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| Analyze Code
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- Data Workspace Clear Workspace ~
VARIABLE | CODE
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{7 Run and Time. &5
Commands + | Library
| SIMULINK

RESOURCES

Name ~

S

1| IOFunctions

postpro3d_v2.p

#] postpro3d_v2.fig

#] noise.fig B
¥ multisim_viewer.p

] multisim_viewer.fig

| manates_guilog ~EPM_proj
i 1 Manates GULexe -defaultl_prei
%) qui_BH.curve.p

#) gui BH_curvefig
. Geometry
|| Forces <

Manatee_GUl.exe (T

-] Rendy

Command Window

®

Workspace

New to MATLAB? Watch this Video, see Examples, or read Getting Started.
Examples, Letting started.

x

Name »
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Command History

‘-default_proj
i-%-— 5/18/2018 2:40 PK —%
L= 5/21/2018 10:48 AM —3 +
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RN, il New Machine %4, #e#8ZgmiH 0 EAZEAL,

Simulation name:  default_proj

Machine name: default_machine I Machine type: SCIM 36s / 28r / 3p (int rotor)

, ,

[

Run

] [ Save ] [ Load ]

[Saect Machme] [ Edit Machine ] INew Machine I

Faults

¥ Eccentridty

Workflow Numerical

Sinusoidal voltage

Pre/Post

2048 angular steps * Pre process script

N4 GEE

1 Stator slotting effect

" Rotor slotting effect

* Tangential field effect

* Tuned natural frequencies

Ud: 173.2051V 1024 time steps ¥ stator deformation

Single speed 1.0 revolution x Rotor deformation * Multi Sim Post

MNO: 1188.0 rpm Mo skew x Winding

K sensitivity Max freq: 6400 Hz ¥ Magnet ¥ single Sim Post

* Optimization

Electrical Electromagnetic Mechanical Acoustics
Circuit computation Permeance fmmf model Analytical Displacement Semi-analytical model
Iron losses: Bertotti (Auto) Fully Analytical Free-Free BC Radiation: Auto

Skin effect: None W Stator field W Radial forces Reflecting plane BC
Saturation: Reluctance model " Rotor field " Tangential forces Micro: 1m from frame
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' MANATEE Machine Setup - Machine Ty

2: Machine Dimensions

3: Stator Lamination

4: Stator Slot

5: Stator Winding Pattern
6: Stator Winding Paramete;
7: Stator Winding Conductc|
8: Stator Endwinding

9: Rotor Lamination

10: Rotor Slot

IPMSM (Interior Permanent t Magnet Synchronous Machine) is selected with Input.Magnetics. type_machine = 8;

[¥] is_inner_rotor Machine name : prious pzil4 [&

$2% W B Machine Dimensions ETi, X H BB E TFHFREN
134.62mm, & T W 424 80.95mm, #51-4h1-4% 80.2mm, ¥4 N 424 55.32mm.
THEHABKE A 0.75mm.

- . ‘

Stator
4: Stator Slot Rext:  134.62 mm
5: Stator Winding Pattern At Goos |
6: Stator Winding Paramete] " mm
7: Stator Winding Conductc| Rotor
8: Stator Endwinding R
9: Rotor Lamination e mm
10: Rotor Slat Rint: 5532 mm

gap =0.75mm

Shaft

Drsh = 2*Rotor Rint = 110.64mm

[] Frame

wfra: mm

. Lfa: mm

BCEE TR, & FRE A A K BN 83.82, REAW A 10 &k R A E
N0.95 0 A A2 T 3 XE A 7 38 XU



[
" MANATEE Machine Setup - Stator Laminatios

Machine Type
Machine Dimensions
Stator Lamination Lstl: 83.82 mm

Stator Slot Kstl: 0.95 mat_lam1: [M400-508 ~ | [EditMaterials
Stator Winding Pattern

Stator Winding Paramete] Skew

: Stator Winding Conducte| | @) type_skew: [inear ~| skew.ange: [ | satorsiotpitch

: Stator Endwinding

QN s

Radial Ventilation Ducts Axial Ventilation Ducts

o

: Rotor Lamination

10: Rotor Slot

Nrvd : [0 ) wrvd: [0 o

Stator total length = Lst1 +Nrvd *Wrvd =7 Axial: 0 set (0 ducts) [set axial ducts

[ preview | [ Previous | [ mext

BCEE TR, AR T AR, R FR AR RO R AT R R . A B
B 11, DUV RARRE R RS 24

, _

| | 1: Machine Type
2: Machine Dimensions
| | 3 Stater Lamination @ zs: 48 [+ Sotpitch = 360 /25 =7 ° (0. 13 rad)
4; Stator Slot E
5: Stator Winding Pattern Wo: 183 mm
6: Stator Winding Paramete wa | 0
7: Stator Winding Conductd —
8: Stator Endwinding 8 mm
9: Rotor Lamination THo: 1 mm
10: Rotor Slot H1: 0 E
H2: 33: 0 mm
R1 47 mm
Output

Lamination width: 107.3mm

Slot height: 34.3 mm

Yoke height: 73.04mm

Winding surface: 215.6 mm?

