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Motor-CAD Scripting Control for Duty Cycle
analysis

(August 2015)

Description

This document gives a brief description of how the internal Motor-CAD scripting can be used
to vary parameters during a duty cycle analysis. This can be useful for example for varying
losses, for varying imposed temperatures, varying thermal paths or modifying flow rates
using user specified functions.

This tutorial will show an example of the scripting being used to vary the housing water
jacket flow rate during a duty cycle.

Model Definition

For this example a default machine geometry will be used. The housing is set to have axial
water jacket channels as shown below:

£7F Motor-CAD w934 (No File)* E@

File Edit Model MotorType QOptions Defaults Editors View Resubts Tools Licence Print Updates Help
© Geomety | L] winding | (4] input Data | F Temperatures | ZZ] Output Data | [ Transient Graph | Ty Girouit Editor | §3 Senstivity | £ Sonpting |

(@ rose | T pud [we 30
o T (Fad Tosh = Fotor Tye: (5ot Paslel_7)
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Stator Dimensions Value Rotor Dimensions Value
Slot Mumber 18 Fole Number 4
Housing Dia 140 Magnet Thickness 4
Stator Lam Dia 130 Magnet Reduction 0
Stator Bore 20 Magnet Arc [ED] 140
Tooth Width 7 Magnet Segments 1
Slot Depth 18 Airgap 1
Slot Comer Radius 0 Banding Thickness 0
Teoth Tip Depth 1 Shisft Dia 25
Slot Opering 3 Shaft Hole Diameter |
Tooth Tip Angle 30

Sleeve Thickness 0

Fin Base Thickness |15

Fin Cover Thickness (1.5

Fin Thickness 2
Fin Pitch/Thick 5
Fin Pitch [Calc] 10
Plate Height 350
Plate Width 350
| Redraw omrs
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The default housing water jacket settings are used as shown below. For this example have
set a flow rate of 0.002m3/s with a coolant of engine oil and the flow passing through all 43
ducts in parallel from front to rear of machine.

£7% Motor-CAD v9.3.4 (DutyCycleScripting.mot)*
File Edit Model Defaults  Editors View Results Tools Licence Print  Updates Help
() Geometry | L J Winding [ mput Data ‘ E Temperatures I 22| Output Data Ig Transient Graph | Tih Grouit Editor I S0 Senstivity | £ Scripting Ix Flow|

%2 Cooling I W Losses I& Materials II Interfaces | (i) Radiation |I1‘11 Natural Con\red.ion| % Housing Water Jacket |@ End Space IE Duty Cycle | @ Settings | A Material dal * |+

oo ==

Motor Type  Options

Heat Tarstr

Fuid Data:

[Engine 0 (Unused)

)

Cooling Options:
Housing Water Jacket Type = Axial Channel

Channel Data:

Flid Volume Fow Fotel 0002 I [ Active Cocling Only Non Spiral ducts Dust Wall Thickness 0
Inlet Temperature: I—!m ity 01432 X -
? Themal Conductivy: Endeap Cooling Cutout Width (Average):  7.859
Density: 876 @ Mo Endcap Cooling (default)
eparate Endeap Coaling circuits Cutout Height (Average): 2
Cp 1.964 (©) Endeap Cooling in Series Flow e Lot
R atal): 6762
Kinematic Viscosity: 0.00024 F!‘“'“ Direction: on frea foid
Dynamic Viscosty 0210 ) Rear -> Front Flow Area [perchannel): 1573
: @ Frort > Rear Channel Width (Average):  7.859
R . annel Wi werage): 7.
Fr - Prandt] Number: 2883 Calculate or Input Number Flow Channels: g
@ Channel Height {Average) 2
@) Input
Parallel Flow Paths: E
Component Convection hlinput] Local Local Re Surface h Rt Notes
h? Cormelation or Velocity Huid Number Area
hladijust] | Multiplier | Velocity
Units W/m2/C pu m/s r'3 mm? W/m2/C cwW
Housing [Active] o Channel Corelation 1 1 2558 39.29 1708 | 7631E04 | 8234 0.01552
[Laminar]
Housing [Front] B Channel Comelation 1 1 2558 3929 1.708 4 663E04 1476 0.01453
[Laminar]
Housing [Rear] B Channel Comelation 1 1 25958 3929 1.708 4 663E04 B69.7 0.03202
[Laminar]

