Motor-CAD to SPEED coupling

Description

This document gives a brief description of how to set up a machine model in Motor-CAD and
SPEED to construct and combined electromagnetic / thermal model. This coupling is
powerful with many ways to achieve similar results. This document will detail one of the most
common methods.

Export SPEED model to Motor-CAD

Normal starting point is assumed to be a SPEED electromagnetic model. A default machine
is used for this example with cross section as shown below.

""" Qutline Editor [=3lrn ==
RadsSH
Rad1l 25.0000
Gap 1.0000
LM 5.5000
BetaM 170.0000
Poles 4
Nmbp 1
Slots 12
LamShape Circle
Rad3 50.0000
S_Slot Square
SD 14.0000
TWS 5.0000
SO 2.0000
TGD 1.0000
SOang 20.0000
filSO 0.0000
filSB 0.0000
Lstk 50.0000
Embed Not
RotType SurfRad
Config Normal
RotorAng 0.0000
Edit View Radial

To export a SPEED model to Motor-CAD the steady state or dynamic analysis must be run
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using the menu option shown below.
"7 PC-BDC 8.0 (Consortium) - C:\workspacedxfitest.bdd
File Data Outline Results Tools Options Window Help

‘_DJ\@/\EILIEL Static Design Ctrl+2

Dynamic Design Ctrl+D
Autoszearch
™7 Outline Editor Torque/Speed
RadSH Line-start 60,50.898) |
Ranging Ctrl+B
Rad1l o Uooy
Gap 1.0000
LM 5.5000

The following option is then available as shown below.
"7 PC-BDC 8.0 (Consortium) - Cworkspace! difitest.bdd
File Data Outline Analysis Results Options  Window Help

LD;“@/\E/LTLI Calculator F4

Unit Converter

Scripting F7

™7 Dutline Editor Steel Database Ctrl+5

RadSH Magnet Database Ctrl+6 _
GoFER (FE Link) F11

Rad1 25.0000 e ,

Gap 1.0000 Export data »

LM 5_5000 Motor-CAD

BetaM 170.0000

Pnlac pal

The dialog shown below is then displayed. The 6 opti ons 6 blectedtohaves houl d &
further options for the export.
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GoTAR (BDC)

Export to Motor-CAD
Select a GoTAR

-2
GoTAR
@ Export to Motor-CAD

Transfers geometry, winding, initial
temperatures and losses to Motor-CAD

7 Help

‘ Options ‘ ‘ X Cancel H o OK ‘

Sel

ecting the 6l ntelligent
selected.

LA tmestinratg daclonpt i on b el
properties that are not be required in the SPEED model. The OK button should then be
GoTAR (BDC)

Export to Motor-CAD
Set export properties

Sl
Settings

Intelligent geometry

[] SPEED thermal material data

? Help

‘ <= Back

H Mext == ‘ ‘XCanceIH

W OK ‘
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Motor-CAD will then be launched and the machine exported from SPEED to Motor-CAD as
shown below.

3 Motor-CAD v5.1 8.9 (C\workspace\ dxf\test. mot)*
File Options Defaults Editors View Results Tools Help

@@ 55} Motor Type: Title: Default Motor

’m Bxial Eross-Sact|0n| Winding Ed|t0r| InputData| Schemat|c| Node Temparatures‘ Output Data | Transient Graph | Circuit Editor SensltMty| Scnptlng|
Houging: Mounting:
Slat Type; Fiotor Ducts:

BFM Rator | Surface Radial  +

Stator Dims. Data Rotor Dirns. Data

Slat Number 12 Pole Number 4

Houzing Dia 110 Magnet Thickness 85

Stator Lam Dia 100 tagnet &rc [ED] 170

Stator Bore 52 Airgap 1

Tooth "Width 5 Banding Thickness 1]

Slat Depth 14 Shaft Dia 20

Slat Corner Radiuz 1] Shaft Hole Diameter |0

Slot Opening 2

Tooth Tip Depth 1

Tooth Tip Angle 20

Sleeve Thickness 1]

Stator Ducts 1] Draw plate
Red raw Drrav base

Length (-41.34,5519) mm 14 May 2009 www.motor-design.com
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The losses calculated in SPEED are now used in Motor-CAD as shown below.

