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Current Phase Speed

1 0 0 0

2 0 0 1000
3 0 0 5000
4 0 0 10000
5 0 0 17000
6 10 0 0

7 10 0 1000
a 10 0 000
g 10 0 10000
10 10 0 17000
11 10 30 0

12 10 30 1000
13 10 30 5000
14 10 30 10000
15 10 30 17000
16 10 60 0

17 10 60 1000
13 10 60 5000
19 10 ] 10000
20 10 60 17000
21 10 oo 0

<

Torque

-3.55131e-05
-3.55131e-05
-3.55131e-05
-3.55131e-05
-3.55131e-05
310175
31075
31075
310175
31075
3.18813
3.18813
3.18813
3.18813
318813
2.04491
2.04491
2.04491
2.04491
2.04491

-0.000311509

Torque Ripple

-19853.6
-19853.6
-19853.6
-19853.6
-19853.6
0.371861
0.371861
0.371861
0.371861
0.371861
0.323698

0.323698

0.33698

0.323698

0.323698

0.408438
0.408438
0.408438
0.408438
0.408438

-2515.2

Voltage
o

37.9639
189.82
379.639
645.387
0.831384
43.3524
219113
438.815
746.396
0.831384
38.956
197.992
396.788
675102
0.8313584
344623
174.663
349914
595.265

0.831384

rdamental Volta

0
36.8242
184.121
368.242
626.012
0.823032
42,7839
216.777
434.271
738.762
0.839995
38.0622
193.669
388177
600.488
0.848351
32.6068
165.582
331.805
564.518

0.839995

Total Loss

0

3.60842

30,4645

01.9857

230.29

7.2

12.219

49,2092

133.504

322,558

7.2

11.2815

41.9478

112.547

271.614

7.2

10,2419

34.5078

80.812

218.351

7.2

Iron Loss

0

3.60842

30.4045

81.9857

230.29

0

5.01901

42,0092

126,304

315.358

0

408155

347478

105.347

204,414

0

31419

27.3078

83.612

211.151

0

Hysteresis Loss urrent Loss (Iro Coppe ™

0

2.98728

14,9362

29.8725

50,7832

0

417327

20.8661

41.7323

70,9449

0

3.38431

16.8224

33.6448

57.1962

0

256197

12.8097

256194

43.553

0

0

0.621144

15.5283

621132

179.507

0

0.845738

21.143

84,5721

244,413

0

0.717032

17.9254

71.7018

207.218

0

0.579937

14.4081

57.9925

167.598

0

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2

7.2
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Eesult Type: |Efficiency

(®) Output Operating Point Value

() Specify the Range and Output the Value
I axis

Initial Value: ]

' End Value:
HO00

Humber of Divisions:

T Axis

Initial Value: Y]

End Value: BEYZZE33816

Hunber of Divislons: 101

Close

Export. ..
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J\\\

EREIEAY 3015 168  91.546%

= R 6000 40  97.458%
o T 17000 8  96.401%
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d-Axis Flux
q-Axis Flux
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Result Type: Cutput Power

(®) Qutput Operating Point Value

() Specify the Range and Output the Value
i Axis

Initial Value: (O

T End Value:
5000

Number of Divisions:
¥ Axis

Initial Value: 0

End Value: BOYZ2E3016

Number of Divisions: 101

Cloze

Export...

Export...
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> Add Operating Point from Registered Points:i% £ &\ ¥
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> i PECreate Study (Duplicate) :fifi FHIE AT T30 5
1] & study

> Creat Study (Response Accuracy Samble) : 6

study CFg EEAIL S i )
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H ' = e
0 £ Axis — 381, 875 2
Initial Value: | 0| - 2
T Fnd ¥alne: | 17000 | - 90
Bl — L
. Humber of Divisions: | 21 | C ga. 125
T hxis C
Initial Value: | 0| - 86.20
0 T End Walue: | 155, 0259202450713 | —
1]
Humber of Divisions: | Ell W
Export. .. |Create Study (Duplicate] ™ Close
Create Study (Response Accuracy Sample)
K=1000, T=163 H=3015, T=1e5 H=a000, T=40 ¥=17000, T=5
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b E@ Etud],r =Magnetic= =20 Speed Prionty Efficiency Map copy=

#5 Case Control
+ Response Table
o CAD Parameters

b & Parts

> EF maa: =N367

Select Parameters...

| Equations... I

Add Measurements...

