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iﬁ; CADFEM NVH in Electric Powertrains

* NVH (Noise, Vibration and Harshness)
analysis is becoming more and more
requested during the e-machine design
process

 NVH is therefore a complex multi-physics
problem, requiring knowledge on
excitations and dynamic response of the
structure

 NVH is fundamentally a system issue, as

the system response to motor and gear
excitations needs to be considered
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%@; CADFEM NVH Sources

NVH analysis is a key challenge due to
sources of different nature:

* Electromagnetic (e.g. magnetic forces)
 Mechanical (e. g. gears, bearings)

* Aerodynamic (e. g. cooling system)
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% CADFEM E-NVH Simulation Loop

Magnetic System Mechanical system

(Deflection)

Acoustic system

(Forces)
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ﬁ:;;; CADFEM System Simulation for

Fast Transient NVH

Electric

Excitation !
machine

Forces

Vibrating

Deflection

structure
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- System Simulation for
iﬁ% CADFEM Fast Transient NVH

MechanicalDatal

d ROMS NDTAB1
CONST —QJ | B $
— ECE model: reduced order - const |- L e,
model for the electrical machine : C ’

Mech_Angle

based on flux linkages and
torque look-up tables

— Force waves look-up table: force
wave coefficients are reported
in function of currents and rotor
position

A0

BO

Cco

Pos

— Vibrating structure: it consists
on a state space model with
force waves as input and the
surface deflection waves as Lo
output

CompDIgWizard
0
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ﬁ::}; CADEEM Fast NVH Workflow with
Motor-CAD

With Motor-CAD you can:
— Implement a reduced order model for the electric machine
— Calculate the force waves look-up tables

— Export the machine geometry in Ansys Mechanical Workbench for creating the mechanical
state space model

Force Waves Look-up Table from Motor-CAD

i

Points

F_0_Motor-CAD ——F_8 ¢_Motor-CAD F_8 s Motor-CAD ——Id_peak [A] ——Iq_peak [A]
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§§;}§ CADFEM  ECE Model Using Motor-CAD

The Saturation and loss map tool 0 Sauration and Lo Mop Epor -0 x
generates saturation and loss data for i . el
use in other analysis or modelling tools ottt LR G)

completed with FEA calculation method maximum

Input Definition: Stator Cument Peak:
(O Stator Cument / Phase Advance ) 150
(® D/Q Axis Currents T [ Export Saturation Map ] Export Loss Map
Calculation Method: - 3000
Contour Mode | Surface Mode Grid On  Show Legend Export Figure Export Data  Refresh Units  Comparison Mode O Interpolate Lab Model (defaut)
(®) FEA Calculations .
[ Graphing | Data € Graph Settings [= Export Settings Phase Advance: Calculate Saturation Map
FEA Calculation Type: 90
(O Single Step -
£L£.9
(® Full Cycle (defaut) Cancel Calculation
Resuits: -
(O Average (default) D Axis Current: Lond Ve
Varying with rotor position
Step:
o w0 ep :
3 Minimum:
2
i3
‘a Q Axis Curent:
= T
3 - .
& Maximum: -“:::-
o S
Minimum:
100 100
19 Pagi (f: ) -50 -50 lf peak (R) __ !
-100 100 : )
Banding Thickness 0
Shaft Dia 80
) Geometry Parameterisation:
Shaft Hole Diameter 0 (® Dimensions () Ratios CheCK Red
X Axis: |1d Peak ~ Y Axis: |Iq Peak +| Z Axis: |Flux Linkage D -
Length (157.90.100.20) mm  14Jun
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g CADFEM

« The ECE Model is a circuit model based on a combination of motor equations/circuit components and
look-up tables for flux linkages and torque, obtained from pre-computation of fields results for each
variation of all excitation and moving parts via interpolating the input variables of the look-up table

ECE Model Using Motor-CAD

* [t can be imported into Twin Builder using a .sml file

Ui

YO
5
X0
—F]
Z0
ROT1
— L]
ROT2
——F]

!

—

. 0 iq| id 0
(AN —»
\A) ra ad
— A 1D Table
Kf/ ECE Look-up Input: 6
b Tables Output: T
<A> — J From
- () i Ab dth 2 input
- © id, iq, ©
. K[/ abc q
N IC -
o A= Output:
\_J7\ Ac 20 | ad, 2q, 0, T

T

T Lf+
4’9 \Q
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i@; CADFEM ECE Model Using Motor-CAD ...~ am
B

* Flux linkage and torque values are

calculated using the Saturation and Loss N
Map Tool into Motor-CAD /
* A script has been implemented in order
to realize look-up tables ot — | . |
« OUTPUT -> .sml file
YO File Edit View Insert Tools Desi)p Window Help
D dede @06 K E
AEO XO 300 Torlque
BO 70 \
100
CO ROT1 g
[+— —] g ol
Pos ROT2 g
B— _E -100 r \
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#g;;; CADFEM Force Calculation with
Motor-CAD