ﬂ Motor-CAD v5.1.9.9 (C\workspace\difitest. mot)* == =]
Eile Options Defaults Editers Yiew Results Tools Help

?@ [ Motor Type: Title: Defautt Motor

Fadial Cioss-Section | Axial Cross-Section | “winding E ditor | Input Data  Schematic | Node Temperatures ‘ Output D ata ‘ Transient Graph ‘ Circuit Editar | Sensitivity | Scripting |

‘ Caaling Dplions‘ Losses | M aterials &W’a\ghtsl Interface Gaps I Radiation | Matural Convection | Through Ventilation I End Space | Transient I Settings I tatenial F‘ropert\esl

Loss Variation with Speed: Stall Copper Loss Distribution:
coef[4] Speed Dependant Losses @ Equalfla=Ilb=lg] 1 Sineflaf2=1b=1c)
Plspeed] = Plinput] = |: % :I Shaft Spesd [1pm] 1000 O Estepfla=lb,lc=10]
Single value of SpeedREF] [rom] 1000 YWinding Temp Variation with Proximity Loss Distribution:
Percentage Winding Temperature Increaze (at Proximity RPR): o
Component Plinput] | Speed[REF] | coef[A] Wikg Plspeed] Friasimity RPM: 1E4
S TR Wk ot (o s Vet vt e
Loss [Stator Copper] 191.8 1000 1) 23324 181.8
Loss [Stator Back Iron] 0.3017 1000 15 0.2821 03017 s
Loss [Stator Toath] 0.3201 1000 15 0.8451 0.3201 Loss Variation with Temperature & Load:
Loss [Magnet] 0.01284 1000 1] 0.04779 no12ad [ Losses Wary with Temperature & Load
Loss [Fotor Back lion] ] 1000 0 0 0 Contant Torgue or Constant Current
Lose [Friction - F Bearing] 0 1000 1 0 0 @ Constant Torque Constant Current
Lose [Friction - A Eearing] u] 1000 1 1] 1] 5054
Lozs [windage] o 1000 2 a a
Loss [windage] [Ext Far)] 0 1000 z 0 0 2%
Power Inigcted [Endcap Front] 1] 1000 1] 1] 1] Shaft Torque [Mm] [@Peu defined) 2606
Power Injected [Endcap Rear] 1] 1000 a a a e
Power Injected [Feet] u] 1000 1) 1) 1)
Power Injected [Shaft Active] 1] 1000 0 0 0 0.07673
Power Injected [Shaft Front] u] 1000 1] 1] 1] 1
Paower Injected [Shaft Fear] u] 1000 1] o o
Fower Injected [E'/da Frant] i] 1000 i i i 009682
Power Injected [E\dg Rear] u] 1000 1) 1) 1) 02
Power Injected [Widg Outer] u] 1000 1] 1] 1]
Power Injected [ESpace Front] o 1000 o a a 15
Power Injected [ESpace Rear] u] 1000 1] 1] 1] 3
Losses Notes:
Check Data
Length mm 14 May 2009 www.motor-design.com

The Motor-CAD model then needs to be completed by the user providing housing, winding
and cooling details, materials, interface gaps etc. that are not present in the SPEED model.
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When the model is completed the steady state temperatures can be calculated and viewed
as shown below.

@ Motor-CAD v5.1.9.9 (Cworkspace\dxfitest. mot)* == ==
Eile Options Defaults Editors View Results Tools Help
=(aH (&= k] (232 (50 2 U Motor Type: Title: Defout oir
Radial Crozs-Section | Aial Cross-Section | “Winding E ditor | Input D ata | Schematic  Mode Temperatures ‘ Output Data ‘ Trangient Graph ‘ Circuit Editor | Senszitivity | Scripting |
Steady-State
49w
23W 51W 139W
118.9C Blocked 118.4C 115.3C
119.6C - - 119.4C
24TW 247W 332w 41.2W 327w 327W
ran 0.0w 6W g 3w -1.5W
133.1C 03w 132.8C 2
1
L —
85.6C 0.0W 437194 4143TW 25 4W 152.8C 45.4C
151.1C
67.1C
. 25W 165.8C 24W
Plot Options: H -56.1W 43 T‘lSMZAC
Resistance: 158.9C 94 4W
) Label
) Resistance 0.o0w
@ Power
odT 0.ow
Node: 0.ow
) Label
@ Temperature 524C
) Capacitance 00W
0.5W
25W 75.7C 2.6W ’ 20.0c 2.0W 75.2C 24W 0.0W 1)
Loading File Completed Length mm 14 May 2009 www.motor-design.com
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Combined SPEED and Motor-CAD results

The above results are for the machine with the losses given by SPEED, however these
losses were calculated in SPEED at ambient temperature.

An iterative solution is available between SPEED and Motor-CAD. SPEED passes the
losses to Motor-CAD, Motor-CAD calculates the temperatures that are passed back to
SPEED that then recalculates the losses for the new temperatures. This is repeated until the
losses and temperatures converge.

