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e 2D Transient end-ring Loss and Current Output
 Enhancements for Electrical Machine Design Toolkit

* High Frequency Resolution in Harmonic Force Coupling

* Field Loss Output Independent of Save Field Setup

* Conductance Matrix Extraction from 3D DC Conduction Solution

 Band Layer Mesh for both Static and Moving Side
e UDP for Slot-less Motor
 Temperature-Dependent Multiple BH Curves

* Anisotropic Core Loss Coefficient Support




2D Transient end-ring loss and current output

B Report: yzd132-4 - Maxwell2DDesign2 - New Repert - New Trace(s) X
* Add solid Loss curve for each end connection o oo iy et -
in result report e ==
v [ =N
* The solid loss includes solid loss on all the e | e —
bars and on two end rings of the specified
end connection e
* Add end-ring current curve for each end
connection in result report Ernay =
) ) ) Output Variables... | Optors... [ ewReport | | | ﬁ
 The end-ring current is the current in the

ring between first bar and second bar of
the specified end connection

* |n end connection, the bars are
numbered starting from x axis and in
counterclockwise direction




Enhancement for Induction Machine Design

* Periodic TDM Improvement
* Half-periodic TDM option
* Rotor loss at rated operation

_ TDM (referred to locked-rotor) Non-TDM (at rated speed)
5%

Torque 3.0 kN 3.16 kN

Current 3.06 kA 3.03 kA 1%

Core Loss 472.8W 529.9W 10.8%
Eddy Current Loss 41+23.4*0.1%=41.2W 41.145.5=46.6 W 11.6%
Hysteresis Loss 401.4+191.9%0.1=420.6W 403.9+67.1 =471W 10.7%
Excess Loss 10.9+6.1*0.1%°>=11W 10.9+1.4=12.3W 10.6%

Rotor Solid Loss 240.5/ 24.05 kW 29.45 kW 18.3%

Stator Winding Loss 140.5 kW 137.7 kW 2%

Total loss 165 kW 167.7 kW 1.6%
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Enhancement for PM Synchronous Machine Design

e Support Periodic TDM

* Observation : at synchronous speed, the rotor will satisfy the full periodic
condition even if the stator satisfies the half periodic condition

* Auto-Align DQ Axis

e /ero stator current

 The angle gamma is obtained based on the phase shift of the fundamental
component of phase-A flux linkage
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Main Improvements in Pre-Process \ R

.. Machine Toolkit

D-Q Axis
Auto-Align D-Q axis

* Separate Mechanical Loss Input Y

Winding Orientation = CounterClockwise

. . Phases
Y F t I PhaseA PhaseA -
rIC Ion Osses PhaseB PhaseB -
. PhaseC PhaseC hd
L] WI ndage |osses Use same values for PhaseB and PhaseC
PhaseA resis tance [Chm] 0.05
End winding induct. (PhaseA) [mH] = 0.025

* Remove Periodic TDM Setting Sl IS RS

Coreloss
D Use custom coreloss

 Get TDM information from the source design

Friction losses [W] 0

* Reduce DOE settings for periodic TDM Windsg Iosses 0

Reference speed for losses [rpm] | 1500

* IM: Sinusoidal PWM Control

* User defines DC voltage and limit of modulation index

 External circuit with PWM control is created .
° Kf = fC/fm == 30 ; @- Dz J

o
Y8

() Zoud) ol

| l I W PWM controller
() ) i)
! 1 4,

External circuit with SinPWM modules
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Main Improvements Post Process

* More Maps

* Gamma map: for PM synchronous machines
* Slip map: for induction machines
* Winding loss map
* Core loss map
e Solid loss map
* Mechanical loss map
* Power factor map
* Torque ripple map
* Values from Time-Varying Curves

Version 2019 R1_| Version 2019 R2

Torgue and Loss average average

Torque NewlonMeler]
2 g

400000 800000

Phase AC Variables rms rms




Main Improvements in Post Process (Cont.)

* Induced Voltage RMS Values

* Before: derived directly from the waveforms, including fundamental and
harmonic components

* New: derived from d-q flux linkages, including fundamental component only, to
balance applied sinusoidal voltages

 Terminal Voltage RMS Values

e Before: directly obtained from induced voltages, which will not vary with
leakage impedance

* New:

* For induction machines: obtained directly from swept voltage variable, leakage impedance
already considered in the parametric solutions

* For PM synchronous machines: derived from d-q currents and flux-linkages, leakage
impedance is considered in post process, map profile changes with leakage impedance



High Frequency Resolution in Harmonic Force Coupling

Harmonic Force Calculation
0 New option: Repeat of sampled data

Enable Harmonic Force Dialog x

===
Gemeral , Advanced | Link to LMS
Gemersl bmkctotms] _ _ _ _ o _____

Mumber of repeated sample windows: 6

Sample window

(" At Completion

Mumber of cycles from stop time: |1

{* Time Range

Start At: 0 s =
Stop option:

« Mternumberof cycles: 5

(" Stop At: j0.01 s <]

Force [n]

Force [n]

Harmonic Force and Last Cycle 2 Maxwel20Design b

0.00

Curve Info

~®  Force time history
Imported

— last cycle_FFTinverse|
Imported

-20.00"

-40.00
-60.00

-80.00

-100.00

0.00 35.00 40.00

2 Maxwel2DDesignz A

10.00 15.00 20.00 25.00 30.00

Harmonic Force and Last Cycle Repeat 5 times
OOO Curve Info

~®- Force time history

5.00

Imported
— lastcycle and repetition (5x more)_FFTInverse
Imported

-20.00

40.007] 4 + .

