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Introduction

Task, starting conditions and system setup
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Developments at Hilite Germany 3
Include valves for thermal e (][]
management with specific demands (] [omem]
. . . . { i ] | lsmmt| |C{Jmpound| |Series[ %
Besides piston and transmission, e | [onmere ] [ ] [svo] [raveore]
the electric machine is the most ot | o
Important part of the valve o) 6] [

For well operating valve, the right [ =%
electric machine has to be chosen

Hilite is using a PMSM
“Permanemt Magnet Synchronous Motor”

All rights reserved © Hilite International C. Hugel - Hilite Germany June 29, 2022 5



\nsys

WoST @ HILITE

INTERNATIONAL
WORKSHOP

S

Cogging Torque Torque

f\

Mag. B-field with o
max. current S

\/\//

Reference design with straight "teeth" for stator outside and inside

60°-periodic half model to minimize calculation time 3
Quasistatic transient calculation with rotation angle over time @ GatitFannd

Different applied electric currents to allow all optimizations

©)

Tooth Inside
@ Zahn Innen

G,
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Variation of the shape of the teeth to positively influence the
characteristic curve of the torque (9 parameters)




Computation of torque for Stepper- i -
Motor in ANSYS Maxwell (AEDT) \ 3l o | :o_{’e,{s

Usage of the ANSYS AEDT RE TS T Y '
integration for OptiSLang | e
AEDT-OptiSLang setup with

separated output for more flexible Qe
postprocessing g o

Postp_Sensi_BS1_TolRed

Custom simulation solver mode with
script to prevent single runs

s ol

MOP_Sensi_BS1_TolRed
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First sensitivity analysis

Influence on cogging and maximum torque
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Cogging Torque
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@ Zahn Au Ben
Tooth Outside

Area of extreme values
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Tooth Inside
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Optimizations

Changing shape and extrema of the torque
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Variables in Data Mining
Creation of full model torque curves

Optimization objectives

S

A

4

Postp_Sensi_BS1_TolRed

Optimization of the maximum R o

torque curve _

Different Optimization runs with e AAAA
3 VI Restm_Sym o REALVECTOR [61]  ectract(P_Restmy0) f/f \\,rJ i, /]

“ARSM” and “EA”

4 V21_Torque Sym & REALVECTOR [61]  extract(P2 Torque0)
5 Winkel & REALVECTOR [61]  linspace(0,60,61)
. . . . . 6 S11_Restm_Sym $58 REAL SIGNAL [1:60]  window(signal(WinkelV11_Rastm_Sym),0,59)
M I n I m I Z atl O n Of CO I n to r u e 7 521 Torque Sym $i REAL SIGNAL [1:60]  windowisignal(Winkel V21 Torque _Sym),0,59)
g g g q 3 S12_Rastm2c 58 REAL SIGNAL [1:120]  signal(linspace(0,119,120), vector{extract(S11_Rastm_Sym, 1), extract(S11_Rastm_Sym, 1))
. . . 8 V12_Rastminl5 " REALVECTOR [61]  extract(window(S12_Rastm2x,15,75),1)
IVI aXI m I Z atl O n Of m aX to r u e 10 V13_Rastm & REALVECTOR [61]  V11_Rastm_Sym-+V12_Rast_min15
" q 11 V22_Torque & REALVECTOR [61]  V12_Rast_min15+V21_Torque_Sym
. . . . . 12 522 Torque pO 38 REALSIGNAL [1:61]  signal(Winkel, V22 Torque)
I\/I aXI m I Z atl O n Of to r u e CO m b I n atl O n 13 S12_Rastm 161 REAL SIGNAL [1:61]  <ignal(Winke,V13_Rastm)
q 14 523 Torquedx 58 REAL SIGNAL [1:120]  signal(inspace(0,119,120) vector{extractiwindow(S22_Terque_p0,0,59), 1, extract{window(522_Torque_p0,0,59),1)))
= = 15 531_Torque_pU 58 REALSIGNAL [1:61]  signal(Winkel extract{window{523_Torque2«,45,105),1))
I I I I n I I I I u I I I 16 $41_Terque_m0 $58 REAL SIGNAL [1:61]  signal(Winkel,extract{window{523_Terque2x,30,30),1))
17 551 _Torque_mU 38 REALSIGNAL [1:61]  signal(Winkel,extract(window(523_Torque2x,15,75),1))
. F_— 18 TMatrix 41 REAL MATRIX [461]  [extract(522_Torque_pO, 1), extract(531_Torque_pU, 1}, extract(541_Torque_m0, 1), extract(551_Torque_mU,1)]
C h a n g e Of I I I aXI m u m p O S I tl O n ( EA) 80 V00_Torque_max & REALVECTOR [61]  [Wmax00,Wmax01,Wmax02,Wmax03,Wmax04, Wmax05,Wmax06, WmaxD7, Wmax 08, Wmax02, Wmax 10, Wmax 11, Wmax 12, Wi
21 S00_Torque_max Bi8 REALSIGNAL [1:61]  signal(WinkelV00_Torque_max)
82 Max_Torque_max ® REAL max(S00_Terque_max)[0,1]
83 Min_Torque_max ® REAL min(S00_Torque_max)[0,1]
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Result of optimizations WosT © e