@ Motor-CAD v5.1.9.9 (Chworkspace\dufitest. mot)™
File Options Defaults Editors View Results Help

@laf@l) o E ] e s

Im Axial Crogs-Section | ‘winding E dif Sensitivity R TH L Py e e "‘""1J
SPEED » Import / Export iy
Housing: Maunting: [_—JNDt FIOuE Y Steady State Comparison Ctrl+D
Slat Type: Ratar Ducts: Transient Comparison Ctrl+G
BPM Rotor: | Surface Radial -
Stator Dimns. Diata Fatar Dirrs. Data
Slat Mumber |12 Pale Mumber |-'-1
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The dialog box should then be set up as shown below. When the OK button is pressed

SPEED and Motor-CAD solutions are iterated until they converge.

P

% SPEED Import/Export

SPEED Import:
SPEED losszes

[] SPEED geometry

Intelligent geometry =caling
SPEED Cooling Data
[] SPEED Thermal Duty Cycle
[T] SPEED Material Data

Radial Cross Section & Lstk

SPEED datafile: C\workspace\dxftest.bd4

Motor-CAD datafile: | C:\workspace\d=fitest. mot

Windage/Friction Ratio: 0.5
Friction Front/Rear Ratio: 0.z
Calculation Options:
() Single Shot Import/Export
(@) tterate to Converged Solution

| V' OK | ‘ X cancel ‘ ? Help ‘

[= e s

Motor-CAD Export:
Wotor-CAD temperatures

Steady State or Transient Tempetaures:

@ Steady-State Temperatures

() Final Trangient Temperatures

[] Motor-CAD geometry
Radial Cross Section & Lstk
Axial Cross Section

Winding Design

SPEEDVMotor-CAD Convergence:

Allowable Convergence Error [%]:

Maximum Number terations:

20

-
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The convergence should take less than 1 minute and the following dialog will be shown.

Motor-CAD

SPEED and Motor-CAD Temperatures Converged, terations = 11

[l

Inside SPEED it can be seen that the temperatures calculated inside Motor-CAD are used in

the model.

“ Template Editor =R 5|
TempCalc FixTMag IterX Wdg2Mag 0.8000 Ambient 20.0000
T_Mag 79.7853 T_Wdg 181.5967 T_Brg 25.0000 T_Gap 25.0000
DegCW 0.0000 HTCcyl 10.0000 HTCend 0.0000 ThTol 1.0000
cp_Frame 0.8960 cp_SFe 0.4500 cp_Cu 0.3831

cp_Shaft 0.4500 cp_RFe 0.4500 cp_Mag 0.4500

AddC_F 0.0000 AddC_Y 0.0000 AddC_Cu 0.0000

AddC_H 0.0000 AddC R 0.0000 AddC B 0.0000

AddC_T 0.0000 AddC_M 0.0000 AddC_G 0.0000

FrLgth 75.0000 FrThk 5.0000 FrDens 2700.0000 CapThk 5.0000
N_Fins 0.0000 LFin 0.0000 FinThk 0.0000 XFSArea 1.0000
LShaft 75.0000 ShDens 7800.0000

LShell 60.0000 ShellThk 5.0000 RadCap 25.0000

Basic design | Magnetics /Caic. Options ,Themal / Embedded FEA

Page9




The losses can also be seen in the SPEED model.

" Design Sheet

| Dimensions | Material | Control | Winding | Mag. Circuit| Dynamic |Therma| | Core Loss | Misc. |
7 Dynamic design (time-stepping simulation) :-- - -——

r Vs 24.0000 v REM 1000.0000 rpm

Tshaft 2.0 Nm Pshaft 218.9886 W EEff 45.67%6 %
WCu 221.2 W WFe 0.5465 W WWE 0.0000 W
WCan 0.0 W WMagnet 0.0105 w WShaft 0.0000 W
WTotal 221.8 W TempRise 160.8522 °cC Jrms 5.4%%8 A/mm?
Iwpk 39.9 B IWav 24.9%682 A IWrms 29.8447 A
Ilpk 39.95 A ILav 24.%682 A ILrms 25.8447 A
IQchpk 40.0644 A IQchav 5.2460 A IQchrm 18.3322 A
Icmpk 40.0c44 A IQcmawv $.2460 A IQcmrm 18.3322 A
IDchpk 40.0466 A IDchav 3.2406 A IDchrm 10.4646 A
IDcmpk 37.0742 A IDcmav 3.2406 A IDcmrm 10.4e4e A
IDC W 18.0136 A WConv 11.6662 W EffDCsh 48.3986 %
IDC_ P 18.8528 A Wewitch 0.0000 W Pelec 440.8022 W
Tgap 2.0965 Nm Tei 2.0950 Nm Trel 0.0015 Nm
Tloop 2.0964 Hm

WRac 0.0000 W W_Rs 0.0000 W V_Rs 0.0000 Vv

The losses are now shown in Motor-CAD as shown below.

