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EMC: Elementary Magnetic Circuit
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OPERATING PRINCIPLE OF HEFSPM
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Supply Voltage & Current - Geometry

SUPPLY

Rated 285 Vdc
maxi 400 Vdc
mini perfo max 270 Vdc

HH

mini perfo min 200 Vdc
Drop Voltage DC/AC Inverter 10%

Phase Voltage — RMS Value Rated 115 Vrms
Mini perfo max 109 Vrms
Phase Current — RMS Value Maxi 261,7 Arms
DC Excitation Voltage 400 Vdc
DC Excitation Current 50 Adc
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7
Performances

Couple POINT 1

A

Cm,.ﬂ: = 48Nm

Qiose = 2605¢r /min Doz = 12000tr /min

S o 20’ 220 N.m
[T I @ Base 2605 tr/mi
MaximumSpeed [ 12000 te/min
Continuons Power L R 21 w
Maximum Power ———_________[TFE 60 w
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HEFSPM - Prototype version

Number of Stator Slots

Nr 10 Number of Rotor Slots
Dy ext 260 mm Outer Stator Diameter
L 110 mm Active Length

D, 196,3 mm Bore Diameter

Lenc s 18,54 mm Width of Phase Slot
Hene s 9 mm High of phase Slot
Lenc_exe s 12,88 mm Width of Excitation Slot
Henc exe_s 20,24 mm High of Excitation Slot
L, 10 mm Width of Magnet

H, 6,56 mm High of Magnet

e 0,8 mm Airgap Length

D, ot 194,7 mm Rotor Diameter

Ly, 24,7 mm Width of Rotor Teeth
Hg, 23 mm High of Rotor Teeth
D., 50 mm Shaft Diameter
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TECHNICAL DEFINITION OF THE HEFSPM

000000rpm
000deg

-1

T
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Xe

+A

200 frmmi

PHASE WINDING
Number of // wires
Number of turns / Coils
Wire Diameter [mm]
Number Coils in Series / Phase
Phase Resistance @ 20°C [mQ2]
Current Density @ Max. Current [A/mm?]

EXCITATION WINDING
Number of // wires
Number of turns / Coils
Wire Diameter [mm]
Number Coils in Series
Phase Resistance @ 20°C [QQ]
Current Density @ Max. Current [A/mm?]

1,25

22.35
35,53

50
0.75
12
2.4
28.3
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Why Park Approach is Still Valid ?
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Not obvious to consider the machine as classical synchronous machine
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MATHEMATICAL MODEL

de — @d(‘!rd?qu!f)
Iq € [—400,400]Amps; I, € [—400,400]Amps; If € [-50,50]Amps
O, = Oy(l4.1,1f)

= MAXWELL 2D® FEA Computation 405 computation over 2 electrical period
= 9 points for Id, 9 points for Ig , 5 points for If.

= FEA @ 1000 RPM : Torque , Fluxes, Iron Losses, Magnet Losses, Induced Voltage
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Inductance and Motor behavior

{{bd = {Dv + Ld Id

Saleincy Ratio

0.16 -
0.14 -

0.12 4
0.1

Ld [mH])

0.08 -
0.06

0.04 .
400

Motor exhibii the behavior of Surface Mounted PM Motor
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Optimization problem

4T [NmM] a0,
Vd - —_— metbq + Rsfd

(I dxs I gxs I fx) ? dt
dd

q
Vdc V';I =—* meq)d + Rsfq
\- || Vs = JVdZ+ Vg2 < 09— a
e 7

Is = JIZ+1q° < lymas Tym = 2P[$lg + (La = L)lal,]
i >

X Speed[RPM]
= fminimax function of MATLAB® to solve the following optimization problem :

Find (14 1, If) that allow losses minimization

Vdc
Vs = JVd?2+Vg? <09—
v q 75

Is = 1d? + 1q% < Igmax
Tom =Ty @ Q = Q,
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OPTIMAL CONTROL STRATEGY

Torgue [Nm)]
=

Iq - Stator Current RMS map [A]
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OPTIMAL CONTROL STRATEGY

If - Field Current [A
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Vs - Phase voltage RMS map [V]
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Torgue [Nm]

RESULTS & ANALYSIS
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Torque Ripple and Efficiency
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Rotor Iron Weight [kg]

Stator Iron Weight [kg]
Magnets Weight [kg]

FE Cooper Weight [kg]
Phase Cooper Weight [kg]
Total Machine Weight [kg]
Torque Density [Nm/kg]

Values

12,8 C’o&lt

15,7 2 b
0,684 0.?0

3,33 S
2 (4)
1,3 Oc

33,8
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