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CROUPE .
& CARBONE LORRAINE Outlines

mm. Qutlines.
v Origins and basic phenomenon.
v Cogging torque minimizing methods.

v’ Measuring the magnetic orientation.

v Tuning the magnetic orientation.

v’ Conclusions
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CROUPE . .
& CARBONE LORRAINE Origins

mm [Ntroduction.

he cogging torque is due to a
variation of the magnetic

each time a slot passes in front of one magnet end
Cogging torque concerns NOISE and VIBRATIONS
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CROUPE . .
& CARBONE LORRAINE Origins

mm TOrque pulses.

2 poles
2 teeth
Each time a
singleslot  |_____~__J \__
p asses In 1 1 ) il il 1 o fp l 1 1 1 1 1 1 A[mallaz[eangle 1 ! Torque
front of a oulses
magnet end -
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CROUPE . .
& CARBONE LORRAINE Origins

mm Pulses combination (X teeth, 2 poles).

Cogging torque

addition of the torque pulses
generated by all the slots
moving under all the
With 12 slots magnets ends
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(‘1‘: EE%UBPENE LORRAINE Cogging torqgue minimizing methods

mm. 3 complementary ways to minimize the cogging torque

v' ® By smoothing the variation of the magnetic\
energy when each slot passes in front of a

magnet end All
v @ By compensating two torque pulses generated impact
at the two ends of each magnet magnetic
flux

v ® By compensating the torque pulses generated
by all the magnets.

_/

Flux / cogging torque optimization
www.cedrat.com
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(‘1‘: EE%UBPENE LORRAINE Cogging torqgue minimizing methods

mm. Minimizing the magnetif energy variations.
B2 _

Torque F:%—\g/ // ;

air—gap

Amature angle m |
Enlarge the torque
pulse and make it
(more) symmetric

Minimize the 1
amplitude
= Robustness /
l variations of

Peak to peak dimensions
torque decrease WWwWWw.cedrat.com
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@ EEADRUBPSNE LORRAINE Cogging torque minimizing methods

mm. Parameters to minimize the magnetic energy

variations.
armature Segment
Slot Shape of
Opening the teeth

!

Magnetic

Foot Inner Orientation
angle fallaway
transition Inner
radius radius
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(‘1‘: EE%UBPENE LORRAINE Cogging torque minimizing methods

mm. Pulses compensation within a single magnet.

amag amﬁg_;’.Q«slot

.. .
aslo\ 1

0.‘
03

No compensation
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(‘1‘: EE%UBPENE LORRAINE Cogging torque minimizing methods

mm. Pulses compensation within a single magnet.

amag = slot

Good compensation
www.cedrat.com
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@ EEADRUBPSNE LORRAINE Cogging torque minimizing methods

mm. Parameters to adjust pulses compensation

within a single magnet.

armature segment

Slot pitch

-
o/

Pole angle
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(‘1‘: EE%UBPENE LORRAINE Cogging torqgue minimizing methods

mm. Pulses compensation over several magnets.
Nm

0,005

0,005 -

No compensation
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(‘1‘: EE%UBPENE LORRAINE Cogging torqgue minimizing methods

mm Pulses compensation over several magnets.

0

——]

1NN

Partial con:wpensation
Full compensation at\/\?wz\/\/%(éhpétt?@o/n%
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@ EEADRUBPSNE LORRAINE Measuring the magnetic orientation

mm. SiMmple and fast method.

Magnet (Preferably cut widthwise)

But depends on both the geometry and the orientation

2 Magnetic paper (neutral zone visualization)

Digital enhancement
www.cedrat.com
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& ERADRUBPSNE LORRAINE Measuring the magnetic orientation

mm. Fast comparison between two similar magnets.

CAUTION

v Impacted by any surface defect
(chips, chamfer...).

Disoriented =~

v Only to compare magnets with
rigorously the same shape.

v'No quantified data.