Create Cases...

W
Rph: H#.EH
Vdc: B B &

Npoles:

> Ciamp: 155 g/

> Cfreq: K
H

Imax: & K HLIR
Speed: % F&
Imap: By T8 {5

Beta: AL

vV VYV VY Y Y VY VY
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8

9

Mpoles
Rph
Vdc
Imax
speed
lamp
beta
Cfreq

Clamp

10 DivPElec

Variable

Type

value
value
value
value
value
value
value
value
Expression

Expression

Expression

0.048

230
1000
94,3304
22.926
10000

0.1*lamp

96
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‘ED hoouracy Priority Efficiency Map

I Study Title: 12]] Speed FPriorvity Efficiency Map_copy

Analysis 'Ey'pn: 2D Eﬂ:mency Map Analwsis

Caleulation Method: (®) FEM () FEM+BEM

o

0 3 H Jlisal‘jﬂf:_ii-':'-ﬂ:ln. Wi chs ||"L_'_' & nap 1
Caleulation Folder: afficiency map 1/20 Speed Priority Efficiency Map 14/Casel
- " Step._Control
Step Fumber of Steps: I 49]
a Step Interval Definition Type: Time Interval w
\ Time Step: I 0. 000312499999999544 = v
Comversion
Start Time: 0| =
. "
End Step Time: 0.015 =
Coupling

> AT BRI, BITHAE
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efficiency map 1/°0 Acouracy Priority Efficiency Map 0324719/ Tasel

' Step Control

Humber of Steps:

Unit:
Start Time:

End Time:

Divisions:

End Step Time:

Step Interval Definition Type:

=

2%01vPElec +1

Fesular Intervals
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Method of Calculation: ¥& 42t

Torque: ¥4 10 2644

Pole: 2} 24
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JMAG-Designer: Create Response Table

Method of Caleulation:

Speed Friority

hoouracy Priority Torque:

hoouracy Friority

Torque

Wt Fole:

]

Hpoles

Speed speed e

Parameterl : | Iamp v

Parameter? : beta w

Parameterd : Hone s

Speed Parameter 1 Parameter 2 Parameter 3

1 1000 24,5575 28.7511
2 1000 73.0347 35.7125
3 1000 112.09 37.0519
< 1000 152,432 39.0209

5 1000 205.818 446322

B 4200 26.4584 45,7905
7 4200 74,5639 42,9571
8 4200 113.151 41,5769

9 7400 29.1491 55.2404

10 10600 31.3016 59.9563
Help. .. OF

Cancel
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> Region Setting 4 8% FEAdd Region, ¥ B a4 X 45
> AR, WEMEE48, WS, UM TE S4R7ERegion 1.

v [ study:<Magnetic=<2D Accuracy Pric

Case Contral

Response Table Creation

CAD Parameters

hd & Parts

S | mag: <N36Z_23=
(A N36Z_23

v (J mag: <N36Z_23=
(A N36Z_23

v (J mag: <N36Z 23=
CfA N36Z 23

E - R <Copper=

> (@ W-: <Copper=

> (@ W-: <Copper=

» @ w- =Copper=

> @ w- =Copper>

> @ w- zCopper>

> @ w- <Copper=

> @ w- <Copper=

> @ v =Copper=

!
Analysis Parameter View...

Run Active Case...

Run All Cases...

Restart...

Submit Restart to Queue...
Submit Active Case to Queue...
Submit All Cases to Queue...
Check Result for Active Case...
Check Results for All Cases...
Check Results in Folder...

Check for New Cases..,

Delete Results of Active Case
Delete Results of All Cases

Delete ResultSets of Active Case from Study
Delete ResultSets of All Cases from Study

Remove Results from Plot File...

MNew Loss Study

> @ v =Copper= I

Add Winding

v 8l v e

—
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v [ Winding

v [ Conditions

(=]

[ Region Setting
] Winding Settin Add Region...