6000 14 ¢

-80.00 24

j iV

-100.00 +———
0.00 1000  20.00

UHU

30.00

40.00 50.00 60.00 70.00 80.00 90.00

time [ms]




Enable High Resolution Spectrum

FFT from
Original Sample

——

FFT from
Repeated Sample

—_——

Force FFT

assm-1_2D_ElementBased1 A

Curve Info

- Force FFT
Imported

% Force FFT(10x)

Imported

Frequency (Hz) [kHz]

I
2.00




Enable High Resolution ERP Waterfall Plot

1047.2
96.008
522,24 |
75.266
798.49
64,514
=)
674,13 33.761 2
; ]
Harmonic Force Spectrum LssmimM3Ip o M - g
15.00 5 2
Curve Info ; 43,009 E
12.50 FFT_OriginalSample ] =
Imported % 348.78 I:E
-
10.007 - FFT_SampleRepeated10x ; 32.257 8
Imported o =
B -3 =
7.50 ]
435,42 =
] 21,505 o
T 5.00- g
8 : =
g ] >
£ 2807 10,752 ‘5
] . 30.07 =
1 i i s psisia T N, PP PSR PO A
0.00 \ Y —— i B
| 0
-2.50 ]
176,71 .
=500 9067
-7.50 T T T T
0.00 0.50 1.00 1.50 2.00 2.50
Freugency [kHz] 52.36
[
11.111 5009.7 10008 15007 20006 25004 30003 35001 40000

Frequency (Hz)
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Field Loss Output Independent of Save Field Setup

* For multi-physics coupling, averaged loss over one cycle is required

* Averaged loss can be obtained from integrated loss with time by

(Pb' Pa)/ (tb' ta) Pa
time points t,, t;, .... have to be included in save field setup Integrated loss profile

e Currently, solver only output integrated loss to field post-
process. Thus, instant loss has to be recovered from
integrated loss

 Recovered Instant loss is correct only if all time steps are
included in save field setup

* This enhancement is to have solver to directly output
instant loss in addition to integrated loss so as to be
independent of save field setup
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Conductance Matrix Extraction from 3D DC Conduction Solution

Z

Conductor2

 Definition

[ Conductori
Il Gll Gl! Glﬂ I"rl or I - GV - Conductive Media
Lyl _ |Gy Gy - Gyl |75
F
_Irz_ _Grzi GJL! sz_ _]:rz_

Ground Plane

For example, a two conductor system with a ground plane
1,=G 1, *V1+G,*V,
1,=G,,*V1#+G,,*V,

I EE Excitations
. . . . B Sink : @ Voltagel )
* Either a “sink” excitation or at v | Matrix 1% Vohagez | Matrix
853 Voltage3
least one “ground” to be z 33:::::: Setp | % Voltageg SCUP |
T T T T T C-fe Parameters ,
explicitly selected from voltage =& rarameters — CEAmasa | Name:  [Mat
- : - Matrixt Name: ~ [Matix £1-88 Mesh Operati
excitations has to be defined £1-88 Mesh Operatio " # Length1 Sowce [Siguallconnd
.l Length1 Source | Signall Groundl £ Analysis VoltageG - [
* Forthe time being, only voltage = # Andlvss |_|Voltage2 Mo T #sewpl | |vollagel [
' . . ’ 4P Setupl Voltage1 v - Optimetrics Voltage2 2 r
excitation is supported (exclude @ optmerrcs [Ty g0 T (DResits  lvokages | [ [
current excitations) Sink defined

Ground defined




N __________________________________________________________________________________
Band Layer Mesh for both Static and Moving Side

* New option in clone band mesh: number of layers

e User will be able to control the number of layers
near the band on both static and moving side
without destroying clone mesh

Coupled with pre-existing band mapping angle
option to allow user to have more freedom to
control the mesh near the band

] 2019R2

Cylindrical Gap Mesh Operation >

Name: IE_I.JIindricaIGap1

¥ Clone Mesh

— Band Settings

M apping Angle: I'I Ideg LI

2019R2 r o e [
New Ul || Moving Side |3 I
I |
I I

Static Side |2

~ | 1layer in edge cut.
_____________ 2 layers on static side.
ok | Cancel | 3 layers on moving side.