Maximum torque combination Cogging torque Torque maximum

EA1

----- Referenz ARSM1 ARSM2 ARSM3 EA1 =====Referenz ARSM1 ARSM2 ARSM3

ARSM1

ARSM2 ARSM3 EA1l mm=-- Referenz

o Recalculated results of MOP with Maxwell
ARSM1 ARSM2 ARSM3 EAL

o ARSM1 worse than reference (MOP difference)
o ARSM2 with largest minimal torque

o ARSM3 with largest maximal torque (peak)
o EA1 with maximum torque in central position

e Cogging torque as a constraint

e Major changes in value and orientation of
cogging torque
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Second sensitivity
analysis

Influence of tolerances on cogging and maximum torque
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01: Stator aufRen Zahn héhe
02: Stator innen Zahn hohe

04(D): Stator innen Wandstarke

05: Stator auf3en Durchmesser innen
06: Stator Zahn Radius aul3en

07: Stator innen Ausschnitt Radius

08: Stator innen Durchmesser auf3en
09: Stator Zahn Radius innen

10: Stator aul3en Zahn Breite Basis
11(D): Stator aul3en Zahn Breite Spitze
12: Stator aul3en Zahn hoéhe Basis

13: Stator innen Zahn Breite Basis
14(D): Stator innen Zahn Breite Spitze
15: Stator innen Zahn hdohe Basis

16: Magnet Durchmesser auf3en

17: Magnet Verschiebung axial

2 1 Varl ab I = param eters 18*: Stator auRen Zahn Winkel (Nicht abgebildet)

19*: Stator innen Zahn Wipkel (N_icht abgebildet)
L| m |tS Of Varl at| O n d u e 20: Stator aul3en Ausschnitt Radius
to drawing tolerances

21(D): Stator aul2en Radius Scheibe

22(D): Stator aul2en Wandstarke

23: Magnet Durchmesser innen

24*: Stator innen Durchmesser innen (Nicht abgebildet)
25*: Stator aul3en Durchmesser aul3en (Nicht abgebildet)
26*: Stator aul3en Durchmesser Scheibe (Nicht abgebildet)
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) Sensi. tol. — Cogging torque WSt © mmax=

Variation cogging torque

= » Influence of tolerances on extreme values can be reduced
/ N\ to 1 major and 4 minor parameters

3o e CoP with 59% maximum on largest cogging torque

[S1]90£ 00001
[81]190£ 00001
[61]90£7 00001
[9z]90£ 00001
[£z]D0g 00004

2
b=}
=
e
g
=
—

[01]90£ 00004
| [z1]90¢ 00004
- [eT]D0e 000041
| [+T190£7 00004
| [91]90£ 00004
| [£1]90£7 00001
| [szl20g 0o00L
Jloel=0s 00000

. [5]90£ 00001

- [9]20e 00001

- [£]90e 00001

| [8]90€ 00001

- [6)o0e 00001

- [0z]90z 00001
! n! | [zz]908 00000
e

3 3
g 5
] 8
IQ =]
8 =
& o}
= =

Zahn_A_hoehe_gesamt]
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RzwischenZahn|
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RInnen|

2ahn_A_breite_Basis
®—> Zahn_A_hoehe_aesls
Zahn_I_breite_Basi .
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IR Sensi. tol. — Torque Maximum ~ WesST @ sas.axr=

e Influence of tolerances on maximum torque can be reduced

7= o 4 to 4 important parameters
/ N
/ \\ e CoP values vary between 14% and 33%
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= = = = = = = = = - =] = = = =3 o a o =3 =] =3 o o o o o o =3 =] o o
= =l o =] =] o =] =) = =] o o o @ wn @ a [l i @ 0 o @ o @ o @ i @ @ @
@ @ & @ @ @ & @ @ & 3 =3 & =4 =] =} =1 3 =3 a2 =3 a =} o =} =] = =3 =] =} =
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The sensitivity analysis made it possible to identify the valid
parameters for the requested torque curves

With the MOP and its possibility as a solver, it was possible to
successfully do different optimizations

A model with all important tolerances was able to identify and
validate the important parameters and its statistics

In future analyses, the asymmetric effects on the curves and
more complex system simulations are planned
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