"4 Rotation Periodic Boundary: Rotation Periodic ...
A Mation: Rotation: Rotation

#+ Torque: Nodal Force: Torque

+F Iron Loss Calculation: iron loss

| symmetry Boundary: untitled

= Slide: untitled

SR, study A Bk FRAdd Winding 5 FH 2840 2 i 28 3T SR i B

Project Manager g X
Winding Region
0K Cancel Help. ..
Title
conductor |
Region
Humber of Slots: | 4E|
Humber of Poles: | El

Coil Region 1:

& u+
& u+
& u+
& u+
& u+
& u+
& u+
& u+

Coil Region 2:
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................. Treeview 2 %

""""""" Winding Three Phasze Conductor
...... @_ _Ej - . . - . .
.............. Help. ..

ooy, E,_ ....... TitlE

g M g B— Winding Three Phaze Conductorl

.............. Tupe
.............. Star
) . ) o Winding Three Phase Conducterl
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> WEPWMER. XGHHEMRIE, 25T, FHAE

> HIRIERAY (Type) A% E NFunction(Fk%%). Point Sequence(¥14&E41). External Circuit Simulator(# &

S AL 28 ), 1 B:Function.

> Function L FRM a0
Constant] : HEiit

:Sin]: 1E5%

Expl: $5%L

Pulse]: Hki

'Step] (rectangular function): 777%
‘Composite]: B &

‘Harmonic]: &%

> 1E#Composite
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Current Sourcell terminal)

Help. .

Title

I1

T—axwisz Type

Time

Tvpe

Function

':E.r Foint Sequence

“i“ Function

s Composite

-t

Set Function
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> 1 FESet Function, HAHREE.

> _&E%?& Ei?}ﬁ o >I%: Ei%ﬁ%@ E&j"jSi n ’ 9\1,:4%: rpE/fE N IMAG-Designer: Composite Function 7 e

. : 100 —
257 _l‘/\ I:IJ \)—LE N ﬁ R ﬁﬁ — i& Sin #dd Function i
IR S AR ) e B D9 B R Pl s 240 — ]
< 507
Current Sourcell terminal)
-
Help. . E 0 —
Title E
I1 e -5 _
I—axiz Tupe i
Time _100 ]
|I|}IIIE ||||||||||I||||I||||I||||I||||I
) 0 0.005 0.01 0,016 0,02 0,025 0.03
|F1.u'u:t1-:-n Ti]]lE, =
s Foint Sequence
J
4| Function
‘k dmplitude (&) Tamp | & e
L - Composite
Frequency (F): }D:l*li Hpoles ,-'rE:l| |]'[z V|
Fhaze (F): beta| |deg =
[ ]Start Foint: 0| fai e
|:| End Foint: 0| Pl
—axiz Offzet: 0] = S0
Set Function
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Bl /MAG-Designer: Compasite Function

Sin
Sin

IR ST

Amplitude (A):

Frequency (F):

Fhaze (F):

[] Start Foint:
[ ]End Foint:

Y¥—axiz Offzet:

Clamp

Cfreq

fdd Function

Delete
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> FEEIUE AT BHATACTIFE T . KiE . BT Fak, MEkSA
L ARMEAR U E AR R LR B FL TR

> T HFAH B4 Allow Eddy Current for selected parts,

AR B FErun, i BRI o E
&

run
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P8 nunan swuiss
48 Set the coil material

v [} python
v Add current condition to coils
v Add magnetic field strength contour
4% Run all studies
v Set the coil material

v [ VBScript

Add current condition to coils

Add magnetic field strength contour

Run all studies

B EE

Set the coil material
v Export Force On Teeth
e output_dg_fluxlinkage.vbs
v [ Preinstall

-

]
| v Allow Eddy Current for selected parts
8y Loemicient of Electrostatic Eapamtance Calculation

Extract anomalous eddy current loss coefficient
Highlight parts that allow eddy current

NVH Force Export

Rotation pattern coil setting

Search Size Range in Optimization Table

Switch all FEM coils to FEM conductors

Switch all FEM conductors to FEM coils

B8 89,9, 9, 9. 9

Synchronous motor efficiency map calculation
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Toolbox

g X

Select and drag conditions to the model.

Project Manager

x

TS o

Analv=is Templates Scripts Conditions Materials

Views

| 2= Insulation

71 Motor Inductance
Calculation

v [ _I_.inlc:

—+ Partial Model

. External Solver Coupling

ﬂ;, External Circuit Link 1

m External Circuit Link 2

H Frozen Permeability

ﬂ. Stress Distribution

Lﬂ. Temperature Distribution

& Displacement

i# Reuse Demagnetization

f Heat Generation
Component

v [ Modeling

5 Gap

Py

[ ] Show Deseriptions
Show Condition Groups

b
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Help. ..