Radial ™.
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@ EEADRUBPSNE LORRAINE Measuring the magnetic orientation

mm. Quantitative method.

e o s o EE o o

Polished face Grain growth
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(‘1‘: EE%UBPENE LORRAINE Tuning the magnetic orientation

mm. The magnetic orientation in the ferrite manufacturing

process.
Slurry preparation Magnetic orientation
(calcining & milling) IS Impacted by

, Magnetic design of
the tooling.
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(‘1‘: EE%UBPENE LORRAINE Tuning the magnetic orientation

mm INCidences of different press tooling designs.

Tooling| O = 0° | QL = 55°

80 -

70 -

60 -

50 -

40 -

Impact the cogging
torque

30 -

20 - Tooling 2

10 -

0 10 20 30 40 50 60 70 80
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CROUPE

CARBONE LORRAINE Tuning the magnetic orientation

mm Finite elements modeling.

Motor geometry

2D geometry:
v'Geometric parameters;
<< v'Standard components;
; v'Rotating bandwidth.

Solving process:

v'Non linear ;
v'Parametric;

v'/Along one tooth pitch.

Results analysis:
v'Cogging torque;| &
v'Flux. '

0 10 20 30 40 50 60 70 80

USRMAG routine
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@ Ei?;ugpéNE LORRAINE Tuning the magnetic orientation

mm. Effect on the B2 distribution.

80 1

60

70 A

Smoothed B2 variations

.

Magnetic energy variations
a decrease

60 | ‘Radial -

50 A

40 Tooling 1

30 1

20 1

1,6E-01 B 0 / 10 20 30 40 50 60 70 80
Radial

B2 (T?) '
1,4E-01 -
OPTIMUM
1,0E-01 - ’
8.0E-02 - Pulses compensation
60502 | iImpacted
4,0E-02 7 Tooling 2
2,0E-02
0.0E400 ‘ | | | | | Angle ‘(deg.) ‘ |
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@ CROUPE
CARBONE LORRAINE
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Tuning the magnetic orientation
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Tooling Radial 2
15.6
Calc. 21.7
Peak to peak |t@lC (-40%) (-28%)
cogging torque 10.2 17 4
(MmNm) Meas. 21.6 ' '
(-53%) (-20%)
Calc. 0.552 (01'53‘(1;’) (09;56?)/2)
Flux (mVs) 0 6352 0 62;
Meas. 0.65 ' '
(-1.8%) (-4.2%)
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@ Ei?;ugpéNE LORRAINE Tuning the magnetic orientation

mm. Optimizing the press tooling structure.

Flial
i
i
Bilun
|{|(| MNM

Center of magnetic
orientation

Magnetic structure
of the press tooling
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(‘1‘: EE%UBPENE LORRAINE Tuning the magnetic orientation

mm Results (front wiper 2).

10 e . 0,0%
= 9 : -0,5%
S : : S
v 8 : -1,0% X
- Ellax robustness / magnet : | 5ol L
= height tolerance ‘ "L
c a
= 6 : -2,0%
S :
O 5 : -2,5%
4 -3,0%
=
3 = -3,5%
2 = -4,0%
O
1 = -4,5%
Orientation center shift (mm) e~ &
: : : : 1 : : : : 1 : : : j ‘ : : : : 1 : : : : 1 : —— : - o)
0 -30 -25 =20 / 15 -10 = o 5,0/0
Cogging torque - 96%
Flux - 2% www.cedrat.com
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(‘1‘: EE%UBPENE LORRAINE Tuning the magnetic orientation

mm. Results and economical aspects (iront wiper 2).

Tooling parameter 0

-5 -10
(mm) | (radial)
5.9 2.8
Peak to peak | Calc. 1.7 (-23%) (-64%)

cogging torgque 6.2 2
(mNm) Meas. '
(-11%) (-43%)

Z — 7
E Not radial ! j/ v

Require to manufacture different
tooling.

COST!

www.cedrat.com
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CROUPE .
€] CARBONE LORRAINE Conclusions

mm a multi parameters solving procedure involving -

¢ e I T Material tuning and
‘i :!I :'..J "i“l'll i l_l' i i |i'i|i'| H! characterization
. ||| \ |"h| | n\" Wi techniques
I l' E. !I I ill' .; | L -. |I' . . II |
Magnetic modeling
(pressing & motors)
| APARARY ‘-@ Motor measurement

. that requires a multi expertise know how.
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