. Total surface: 217.5 mm2
Constraints :

W0 <= W1 Opening angle: 0.01192 rad
2*R1 <= W2
R1 <= H2 Tooth average width: 17.11mm
Preview | [ Previous | [ met

MW ELFG, IPAsid Preview %4, AR BIFTR .



200+ BEV
Stator with Winding
[ Phase A
I Phase B
I 0.10 I Phase C
Il Stator
0.05
£ o000
—0.05
—0.10
-0.15 -0.10 -—0.05 0.00 0.05 0.10 0.15
| (m)

ETHH W E, Prius 2004 4 3 FHXUZ, s AnsEER, SeZRlAfEA S , FFEE
13, FEEEZBRE 1, LR PE 0 BRI % 9.

st next %4, 1EFE 3 MHXUR, SRAEIEN 5.
[ | MANATEE Machine Setup - Stator Winding Pattem_ "= o

2: Machine Dimensians
3: Stator Lamination
4: Stator Slot
5: Stator Winding Pattern
6: Stator Winding Paramete]
7: Stator Winding Conductc|
8: Stator Endwinding
9: Rotor Lamination
10: Rotor Slot
Output

=lrs B = Winding Matrix shape: [2, 1, 48, 3]

Nslot_shift: 0 s ms =25 / (2*p*as) = 2.0

[ reverse Nperw: 4

Preview | [ Previous | [ mext

« I v

iy Preview %41, A an ™ BTN,



Figure 1

x=8.16129  y=-0.318548

s next 5L, WEIFBRZBRE 1, BRI A ERERITHL 9.

ANAT e finding | e 3
1 Ma::ine Type
2: Machine Dimensions
3: Stator Lamination P . Npcpi: 1 5]
ok Number of coils in series per |
5: Stator Winding Pattern parallel circuit -

6: Stator Winding Paramete

7:Sator Winding Conducis | NUmber of tunsin | Nespel = Z*Nlay/(2'gs'Npepl) — seome

8: Stator Endwinding

e v series per phase e
10: Rotor Slot NtSp1=NC5PC1 % NtCOl” Nespel: 16.0

_..NYV\JWV\..JVVV\._

number of parallel
circuits per phase :
g

number of turns per coil
Ntcoil

<

E

s next $2HL, R 32, MRHE R, JFSER A 13, BEE LR 0.912mm.



:
Nacine Type Come ) oo

Machine Dimensions

Stator Lamination Conductor type : [Random Round Wire ¥ | mat_windL: Edit Materials

1
2
3
4; Stator Slot
5:
6:
e
8

Stator Winding Pattern
Stator Winding Paramete]
Stator Winding Conducte]
Stator Endwinding

Nwpcl : 13 =
Wire : 0.912 mm

Wins_wire : 0,001 mm

o

: Rotor Lamination Wins_cond : | 1.8 mm

10: Rotor Slat ins_wire ouput

Heond = 1.3 mm

Weond = 1.8 mm

Scond = 2.545 mm2
Scond_active = 8,492 mm?
Ksfil = 70.91 %

[ ]

At next #4H, W E AL . W B IRESH B M Ky 0, i
ZRHECN 0.5,

e
- MANATEE Machine

Nk Tyoe o ) [ ]
: Machine Dimensions.
Stator Lamination Lsewout: 0] mm
Stator Slot

Stator Winding Pattern
Stator Winding Paramete|
Stator Winding Conductc|
Stator Endwinding

Kwoh : 0.5

Po|l o oW ot

w

: Rotor Lamination
10: Rotor Slot Endwinding Output

MLT = 58,76 mm

R1_20 = 0.08365 Ohm
rhosw20 = 1.73e-08 Ohm.m
alphasw = 0.00393

Mstw = 8900.0 kg/m~3

[ ] (o]
T

it next W BT, PR KN 83.82mm, iE4W 118 K R ECN 0.95,
T4 Fr A4 RHE 1 M400-50A, /A)3% Skew, ¥ERILL.

