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Methodology Magnequench.
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Original seat motor with HDDR anisotropic magnet has been
benchmarked.

Testing the motor using the dynamometer.

Flux and cogging torque measurement using slotless core airgap
flux measurement and cogging torque setup.

Skew angle for the magnetization of the magnet has been
identified.

Key motor physical dimensions including the magnet dimensions
have been noted.

A magnetic fixture to magnetize the isotropic bonded neo magnet of
the same benchmarked motor magnet dimension and with skew on
the magnet magnetization has been designed and fabricated.
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Methodology Magnequench.
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Magnet with *MQP-B+ and MQP-14-12 material has been magnetized
and placed in the seat motor housing in place of the original HDDR
anisotropic magnet. Magnet flux, cogging torque and the motor
performance has been measured using the dynamometer. The same set
of motors are kept in oven at 120° C for 24 hrs and the magnet flux and
motor performance has been evaluated again after thermal aging.

To get rid of the effect of temperature on the insulation, brush and
winding resistance, the armatures and brushes of the motors kept in the
oven are replaced with new ones before testing the motors.

The average torque, armature current, motor speed and efficiency are
also compared with the corresponding motor data before aging test.

*MQP-B+ refers to MQP-B+-20056-070
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Actual ring magnets of the same dimension as of the benchmarked
motor with HDDR anisotropic magnet from MQP-B+, MQP-B and
MQP-14-12 material
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Motor Testing using Dynamometer Magnequench.
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Dynamometer Test Setup for
Motor Characteristics
Measurement
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Magnetizing Fixture to Magnetize Isotropic Bonded Neo Mﬂgﬂﬂﬂ"ﬂ”ﬂn@

Magnet with Half Slot Pitch (18°) Skew for the Seat Motor  Leading Magnet Innovation™

CONFORMAL COATING & COPPER WINDING (AWG 13)
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VACUUMING OF EPOXY THROUGH THE METAL CORE



Magnetization of the Isotropic Bonded Neo Magnets Mﬂgﬂﬂﬂ"ﬂﬂ[m@
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Magnet

Laminated back
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Magnetic Fixture

Magnetizing current pulse
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Magnetization of the
magnet is skewed by 18°

I~
\\
Benchmarked seat motor Seat motor housing Side by side seat motor
housing (HDDR anisotropic (Isotropic bonded neo housing with different

magnet) magnet) magnets
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Weight of Magnet Ring for Different Materials

Magnet Material HD.DR MQP-B MQP-B+ | MQP-14-12
ANIso
Weight (gm) 23.00 22.30 22.52 23.03
% Change from
HDDR ANiso -- -3.40 -2.09 0.13
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Cogging Torque
Measurement

Hall senspr or
probe
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Motor housing




Variation of magnet surface
flux density for different
magnets before aging

Note: The MQP-B+ magnet
was magnetized by
applying an incremental
voltage
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Variation of magnet surface
flux density for different
magnets after aging at 120° C
for 24 hrs
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Comparison of flux/pole when Isotropic bonded magnets are magnetized at

1750 V
. HDDR
Magnet material ANISO MQP-B+ | MQP-14-12
- Befct’re ag'”? 24.80 24.79 24.83
Flux/pole (Room temperature)

mWb i o

( ) | After aging at 120°C e o oy
for 24 hrs

Change from room temperature (%)| -4.41% 0.23% -0.76%

Note: The MQP-B+ magnet was magnetized by applying an incremental voltage.
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: HDDR
Magnet Material ANiSO MQP-B+ | MQP-14-12
Minimum Torque (mN-m) -11.804 | -20.547 -10.670
Maximum Torque (mN-m) 13.460 15.888 12.067
Peak to Peak Torque (mN-m) 25.265 36.435 22.736

Note: The MQP-B+ magnet was magnetized by applying an incremental voltage.
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Motors are kept in the oven at
120<C temperature for 24 hrs.
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Performance of seat motor with
different magnet material for before
and after magnet aging at 120°C for

24 hrs.
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Torque Vs. Speed Torque Vs. Current

Torque Vs. Power Torque Vs. Efficiency
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Torque Vs. Speed Torque Vs. Current

Torque Vs. Power Torque Vs. Efficiency

Note: The MQP-B+ magnet was magnetized by applying an incremental voltage.
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Torque Vs. Speed Torque Vs. Current

Torque Vs. Power Torque Vs. Efficiency
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Variation of current with torque
for motor with different
magnets

Variation of speed with torque
for motor with different
magnets

Note: The MQP-B+ magnet was magnetized by applying an incremental voltage.
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Variation of efficiency with
torque for motor with different
magnets

Variation of output power with
torque for motor with different
magnets

Note: The MQP-B+ magnet was magnetized by applying an incremental voltage.
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Variation of current with torque
for motor with different
magnets

Variation of speed with torque
for motor with different
magnets

Note: The MQP-B+ magnet was magnetized by applying an incremental voltage.
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Variation of efficiency with
torque for motor with different
magnets

Variation of output power with
torque for motor with different
magnets

Note: The MQP-B+ magnet was magnetized by applying an incremental voltage.
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* For the same half slot pitch skew angle on the magnetization
of the magnet the measured peak to peak cogging torque for
the motor with MQP-14-12 magnet Is lower compared to
benchmarked motor with HDDR anisotropic magnet.

« Due to aging the magnet at 120° C for 24 hrs the flux
reduction in the case of motor with HDDR anisotropic magnet
IS 4.41% compared to the 0.76% for MQP-14-12 magnet.

« The no-load speed of the motor with HDDR anisotropic
magnet changes to 3076.28 rpm from the 2995.83 rpm when
the magnet is exposed to 120° C for 24 hrs. This change In
speed is 2.69%.
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e In case of motor with MQP-14-12 magnet the no-load speed
after aging the magnet at 120° C for 24 hrs is 3405.13 rpm
compared to 3351.85 rpm before aging. The change is
1.59%. The lower no-load speed confirms the lower flux
reduction due to aging in case of MQP-14-12 magnet.

e The current drawn by the motor with HDDR anisotropic is the
lower compared to the motor with isotropic bonded neo
magnet before aging but after aging the magnet the current
drawn by the motor with MQP-14-12 magnet is very
comparable to the one drawn by the motor with HDDR
anisotropic bonded NdFeB.
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 The maximum efficiency is 63.28% and 61.85% respectively
for before and after aging the motor with HDDR anisotropic
magnet at 120° C for 24 hrs. This maximum efficiency occurs
at load torque of 80mN-m.

 The maximum efficiency is 63.36% and 67.10% respectively
for before and after aging the motor with MQP-14-12 magnet.
This maximum efficiency occurs at load torque of 80 mN-m
and 70 mN-m for before and after aging at 120° C for 24 hrs.

e The peak power developed by both motors with HDDR
anisotropic magnet and MQP-14-12 magnet is comparable
for both before and after aging the magnets at 120° C for 24
hrs.
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Isotropic bonded neo magnet with MQP-14-12 of the same
dimension as of HDDR anisotropic magnet Is very
competitive and gives the comparable performance for
applications which needs a temperature specifications of
120°C and seat motor is one such application.

The use of isotropic bonded neo magnet reduces the overall
cost of the seat motor compared to the seat motor cost with
HDDR anisotropic magnet, because of the lower magnet
material cost.

The easier magnetization and the flexibility in the
magnetization pattern will also add to the advantage of using
the isotropic magnet for seat motor application.



