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Introduction
Bearingless Motor

motor axial bearing bearingless axial bearing
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I backup \
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Magnetically suspended drive Bearingless motor
- drive and suspension is decoupled - very cost-effective setup for smaller systems
- separated design of drive and suspension is possible - drive and suspension are often on a common
- typically larger and higher electric and mechanical lamination stack
demand - more complex control structure
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Introduction
Bearingless Motor

Permanent
magnet Rotor
Axial Self-
* Torque and radial forces (often used) Bearing Motor
- Coil Lower
* Torque and axial forces (seldom) stor

Ibaraki Univ. Y. Okada

Bearingless
Induction Machines

Magnetic Bearing Single-Drive
SR-Motor NASA. C. R. Morrison Bearingless Motor

TIT, A. Chiba Repulsive passive

magnetic bearing

3-phase
Inverter

Winding

Center stator core

= 8-pole PM rotor

Repulsive passive
magnetic bearing

Displacement sensor

TU Darmstadt, A. Binder

TDU, H. Sugimoto
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Introduction
Bearingless Motor

HeartMate 3

Science becomes reality
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Introduction
Bearingless Motor

Force generation

Pstator = Protortl
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Lorentz forces Maxwell forces

Torque generation

Maxwell forces do
not create any
torque here!

pstato r = p rotor

YYYYYYYYYY
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Introduction
Bearingless Motor

separated windings

force torque
coll colil

- _more complicated to
manufacture

- decoupled force and torque
generation

- design of force and torque is
decoupled

Winding systems

combined windings

common force and
torque coils

- simple to manufacture
concentric coils

- coupled force and torque
generation

- design of forces and torque is
not independent

CBD3
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Model and Control A s

i3
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Force/Torque Model 2 i NWWW 2 |
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- possibility to influence the plant i i : : X

- generally fully occupied Fy ol W\W\M WMM WWWW WWWW

- determined by FE-simulations or analytical model il : i ° ?
F E ‘5 10 300 180 0’0 180 3600 180 3600 180 360

X X 01 01 01 01 01

Fy = Tm (¢) iS iS = Km (@) Fy 0.05} 0.05 0.05 0.05 1 0.05
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force-current-matrix K_ (o) Yo w w0to w0 @lo wmo w0 wo w00 w0 w0
- to be computed for control

- simple to calculate for dimension 3 T _(p)K (p)=E

- with higher dimensions: additional constraint i} i, — min

Is

Ko@) =To(0) (T, ()T (@)
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Model and Control
Control Scheme

Position and Speed Controller Current Controller
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Model and Control
Overall System

Signal electronic Power

I

I

. : [ Segment motor
with DSP § electronic :
I
A l
I

Components

* Power electronics

* Signal electronics (DSP)

4 Segments

* Sensor electronics

f(x, v. 9)

Sensor
electronic
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Model and Control
X2C Control Scheme

Position and Spegg Controller

Current Controller

Bearingless Motor
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SyMSpace Bearingless Motor Component

Overview

* Integrated in PMSM->FEMM Simulate BLMotor

SyMSpace Center - Toroid_rect_No10_opt_sell.mop (C:\Daten\Uni\Projekte\ebmpapst\SyM5Space\Optimierung_BLM _Toroid)

File Edit Update Simulation Settings Documentation Extras Window Debug Help

BeE|BRB 4= BE|LEB

Structure

J  enableindexview

| selected inde:

1 (T Projectiiame

- Especification

(- FMaterial_Library

B B Geometry

- Dk

[} (EGeoData

- ] Material Cost
- @stator

; i _ges
B @ 0Rotor

- B3 Pmsm

~[FJFEMM_Settings

~[CJFEMM_Simulate
DOPerformanoefParameber

PMSM_Model _REF

-0 Postprocessing_Settings

330
[struct with 5 fields]

0.956821

|F

Component v1 16404 documentation »

Femm Simulate BLMotor

This component provides a complete
workfiow for  bearingless  (disc)
machines. It automatically generates
the Tm- and Km-matrix and calculates
the current-(bearing)force (kbi), the
current-forque factor (ki) and the
deflection-force factor (kbx) out of
findle element simulation results The
force orbit of a single phase is
analyzed o get the ratio between
minimal and maximal radial force
versus rotor angle. A no-load
simulaton, one load simulation with
constant energization for each of the
m phases and a no-oad simulation
with deflection of the rotor or stator
from centred position (eccentricity)
are performed

Parameter
List of Component paramelters
Parameter Description Info
Factor between for
Simulation_Settings defiection_tactor radial force smulation snd  input
mechanic i gap
PMSM_Control_RadwiForce EccontricityRotor ';M "‘:cmm L
PMSM_Control_RadiiForce biogasbeponapsabi b UHE1
Noload simulation of deflection-
FEMM_RadiaForce force factor with eccentricity nput
FEMM load
FEMM_constant_current_single_phase constant energization for each of  input
the m phases
™ Tm matrix output
Km Km matrix outout

* Multiphase system with proper winding scheme is needed!

Toroidmotor

y

ot E

Zahnspulenmotor
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SyMSpace Bearingless Motor Component
Content

* All phases are energized with constant current
one after the other

[+ [J[EI7_ *Postprocessing_Settings
E] G PMsM_Model _REF

v [ (1 ILP _NoLoad

[P _Mominal

[ 73PMSM_5leevel osses_FEMM
v B () Loadpoint_ACl osses_FEMM
- Eosimulation_Settings

f- [ (3PMSM_Control

- [ (3PMSM_Control _RadialForce
£

[

£

* Displaced rotor is simulated at no load

- [2] ¢7iNoLoad
- [ {)FEMM_RadialForce
H- @ FEMM_constant_current_single_phase

* Resulting analysis

* Tm and Km matrix IIB%L: e
* Torque factor kti (in Nm/A) IIB%&L R
* Force factor kbi (in N/A) ....B%;_ﬁ _oht ey
) ) . - [ (B _fru 0.350439
* Max. to min. force xi_fx (in %) - ) @it [periodic: mean=1.26372, pp=0.0747879]
- [ (Rithd_Km 0.0344277

* Radial stiffness kbx (in N/mm) g:%g::::z:aii:;:':;:; —
oo P e ntindangl nee Ectirn _+. n

B
.
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SyMSpace Bearingless Motor Component

Content e —
* All phases are energized with constant current
one after the other

* Displaced rotor is simulated at no load .

* Resulting analysis
* Tm and Km matrix \: V\ YAJ ,\ e J« - VA" '.mwgl:;i;y of radial force unifonnitg'd°atz;nominal current of 9.745 A
* Torque factor kti (in Nm/A) S S 2 = |
* Force factor kbi (in N/A) LV JRRRRRES [~ AL 4S8R = S ok = sememn 4 = e
* Max. to min. force xi_fx (in %) 1800
* Radial stiffness kbx (in N/mm)
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SyMSpace Bearingless Motor Component
Outlook

* Auto Commissioning with X2C
* Position sensor characteristics

* Current sensor characteristics

* Determine X2C Control Parameter from
SyMSpace

SYME_°
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Bearingless Motor Projects
Examples

* Bearingless Motor Demonstrator Kit
* Education and Training

* Bearingless High-Speed Motor
* Compressors

* Bearingless Magnetic Gear Motor s i

* High Torque Density
* Direct Drive Applications

Slotless stator core

Permanent magnet rotor
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