ERIXERAA 3 M550 DR EOR R AL ORI 2R DUE T8 R FER

Nt

1. Linear: Z&MERIZ
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3: Sta Lst2: 8382 m
4 Stator Slet Kst2: 0.95 mat_lam2: [M400-504 | [EditMaterials
5: Stator Winding Pattern

Skew

© et e =wen 5 e

[ Axial Ventiation Ducts

6: Stator Winding Paramete,
7: Stator Winding Conductc

8: Stator Endwinding
9: Rotor Lamination
10: Rotor Slot

[ Radial Ventlaton Ducts

stator slot pitch

T bt 1 Voo Ty

Nrvd : |0 | Wrvd : [0 mm

Rotor total length = Lst2 +Nrvd *Wrvd = 83.82mm

4. HEXFH

f£ MANATEE A n] DLE g RHEOE, X B 7 ZERATERE e P i B

PR R EOR R W TR

Input.Geometry.type skew geoR = 3;
Input.Geometry.skew_curver sin(2*pi/350e-3*linspace(0,350e-3,100));
% With Input.Geometry.Lst2 = 350e-3;

1 : : : : :
—t—rotor

—t+—stator

0.5

skew angle [rad]

-0.5

_-] 1 1 1
4 5

Slice []

XN ZE R R, BCE Linear, BOERIEN 0.8 A€ THAEEIEE, Qi fos:



' MANATEE Machine tor

|[ | 1:Machine Type
2: Machine Di

3: Stator Lamination Lst2: 83.82 mm
! 4 Stator Slot ==
5: Stator Winding Pattern

6: Stator Winding Paramete) 215

mat_lamz: [M400-50A = | | Edit Materials I

7: Stator Winding Conductc|
8: Stator Endwinding

9: Rotor Lamination

10: Rotor Slot

@) type_skew : [Linear | skew_angle: 0.3

[ Radial ventiation Ducts

i
et T E s o

Rotor total length =Lst2 +Nrvd *Wrvd = 83,82 mm

stator slot pitch

[7] Axial ventiation Ducts

Adal: 0 set (0 ducts) |set axial ducts

[ previen ][ Previous | [ Next

sl next 5480, WE KBRS, WK BAARERLY slot Type 50,

SHEE TR, KEARF RS magnet7.

IANATEE Machine Setup - Rotor Slot.

1: Machine Type

2: Machine Dimensions
3: Stator Lamination

4; Stator Slot

5: Stator Winding Pattern
6: Stator Winding Paramete
7: Stator Winding Conductc]
8: Stator Endwinding
9: Rotor Lamination
10: Rotor Slot

© [sotTyzes0 ] sotpich = 360 /2p = 45

mat_mag : Magnet? - | |Edit Materials

" Ho: 1.9 mm
Hi: 15 mm
Hz: 1 mm
H3: 6.5 mm
He: O mm
wo: 42 mm
wi: 0 mm
wz2: 0 mm
w3: 14 mm
S Wwa: 18.9 mm
Cutput

Siot suface (2 part): 95.97 mm?

Single Magnet surface: 122.5 mm®

Constraints :
H2 < H3
W1 < W0
H1 < HO

aipha: 0.3645 rad (20.89%)

W5: 3.577mm

it preview #2411, AN T s EE
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st Workflow—) Variable speed WEAFIHE, H/PNFEHE 500, £ K 7000,

KN 50,

WEAZERZE skew rater, XERETITEH 0.6-0.14, HEMHMHTE: &

Hoe)E,

Machine

; 010
0.05

E o000
—0.05

—0.10

[ Phase A
Phase B
I Phase C
Il Stator
]
|
-

Magnet
Rotor
Shaft

=015

—0.10

—0.05 0.00 0.05 0.10 0.15
(m)

ST

Simulation name:  default_proj

Workflow

s DAL A, FEHT A LB R ORAF K

[

Machine name: bpm | Machine type: - . N
Simulation process setup ‘ ‘~ LIQE

‘ Simulation I Variablz speed I| Sensitivity / Optimization |

Sinusoidal voltage
U0: 173.2051V
Single speed

MNO: 1188.0 rpm
x Sensitivity

x Optimization

Electrical

Circuit computation

Iron losses: Bertotti (Auto)
Skin effect: None

Saturation: Reluctance model

Variable speed type [5ynﬂ’|esized spectrograms (based on single speed) '] @

NO_min 500 rpm
MNO_max 7000 rpm

Nspeeds 50 =

[] is_fixed_freq
Control
type_control Torgue Vs speed curve

EFmax VfHz

Umax

PR g (EERRED , WmEHR:




| Sensitivity input setup &Iﬂ
P =

|| variabl type :
Ve type :