0K Cancel

Insulation

Help. ..

Title

untitled 1

Edgzes

/" Edge 2815 =U+=
/ Edge 150 <U+=
/ Edge 147 <U+=
/" Edge 2812 <U+=
/ Edge 139 <U+=
/" Edge 2810 =U+=
/" Edge 131 =U+=
/" Edge 2795 <W-=
/" Edge 2796 <W-=

calt ¢ E!b

W B

Treeview Contral

Case: 1

0K

Cancel

2D Accuracy Priority Efficiency Map
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_

Selection 1
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> Winding2&4 T AR iEBEWinding Setting, 1%E#&Add Three Phase Winding
> _&E%i%j:%ﬁeyﬁiﬁjﬁ‘ﬁﬁééo B /MAG-Designer: Winding Setting 1 =

Title: |C-:nn-:1uct-:-r |Regi-:nn: Conductor e Slats: 45 Foles: g Fhases

L]

Coil Winding Model Wiew Winding Wiew Slot View

Link te Winding Component

[ AT A

Wording |
Farallel Famber: |1 b ‘ . '
- —_ - Series Number: & I I
(v E Winding Winding Scheme: | Auto w ‘ \ 4 45 14 B 10 l
i

v [] Region Setting S - \
o1 1teh: >
@’ Conductor e T ‘\'

E Wiﬂdiﬂg E.Eltting [ Reverse GofReturn * %

Phasze: U-Fhaze
W L:E] Conditions I Add Three Phase Winding... I

4| Rotation Periodic E Add Multiphase Winding...
S Motion: Rotation: | Add Brush Motor Winding... -

¥+ Torgue: Nodal For Add Cage...

Go Return

+4~ lron Loss Calculation: iron loss i

%@ Insulation: untitled 1 ;

N[t Symmetry Boundary: untitled

% Slide: untitled 8
9
. | |
Phase Order: | WWV ] Shor phases: [ | Y | W] T
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> Bk g AR 1 B N conductor,
> 4 7k Wi AR conductor 5 4 B 8 s

efficien E}FZ _dCCUra E}F'l_l:" WM_EHITIP enent_more_workin
FEM Conductor Case: 1
0K Cancel Help. . .
Title ~
untitled 1
Linked FEM Conductor
Coill v
Conductor
Conductor Set 1
oA oL & |3
Fartz per Conductor :
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JMAG-Designer: Create Response Table ? ot
Method of Caleulation: Acewracy Priority Torque: |Torque ~ Pole: Fpoles 3
N N 1. » Speed Priority  Accuracy Friority
> AN RBE, mdiOK T zEk[OK

Speed speed o

(Create Cases) ] R ’
Parameter? : beta w
Farameter3 : |Hone v

Speed Parameter 1 Parameter 2 Parameter 3 -
1 1000 24,5575 28.7511
2 1000 73.0347 35.7125
3 1000 112.09 37.0519
4 1000 152.432 39.0209
5 1000 205.818 44.6322
& 4200 26.4584 45,7905
7 4200 74,5639 42,9571
8 4200 113.151 41.5769
9 7400 29.1491 55.2404
10 10600 31.3016 59.9563 hd
Help. . . 1A Cancel
I QK

I DK(Create Cases) I
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Project Manager

Filter: |

w ~

v [ FEM Coll
Coill Analysis Parameter View...
Coil2 Run Active Case...
Coil3 Run All Cases...

W @ Three-phase Curr Festart..
CS1 Submit Restart to Queue...

v @ Mesh

& Group
v [ B Mesh Region
] Air Region
] (@ Air Region 2
£ Rotation Periodic Me
BB Element size <Edge=
BB Element Size <Part=:
BB Element Size <Part=:
v [F Report
& Images
&y Magnetic flux density
{ Post Calculation Scripts
v [ Results
v LE Graphs
v [ Calculation
B3 calculation Ta
[ Torque
[ Circuit Voltage
Y Circuit Current
Y Circuit Electric Pon
B3 Section
B3 probes
B2 calculation Tools
v [ Response Graph
EJ Response Data
B3 Graphs
@B Model Copy
> (@ Study:<Magnetic= <20 Spee
> @ Study:=Magnetic= <Multi Sli
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Submit Active Case to Queue...
Submit All Cases to Queue...
Check Result for Active Case...
Check Results for All Cases...
Check Results in Folder...
Check for Mew Cases...