* Forces are calculated from the airgap magnetic pressure
applied to the inner stator surface with the Motor-CAD
EMag FE solver:

2_p2
* 0, = Bi —By
2l

= E. =05

* B,:radial flux density

* B;: tangential flux density

o Magnetic flux
~/ \ density lines

12

www.motor-design.com £

Motor
Design
Limited



ﬁ::;; CADFEM Force Calculation with
Motor-CAD

2D FFT is performed on the force data
— Space: stator tooth number
— Time: rotor position

|||“ Time Hamonics 1D Space Harmonics 1D |%Trne Domain 2D | |||__ Frequency Domain 2D | .t Animations | ) Settings |
Forces:

Force Type: Calculation: |1: 4000mm 0.2748Nn
(® Stator (Radial) i

(O Rotor (Radial)

(O Stator (Tangential) () Rotor (Tangential) Time:

Stator (Radial) Data

TR EAT e AT e

180 60
Angle [MDeg]

Stator (Radial) Space Time Forces

Force [kN]

Stator (Radial) Harmonic Amplitude

0.012
0.01
0.008
0.006
0.004 I
0.002
0 A 'l l l ' B | . a a a8 s = s 8
0 20

40 60 80 100 120 140 160 180 200 220 240
Space Order

Harmaonic Amplitude [kN”

: e [s] 'E\' Stator (Radial) Harmonic Angle
%mmmmmmm* CHeey i
I - '
| ‘\ R A I N A | ..
o 144 215 360 = 0 20 40 60 80 100 120 140 160 180 200 220 240
Angle [MDea] Space Order
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#{g& CADFEM Look-up Table Implementation

Force wave coefficients in

' F W Look-up Table from Motor-CAD
function of currents and rotor orce Waves Look-up Table from Motor

L. . 400000 - 400
position are calculated using
spatial Fourier transformation 300000 J ’] J [ -y o
4 P ik J‘I ,lh ’L "E’H - 200
200000 _ o 1 |FLwp
4y | o 2 [ 2 . R I
flz) = 5> + ; g ms(?m) + by, sm(?m:)} R y | 100
(E -0
s LT
T/2 ' l - -100
—f flx) de i
T T3 -100000
2 ng ‘ - -200
T f ~T/2 f(e) mﬁ( m) de R -
9 T2
= E [ (m) E].'ll( ﬂ:‘:) dx -300000 — - -400

———F 0 _Motor-CAD ——F 8 c_Motor-CAD ——F 8 s Motor-CAD  ——Id_peak [A] —— lq_peak [A]
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ﬁ:;;; CADFEM State Space Model

 The geometry can be exported from
Motor-CAD into Ansys
DesignModeler

* Additional load vectors are applied
and state space matrices are
exported using SPMWRITE in Ansys
Workbench
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ﬁ?&% CADEEM SPMWRITE to Create
Housing ROM
[solu

* Apply excitation and radiation force patterns as additional antype ,moda

modcent , on
mxpand, ,, ,ves

* |oad vectors to modal file .mode

« Export state space matrices using SPMWRITE, create SML o

ord=nint (i/2-.25)

i [Name M v  Total Deformation 28 Total Deformation 43 .. ' f111 a rray n _:_T_l_;.:'.:' PR =
T Project ~ -
5 B Model (B4) B: Modal B: Modal c3ys, 1
: Total Deformation 28 Total Deformation 43 * . -
""J& Geometry Type: Total Deformation Type: Total Deformation Vget ' prrESS { _} ' I'.I.DdE F4r 1QC! ¥ ?
[ Materials Frequency: 4927401 Hz Frequency: 5594.787 Hz - i .
Unit:m Unt m *vfact, fact,S*ord*acos (-1) /180

2 Coordinate Systems
& Connections

19.07.2021 0254 19.07.2021 08:54

*vfun ,nfpress(l) ,cos,nfpress (1)

-, Mesh __
B & Named Selections sffun,pres nipress(l)
=i Modal (B5) _ 0
~ 76 Pre-Stress (None) y . g S AL sf, for Ce_face (pres, U
[l Analysis Settings : "_;{:Eﬁ‘ai =zolve
E. save X ] St .
=& Solution (B6) enddo
2] Solution Information
@ Post Output *do , i , 1 , 3
- [@ Post OQutput 2 I £ 77T aagraratr e yme e e
(@ Post Qutput 3 S 111t alflldy Irpiriess
| 2 o v sffun,pres, nrpress (1)
< > sf, rad face,pres,(
; . — % —
Details of "Total Deformatior~ & O solve
—| Scope ~
Scoping ... | Geometry Selection *Enddo
Geometry |All Bodies N
= Definition . 0.000 0100 ) |;_§. * 0.000 0100 (m) k—‘ . /postl
Type Total Deformation _:IO 50 z _:IO pes Z . _
Mode |28, ' ' spmwrite, ,,,,,,,, 0
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#g:;; CADFEM Load Vectors