Varigble name : skew_rater

Al

Mumber of values : 21

Min value : 0.6

Max value : 1.4

Type sampling : [Linspa::e v]

| Simulation I Variable speed | Sensitivity f Optimization
|

simulation type [Sensiﬁvity : All possible values '] @

Input Qutput

skew_rater X
1X s--14 n-21) ! *\L""A—I

Add Input ] [ Add Output

Total number of Input configurations: 21

BESHAETE E, &St Numerical 144 .

XE A T BN TS $E 250 MANATEE 8.5 J LM B 5, DU
TRAGIULSE R H 71
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R AR - i B R, I RIRSBEH R R AR E N 9, REWE
RESCRECN 04 1. 2 B 8 RS MU 5 I8 AR N o HRAE S IR I P AT 4,
RATREFR AR ZIE 20 DM (A REZHRFED KB T R IER R
WAEIRBB . N 1R EARO B) 2 TR e KRB, XA SN % 2D =2
2ptl, WERARXFMEL, Hia K HEREL.

- Mumerical parameters setup - @g
Electrical I Magnetics | Vibro-acoustics Other

| freq_max_spec §400 Hz [¥]is_check_fmax
Mmax_fft_orders_circ 9 1 (»10 advised)
Nmiax_fft_orders_long 1 =
Mspeeds_sona 200 1 (=50 advised)
FEA discretization
Mlayers_FEM 3 =
MNnodes_FEM_yoke 20 5
Nnodes_FEM_hole 5 =

Rz DR EUE SRR 2 e, DN THE A 2 10 11 A
s WERBREY 2 B 11 YR S SRR LR . B

.+ Numerical parameters s:t_ @gl

Electrical Magnetics | Vibro-scoustics I Other |

Flux distribution

Na_tot 2043 1 (1024 advised)

Nt_tot 2043 1 (1024 advised)

Mrev 1

type_skew Full 30 flux densi -
[40 SEE

Mskew_slices Average Flux
Full 30 flux density

T ERERFHE | iﬁﬁ?ﬂﬁﬁlﬂiﬁlﬁp oK ] ’ Cancel ]




Flux

MNa_tot

Nt_tot

| Electrical Magnetics | Vibro-acoustics

| Other |

distribution

2043

2048

Mrev 1

type_skew

=1 (1024 advised)

=1 (=1024 advised)

Full 3D flux density

Mskew_slices

7

e

EREHET] F RIS o

AL M DU MR S I i LR

wEEE, R RS R I TR

[MANATEE/MULTSIM] Funming multiple simulations...

1/21 simulation done,
2/21 simulation done,
3/21 simulation done,
4/21 simulation done,
5/21 simulation done,
6/21 simulation dons,
7/21 simulation done,
8/21 simulation done,
9/21 simulation done,
10/21 simulation done,
11/21 simulation done,
12/21 simulation done,
13/21 simulation done,
14/21 simulation done,
15/21 simulation dene,
16/21 simulation dene,
17/21 simulation dene,
18/21 simulation done,
19/21 simulation done,
20/21 similation done,

21/21 simulation done,

£=0.6, F(X)=47.55614

E=0.64, F(X)=48.8985

E=0.68, FiX)=46.16142
E=0.72, FiX)=45.34157
E=0.76, FiX)=44.43798
£=0.8, F(E)=43.44612

E=0. 84, F(X)=42.32861
E=0.88, F(X)=41.04466
E=0.82, F(X)=39.58632
E=0.86, F(X)=37.92428
E=1, F(X)=36.10269

E=1.04, F(E)=34.4282
E=1.08, F()=33.5236
E=1.12, F(E)=33.4058
E=1.16, F(X)=33.82318
E=1.2, F(E)=34.29299
E=1.24, F(¥)=34.95225
E=1.28, F(X)=36.1216
E=1.32, F(¥)=37.64464
E=1.36, F(E)=38.92831
X=1.d, FiX)=39.01011

-376. 3492 and G(X)=
-380. 2354 and G(X)=
-385. 6271 and G(X)
-391. 5668 and G ()
-398. 1024 and G(X)
-405. 2875 and G (X)=
-413.1829 and 6 (X)=
—421. 8568 and G (X)=
-431. 3869 and G (X)=
-441. 8613 and G (K)=