N




N

Band Layer Mesh for both Static and Moving Side

The Band-Layer Mesh occurs only above
and below the “Band”

- Between the bottom surface of any
object associated with “Stator” and top
surface associated with “Rotor”

15 | ® 2019 ANSYS, Inc.

ANSYS Confidential m
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UDP for Slot-less Motor

A slot-less motor:

* Poly-phase hollow-cup windings without slot

* Extremely quick response and high acceleration

* Quiet and smooth operation

* Able to run at very high speed due to less core-losses
* Applications: Medical and portable industrial tools
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Temperature-dependent Multiple BH Curves

In addition to existing thermal modifier, support input temperature-dependent
multiple BH curves

e Solver will recreate a new nonlinear BH curve based on specified or computed temperature
element by element

 Two way thermal coupling is supported

Material Name Material Coordinate System Type:
i Cartesian

i A p p I ica b I e to b ot h 2 D a n d 3 D Properties of the Material Wiew/Edit Material for

Name Type WValue Units & Active Desian
° N Y o |
[ ] M t t t Bull: Conductivit
agnetostatics T p— e
M agnetic Coerci
- Magritude |
T lw Component | Temperature | - Swap iy Data Import D ataset... Export Dataget... [ Show all curve:
* Edd t o
c u r re n LI " Component E Hormal
- Z Component
- L Core Loss Model -0 dinates o R
[ J T t Mags Density -
ra n S I e n 1 Compasiion - H [&_per_meter] ‘D B [tesla) ‘ " 2.00
Young's Madulu —
e B . 2 |mzysy 0.149263 = 150
Poisson's Ratio — 4
— 2118144 0.3632048 E
M agnetostriction — o 100
— “1Nea7 0.552826 ELI b
Irwerse Magnetg —_ ES
— 5 | 456,083 0.840295 © e
& 1100528 1.03931 )
1 7 |1966.42 117193 000 5 ! e I
Notes N 1215 0.00E+00 2.005+04 4005404 B.00E+04 8.00E+04
¢ 1438716 1.32678 H (A_par_metar)
|Ea_ 101883174 1.39865
o H B
| ‘ Intercepts |U |U
Append Rows
| ‘ Units |Aiper7meler j |t ! J




Y1[mV]

Application examples
* Eddy-current heating

* Transformer

100.00

75.00 7

50.00 7

25.00

0.00

-25.00 ]

-50.00

-75.00 ]

--------
~~~~~~
-~
-
-~
-~
N
~
=
~
N

Setup1 : Transi

Imperted

Imported

— InducedVoltage(50 Cel)
ient
— InducedVoltage(120 Cel)

== InducedVoltage(75 Cel)

\\\
~
S
ST

~~~_
-------

-100.00
0.00

T
2.00

T
4.00

Time [ms]

T
6.00

T
8.00

10.00

Eddy-Current Heating of
Ferromagnetic Materials

Coil

=

\<

Insulating material
T-» Z Billet Fire-resistant material

Billet Heater

1.60
140 7] Curve Info
— 25-550Cel
120 7 — 600 Cel
—— 650 Cel
g 700 Cel
1.00 7 —= interpolated [
=080
060
040
0.20
1
0.00 — T T T T T
0.00 5.00 10.00 15.00 20.00 2500 30.00

H(KA/M)

S45C (carbon steel, carbon: 0.45%).
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Anisotropic Core Loss Coefficient Support

. . . . . E&] view / Edit Material X
* For isotropic core loss coefficients, the core loss in — —
atenal Name atenal Coordinate System =4
freq uency domain h13_245_2D5F0.950 | Cartesian = =l
Froperties of the Matenal Wiew/E dit b atenal for
— —_ 2 2 1.5 ame ] alue nits ~ v ; i
P v P h +P c +P e Kh f (B m) + Kc (fB m) + Ke(me) Relative Pr:rmeability Non-:-i:Zar | B-HVEIuwe... e :Zc?vezes-@r:
_Eulk Conductivity Simple 1] giemersm g it
* For anisotropic core loss coefficients, the coefficients [ Megretic Cosiy Vects C AlPrapetes
. . . . . . . | t agritude Wector Mag |0 A_per_meter Phyzics:
have different value in different principle directions: | RComponen Untvectar 1 @
| ' Component it Wector |0 =
- Z Companent Uit Wectar |0
(Khxl hyi Khz) ( cx’ cy' ) and (Kex' Key; K ) _Ee EciISteeI wlm™3 r

- ke

Wiew/Edit Modifier for

* Input anisotropic coefficients by choosing “Anisotropic”

— [~ Thermal Modifier
H - kde Simple: 0
from pUII-down IISt Of the property type Nt Equiv. Cut Depth Simple 0.0m meter
N Maszz Denzity Simple TEA0 kgdm™3 t atenial Appearance
: Compaosition Solid [~ Use Material &ppearance
Youna's Modulus Simole 0 M/m™2 v

Motes |

|Calculate Properties for: ﬂ Y alidate Material
| | Cancel ‘