— ANSYS
ELEMENTS ELEMENTS 2020 R2
TYPE NOM APR 23 2021
o 20:05:23
nput loa - '
-
vectors: pressure
| A ]
-1.50724 e 837358 . . 1. -1.44388 racni ) 160431 L, -481292 1.12301 "
-1.1723 -.502415 .167472 -1.12301 .481292 .160431 .802154 1.44388
Prius—Modal (ES5) Prius—Modal (BS) Prius—Modal (ES)
ELEMENTS ELEMENTS A!‘O?(]Y llsl

Ve CtO rS : p reSS u re ELEMENTS

TYPE N

TYPE NOM
t t f F FRES M FRES
-1 - i 333333 177778 i -. o .333333 _.TI7778
= 717778 —.333333 .111111 .555556 1 =. 717178 —-.333333 L111111 .555556 1
Prius—Modal (BS) Prius—Modal (BS) Prius—Modal (ES)
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i@; CADFEM Load Vectors, Transfer Matrices
to SML, Convert to Causal

* Load vectors are applied as spatial pressure distributions
* Allow definition of input loads (force waves onto tooth faces) and output loads (surface modes)

« SPMWRITE creates State Space Model, cut last column from input and first rows from output
* Add header for causal SML-model

/W//////////
y| C
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#g;;; CADFEM Case study: Fast NVH simulation
for a traction machine

Design Parameters

Parameter

Slot number 48
Pole number 8
Stator outer diameter [mm] 198
Rotor outer diameter [mm)] 130
Airgap [mm] 1
Active length [mm] 160
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Acoustic response

g CADFEM

The machine has been tested with a sinusoidal voltage excitation and a PWM one

MechanicalDatal

NDTABL loadVOO[L > outl

CONST | > Py :
loadV00B' out3
CONST > 3
Inputs | | Vales| ——
CONST

Mech_Angle

MechanicalDatal

NDTABL loadV001. outl

P— .
loadVv002 out2 E4
N
loadV003

CONST —OJ

CONST —QJ ;p— N

WAL_LURMS
Inputs. i e . e E16
Id CONST _,—J FREQ=Freqwtim|
Ig AMPL=1V
Mech_Angle OFF=2v °

AWM_URMS. = ECE1
- PUM
.
i /I/T/] L
R1 R2 R3 - +
ECE1 FREQ=Freqw*timy @
L] ° ° Q
Yo AMPL=1V
% X0 W e
OFF=2V CompDigWizard
E] E2) E 20 V_ROTL
ROT1
0
+ + =
YYIVETE-]VEE] -
— — = Pwit
CompDlgWizard
v ° PRl
0 El4 SUMB
EIB
FREQ=Freqw*tim
AMPL=1V
.
10 OFF=2V .

20

www.motor-design.com £ gbeen

Limited



g CADFEM

Acoustic response

MechanicalDatal

NDTAB1 loadvool  _ outl
loadVv002 out2
CONST
n m loadv003 out3
CONST —D > 24 .
Id Inputs Values e
CONST
Iq
Mech_Angle
R1 R2 R3
ECE1
° ° °
YO
EY E2) E BO 20 V_ROTL
Cco ROTL
Pos
+ +
N + CompDlgWizard
N ° pDIg! .

|||la

NDTAB1

CONST
CONST

s | % [vaes

CONST

Mech_Angle

FREQ=Freqwtimpffiy
AMPL=1V

OFF=2v

M_URMO.

Pym

FREQ=Freqw'timgffi
AMPL=1V
Y

OFF=2v

REQ=Freqwtime/tmax
/AMPL=1v

.
OFF=2v

MURM L

SUM6

FREQ=Freqw*timpffi
AMPL=1V
e

OFF=2v

REQ=Freqwtime/tmax

/AMPL=1v

L]
OFF=2v

MechanicalDatal
loadV 00| outl
[ loagv00| 2
| toadvod) out3
> —_—
Els
.
.
= ECE1

CompDigWizard
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%@; CADFEM Waterfall diagrams comparison

Voltage source PWM excitation

20000Hz

20000Hz

18000Hz 18000Hz

16000Hz

16000Hz

14000Hz

14000Hz

12000Hz {]

12000Hz

10000Hz 10000Hz

8000Hz 8000Hz

6000Hz

6000Hz

4000Hz 4000Hz

2000Hz 2000Hz

1.0dB 31.0dB 61.0dB 0.0dB 30.0dB
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