-453. 3805 and G (X)=
-466. 0595 and G (X)=
-480. 0308 and G (X)=
-495. 4474 and G (X)=
-512. 4869 and G (K)=
-531. 3569 and G (X)=
-552.3008 and G (X)=
-575. 6068 and G (X)=
-601. 6173 and G (K)=
-630. 7432 and G (K)=
—663. 4805 and 6 (X)=

—

e qng=Eiti=)



EFigur& 2: Evolution
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response variable LwrA
g &8 & &

&

X142
Y:33.41

32 L L . L L L L
(| 0.6 0.7 0.8 0.9 1 11 12 13 14

L skew ater

H P T, Ao PR Bl ) 7 2 M e RIR Bl o MG R R AR A 112 M ETa] R

At

RRIGCRBEN 0.8 5 112, THESRXTLE, B BA R KR, kb

7N

Stator mode (7,0): £=4878 Hz, ksi=2 % -
Stator mode (B,0): f=5708 Hz, ksi=2 %
Total wibration power lewel Lwib: 89. 28642 dB

Radiating surface: 0.070899 m 2|

Directivity factor: 2

Microphone position: 1 m / 1.1346 m away from source surface / center
Acoustic wavelength at 950.4 Hz (highest SPL at N0=1188 rpm): 0.36143 m

A-weighted sound power lewel LwrA at NO=1188 rpm: 43.4461 dBA
A-weighted sound pressure level LpA at NO=1188 rpm: 34.3673 dBA

Mzzimum A-weighted sound power Ievel LwrA max at wariable speed based on spectrogram synthesis from N0=500 to 7000 rpm: 85.1446 dBA
[MANATEE/MULTSIM] Number of configurations:21
[MANATEE/MULTSIM] Maximum computational time:47.2908 s

[MANATEE/MULTSIM] Funning multiple simulations...

1/21 simulation done, X=0.6, F(X)=47.55614 -375.3492 and G (I)=

2/21 simulation dene, X=0.64, FiX)=46. 8985 -380. 2354 and G(X)=

3/21 simulation dene, X=0.68, F(Ei=46.16142 -385.6271 and G (@)=

4/21 simulation done, X=0.72, F{X)=45.34157 -391.5668 and G (X)= =
5/21 simulation done, I FiX)=44.43798 -398. 1024 and G(X)= |i‘
A/91 cimilation doma  ¥=N 8 R (¥i=43 44419 —4NR_9RTE and GI¥i= =
F I »

PR E K E 0.8 FliE] 45



Total wibration power level Lvib: 86,9187 dB

Radiating surface: 0.0708989 m'2

Directivity factor: 2

Microphone position: 1 m / 1.1348 m away from source surface / center
Acoustic wavelength at 475.2 Hz (highest SPL at N0=1188 rpm): 0.72285 m

A-weighted sound power level LwrA at NO=1188 rpm: 33.4058 dBA
A-weighted sound pressure level LpA at N0=1188 rpm: 24.327 dBA
SoUnd power leve - E SpEE azed on spectrogram synthesis from N0=500 to 7000 rpm: 63.
[MANATEE/MULTSIM] Number of configurations:21

[MANATEE/MULTSIN] Mawimum computational time:57.2448 s

550655656656 0506 25656565696 5506 9660606656 6.6 D96 D606 066 060 6562606 D 6 636 26265656 656 6 606 6662656 6 X 66 66 63 X6 6 6 K MGG 6% K K666

[MANATEE/MULTSIN] Rurming multiple simulations...

EX I A WELlght e

1/21 simulation dene, X=0.6, F(X)=47.55614 -375. 3492 and G (X)=
2/21 simulation done, X=0.64, F(X)=48.8985 -380. 2354 and G(X)=
3/21 simulation done, X=0.68, F(X)=48.16142 -385. 6271 and G(X)=
4/21 simulation dene, X=0.72, F(K)=45.34157 -381.5668 and G (X)=
5/21 simulation done, X=0.76, F(K)=44.43788 -388.1024 and G ()=
6/21 simulation done, X=0.8, F(X)=43.44612 -405. 2875 and G (X)=

7/21 simulation dens, X=0.84, F(X)=42.32861 -413. 1828 and G (L)=
8/21 simulation done, X=0.88, F(X)=41.04488 -421. 8568 and G (L)=
9/21 simulation done, X=0.92, F(X)=39.58632 -431.3869 and G (D)=
f{ 10/21 simulation done, E=0.06, F(X)=37.92428 —441. 8613 and G (X)=

4| m

7832 dBA

Pl A% E 1.12 fa)pE 45




