 4,560 [rpm] and enter in
the zone of instability.

Is it possible to stabilize the machine

without external device ?

STABILIZATION OF PASSIVE SELF-BEARING MOTOR THROUGH D-AXIS CURRENT INJECTION
ADRIEN ROBERT




Presentation content

Stability probler

Damping
principle

Damping
strategy
implementation

Damping gain
design

Case study

STABILIZATION OF PASSIVE SELF-BEARING MOTOR THROUGH D-AXIS CURRENT INJECTION
ADRIEN ROBERT




Damping strategy principle

Is it possible to stabilize the ) ‘( Some topologies can have reluctant
machine without external device ? J L effects

2 3K3
w 6
F,=2\=—\|\/— +

wi+w? LSC
Proportional to @ | Elefrody amic
[ thggm ial 5h|fg] 2 terrr‘?l } [ Reluctant term ]

Evqutlpn with the Possibility to modulate I 4 current can be
rotation speed : ’ .
the suspension force ) used to create damping

o

W2

Q
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Damping strategy implementation

Ip current is initialy not exploited w2 [—
F'zz_z'wz_l_wz'(A + B.IM,d)
e
5 & ofex ]
e S L] 4 2
—>€_>-> PI > \/nge —(_)— Iy 4 current can be used to
/ 2 \ .
‘ create damping
.
IM,q,mes ( . .
Wmes Iyq =Ky, z-sign(z)
73mes ' Sign(zm/es) I A ¢ .
M,d,mes é‘[ Ensure F, >< z
Ui . y,

Which value of Kp allows to
stabilises the motor on the whole
speed range ?
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Damping gain design

By neglecting the purely reluctant component, the expression of the force becomes:

2 3K 2
F,=—7 -— ( 9% 4 \/EKQJZ-LZ'C-IM,d)

I wg+w2 Lsc Ls
|
|
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Iyg =Ky - z-sign(z)

|_w? (3K —z. w* |z| - (A6KK ) Lze | g
wi+w? Sc w5 +w? PllLse P

ot
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How to characterize a damping
coefficient which depends on the
speed w and the position z ?
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Damping gain design

'Kp)

\

y

Cz,min

Minimal damping for the stability:

(00]
ktot ) Ls,c

16R

Z'IM,d w +w2 Z 2 p Z’IM;d A
fConsidering a equilibrium point with a given\
external force F,
_ Fel _ o
_ |z| = K with k, Tt Aq ) \

Threshold gain which ensures the stability:

(4
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Selection of @ motor

Axial flux surface mounted
permanent magnets rotor

f Three-phase

l winding

-

Ferromagnetic yoke
connected to the rotor
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Main characteristics

Driving torque : 0,4 [Nm]
External radius : 60 [mm]
Total axial length : 34 [mm]

Number of pole pair : 4

~

J




Threshold gain which
ensures the stability:

Evolution of the eigen values

_ Evolution of the eigen values Zoom on the critical eigen
[X =A(x) x+B(x) - u+C- V] with the rotation speed values
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\Y[e]e]g
Im,a z - sign(z)
Dynamical study —3
Dirac of p7turbation applied on the rotor at critical rotation speed
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Minimal gain which
ensures the stability:

Variation of the equilibrium point

Constant Kp and variation of the real external force

0.4 |=0.5x gravity applied 0Or
== Gravity applied
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Take-home message

self-bearing machine and its

stability problem
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except a position sensor
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