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Problem Description CADFEM

Demo Problem: Short PMSM, 6 Pole Pairs, 72 Slots, Hairpin Winding

End winding’s influences shall be accounted
forin 2D simulations, special case hair pin.

Assume no iron in the end winding region.

Approximate flux parallel at the end of active
region.
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1) Inductance from Static Maxwell Analysis, T-Q  CADFEM
Model
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1) Inductance from Static Maxwell Analysis, T-Q  CADFEM

Solution

Y

90‘ mesh time
15 solution time
60‘ matrix time

Current density shown
from phase currents

1A, 2A, 3A
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1) Inductance from Static Maxwell Analysis, T-Q  CADFEM
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2) Impedance from Harmonic Mechanical, A-® CADFEM
Theory

Harmonic current 1Ais fed into winding k

Time integrated voltage V' is measured at
winding |

V(t) = J Ut dr

V=U/ia)
U=(R+iwl)-I

ia)+ iV, )= (R+ iw@

Real part of time integrated voltage gives
Inductance.

© CADFEM 2020 M. Hanke: End Winding Impedance Calculation 7



2) Impedance from Harmonic Mechanical, A-® CADFEM
Model, Result

Periodic sector
Electrical periodic and inner terminals with APDL e

419605 elements: solid236/237 magnetic edge
10° elapsed time for 3 load steps

10 Hz:

0.988831E-06 -0.328137E-06 -0.328223E-06
-0.328137E-06 0.989335E-06 -0.328096E-06
-0.328223E-06 -0.328097E-06 0.988927E-06

1000 Hz:
0.986678E-06 -0.327491E-06 -0.327564FE-06
-0.327491E-06 0.987071E-06 -0.327471E-06

-0.327564E-06 -0.327471E-06 0.986721E-06
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3) Impedance from Q3D, Method of Moments CADFEM
Model

Full model of wires only e
24 signal nets with source and sink pairs
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3) Impedance from Q3D, Method of Moments

Result

Result is full inductance
Matrix after 98

Projection with winding
number matrices give
winding inductance

Inductance in nH
per sector:
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3) Impedance from Q3D, Method of Moments CADFEM

Frequency Dependence

Frequency dependence full end winding

Interpolation from volume (DC) and surface
(AC) mesh results
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4) Static Inductance from Biot-Savart's Law CADFEM
Theory

](7"

executed over all periodic sectors is solution of
AAF) = —pg - J(P).

Ifﬁ; Is the turn density vector for load case k

coming from 1A current in vvinding k and Ajls

we find the flux linkage matrix element:

‘Did:jﬂj_k)‘zz)'d r

by integration over winding k only.
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4) Static Inductance from Biot-Savart's Law CADFEM

Numerics in Ansys Mechanical

39801 elements: solid232 current conduction
Solve three load cases: 24" elapsed time

Postprocessing: 18° to find one row of static
flux linkage matrix in Whb:

MY FLUX11 = 0.9884747759E-06
MY FLUX12 = -0.3249750294E-06
MY FLUX13 = -0.3249925750E-06




Summary: Inductance Calculation Methods CADFEM

Method

Maxwell T-Q Easy to use Simplified geometry Easy to use
Singly connected
conductors
Long meshing time
Mechanical A-® Fast Scripting needed Fastest
Inflation mesh for skin effect
Q3D MoM Mesh for conductors only Full geometry Most convenient
Frequency dependence Frequency interpolation
Direct circuit export
Mechanical Mesh for conductors only Scripting needed Easiest mesh
Biot-Savart Sector geometry Integration for vector

potential takes long time
DC only