Delete Results of Active Case
Delete Results of All Cases

Delete ResultSets of Active Case from Study
Delete ResultSets of All Cases from Study

Remove Results from Plot Fle..
Mew Loss Study
Delete Winding

Edit Circuit...
Import Circuit...
Export Circuit...
Delete Circuit

Check Geometry...

Export JCF
Merge JCF...

Duplicate Study
Delete Study

Add as Analysis Template to Toolbox...

Properties...

el
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Efficiency

o

|
5000

Speed

|
10000

|
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Torque

50

Output Power

|
5000

T
10000
Speed

[4] Iaaed inding
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Total Loss

100

Torque

50

[4] ssoT Te10]

¥=1000, T=163 F=6000, T=40
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B ki casel B

» View-Show Analysis Points for Each Case

File

Torque

View
Total Loss
Efficiency
Output Power
lamp
beta
Copper Loss
Iron Loss
Eddy Current Loss (Iron loss)
Hysteresis Loss

Mechanical Loss

Show Analysis Points for Each Case
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— 99
— 87,5

- 96

I I I
(L] [iu] (L]
— o o
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I
o
=

— 885

- a7

5000

Speed

Loaan

15000
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B ki casel B
> #AE S A HE-Go to Case, Bhi: £ 4H)Ncase, FFA] & & M N g5 B,

300 —
Ef 1
200 —
150 — q
100 —
< 4
m = ~
g'lEIEI 'E
B e 04
i 5
[
5 — =100 —
Zoom In -
Fit to the full range -200 i
T Zoom Out
5000 Add Point 3
| Go to Case | =300 —
: l |l ' L 1 I Ll T Ll Ll I |l T I 1 [ T L 1 Ll I T 1 1 I I
0 0. 005 0.01 0.015 0.02 0. 025 0.03
Time, s
M- \‘BZ N7y
RN
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B SRR A

Step: 80
Time, s: 0.0C
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> Graph..7~Torque, Calculation-Response Graph Data
> Calculationi#¢Ripple Rate, 75 X &4

File Edit

Graph

180 —H

Torque,

150 —H

140 —

Calculation

Skew Graph...

Response Graph Data... I

Fourier Transform...
Moving Average...

Extract Frequency...

i,

Torque
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Ak . . . —
JIMAG-Designer: Create Response Graph Data

Eeference Data: |T-:-rque ~
Title: |T|:urque
Caleculation: |RippleRate V| I
Thr eshold:
Feriodieity: Hone 1/2
Unit: |5 V|
Lines: |J5.ll V|
Variable: |Trip_
O Use A1l Steps in All Cases
(® Use Same Yalue for All Caszes
Start: | o)
Ernd: | 0.3 |
O Use Interval Before Last Step for All Caszes
Intervral: 1]
() Specify ¥alues for Each Case
Case Start End Parameter
1 0 0.3 8
2 0 0.3 8
3 0 0.3 a
4 0 0.3 a8
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IR a R RN e
> R JE R R K ST A e AR

i 5 1 — -
IMAG-Designer: Response Graph Data Table ? =

Study: efficiency? accouracyl PYM compenent more working

Data: Torque

Case 1 Case 2 Case 3 Case 4 Case 5 Case b
1 Torque 0.2800315890... 0.7211925116... 0.7230459311... 0.7111392311... 0.7120412315... 0.660038972
£ >
Export All Eesults...||Eegi5ter az Response Data|
Help. .. Cloze

Copyright (C) IDAJ Co., LTD. All Rights Reserved.




Z 1D.\)

B E PR KE)
> Efficiency Map-Response Table£5 4% £Add Result Type
> CRENAE AT A4, IRt BN I e AR

Bl /MAG-Designer: Response Table Result Type ? >
— . T
v || Efficiency Map

Title: |TEIF

v [ Response Table
Generate... Walne: |Torgque<Trip? o
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