ﬂ Motor-CAD v5.1.9.9 (C\workspace\difitest. mot)* [F=2EoR(tx=|

Eile Options Defaults Editers Yiew Results Tools Help

?@ n [ Motor Type: Title: Defautt Motor

Fadial Cioss-Section | Axial Cross-Section | “winding E ditor | Input Data  Schematic | Node Temperatures ‘ Output D ata ‘ Transient Graph ‘ Circuit Editar | Sensitivity | Scripting |

‘ Coaling Dplions‘ Losses | I aterials &W’a\ghtsl Interface Gaps I Fladiation | Matural Convection | Through Yentilation I End Space | Transient I Settings I I aterial F‘ropert\esl

Loss Variation with Speed: Stall Copper Loss Distribution:
coeffd] Speed Dependant Losses @ Equalfla=Ilb=lc] 1 Sineflaf2=1b=1c)
Plspeed] = Plinput] = |: % :I Shaft Spesd [1pm] 1000 O Estepfla=lb,lc=10]
Single value of SpeedREF] [rom] 1000 YWinding Temp Variation with Proximity Loss Distribution:
Percentage Winding Temperature Increaze (at Proximity RPR): o
Component Plinput] | Speed[REF] | coef[A] Wikg Plspeed] Friasimity RPM: 1E4
e e Wk (o Lo Vo i e
Lose [Stator Copper] 221.3 1000 1] 284 2213
Losz [Stator Back Iron] 0.2677 1000 15 0.2503 0.2677 Lo
Loss [Stator Tooth) 0.2792 1000 15 0.733 0.2792 Loss Variation with Temperature & Load:
Loss [Magnet] 0.01092 1000 1] 0.04064 oo1o9z [ Losses Wary with Temperature & Load
Loss [Fotor Back lion] ] 1000 0 0 0 Contant Torgue or Constant Current
Lose [Friction - F Bearing] 0 1000 1 0 0 @ Constant Torque Constant Current
Lose [Friction - A Eearing] u] 1000 1 1] 1] 1809
Lozs [windage] o 1000 2 a a
Loss [windage] [Ext Far)] 0 1000 z 0 0 ElF
Power Inigcted [Endcap Front] 1] 1000 1] 1] 1] Shaft Torque [Mm] [@Peu defined) 2091
Power Injected [Endcap Rear] 1] 1000 a a a a5
Power Injected [Feet] u] 1000 1] 1] 1] =
Power Injected [Shaft Active] 1] 1000 0 0 0 0.07007
Power Injected [Shaft Front] u] 1000 1] 1] 1] 1
Paower Injected [Shaft Fear] u] 1000 1] o o
Fower Injected [E'/da Frant] i] 1000 i i i 0.0828
Power Injected [E\dg Rear] u] 1000 1) 1) 1) 02
Power Injected [Widg Outer] u] 1000 1] 1] 1]
Power Injected [ESpace Front] o 1000 o a a 15
Power Injected [ESpace Rear] u] 1000 1] 1] 1] 3
Losses Notes:
Check Data
Length mm 14 May 2009 www.motor-design.com
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The results can be viewed in Motor-CAD as shown below. These temperatures are now
higher as the losses now calculated accurately based on the calculated temperatures.

@ Motor-CAD v5.1.9.9 (C\workspace\difitest. mot)* == =]
Eile Options Defaults Editors View Results Tools Help

EaEEE R 21l 5[5 [F ot yee: [ <] Tite: ovmutor

Steady-State
10.0W 6.5W
132.4C 135.3C
136.2C
30.0W 30.0W
97W oW 1ow @ 122.3W
146.5C
152.7C 0 152.3C
03w 0.0W
1
95.8C D.ow 532114 9/532W 31.0W 176.6C 46.6C
174.6C Q
73.1C 192.5C [T]1149wW
- 3ow . ! 29w
Plot Options: H -67.6W 53 2,?'[5‘0{: H
Resistance: 184.1C 114.9W
) Label
) Resistance 0.0w
@ Power
o dT 0.0W
Node: 0.0w
Label 30.0C
/' Labe! [ ]108.6C iy 55.0C
@ Temperature ] 10W  90.6C
_) Capacitance 0.0W
0.6W
= I
3.0w 834C 20,'?(: 23W 82.8C 29W 0.0W 1)
L
Length mm 14 May 2009 www. motor-design.com
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