Length
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This flow is shown in the machine cross sections as shown below:

78 Motor-CAD v3.3.4 (DutyCycleScripting.mot)* [E=8(E=R =<3

File Edit Model Motor Type Options Defaults Editors Miew Results Tools Licence Print Updates Help
. Geometry |D Winding Iuﬂ Input Data I F Ternperatur&sl EJ Output Data ||i¥ Transient Graph | .ﬁl Circuit Editor Ez Sensitivity | ° Scripting Iﬂ Flow|

Housing: [Water.]ack.et[ﬁeda '] Mourting: [Hange ']
Slot Type:  [Parallel Tooth | Rotor Type: [Surface Parallel = |

Stator Ducts [None v] Rotor Ducts: [Nnne v]
Stator Dimensions Value Rotor Dimensions Value

Slot Number 12 Pole Number 4

Housing Dia 140 Magnet Thickness 4

Stator Lam Dia 130 Magnet Reduction 0

Stator Bore 20 Magnet Arc [ED] 140

Toaoth Width 7 Magnet Segments 1

Slot Depth 18 Airgap 1

Slot Comer Radius 0 Banding Thickness 0

Tooth Tip Depth 1 Shaft Dia 25

Slot Opening 3 Shaft Hole Diameter |0

Toath Tip Angle 30

Sleeve Thickness 0
Fin Base Thickness (1.5
Fin Cover Thickness |15

Fin Thickness 2

Fin Pitch./Thick 5

Fin Fitch [Calc] o

Plate Height 350

Plate Width 350

R d ! Draw base
e raw Draw Coaling
Length (-28.13,26.56) mm 11 December 2015 www.motor-design.com
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Eile Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Updates Help
. Geometry |D Winding IM Input Data I F Temperaiur&sl 2= Output Data I& Transient Graph | .ﬁ:l Circuit Editor Ez Sensitivity | ° Scripting I"N;" ka|

Housing: Water Jacket | Mounting
EVda Cavity: Feedback:  |NotFted v
Cowiing Shaft Type: | Sold
Fan: Radial Ducts: None

Radial Dimensions Valu ~ Fodal Dimensions Valu ~
Housing Dia Mataor Length
Housing Add [Inner F] Stator Lam Length
Housing Add [Inner R] Magnet Length
Stator Lam Dia Magnet Segments
Stator Bore Rotor Lam Length
Airgap Stator Adal Offzst
Banding Thickness Magnet Awxial Offest
Sleeve Thickness Rotor Axial Offset
Magnet Thickness EWdg Overhang [F]
Wafter Number EWdg Overhang [F]
Shaft Dia Wdg BExdension [F]
Shaft Dia [F] Wdg Edension [R]
Shaft Dia [R] Endcap Length [F]

Shaft Hole Diameter
Flange Extension

Endcap Length [R]
Endcap Thickness [F]

&&ccccmmg*ccﬁﬁﬁchcc—nggccg

ccccﬁﬁmmc%mmaamm%%cccg—tggg

Flange Dia Endcap Thickness [R]
Plate Height Shaft Extension [F]
Wdg Add [Outer F] Shaft Bdension [R]
Wdg Add [Outer R] Flange Depth
Wdg Add [Inner F] Plate Thickness
Wdg Add [Inner R] Bearing Width [F]
EWdg Insulation [F] Bearing Width [R]
EWdg Insulation [R] Bearing Cffset [F]
Bearing Dia [F] Bearing Cffset [R]
Bearing Dia [R] Stator Plate Thick [F] Red raw ﬁ"“@jﬁh‘ Draw base ‘
Fin Base Thickness |15 | | Stator Plate Thick [R] - .ok
Length mm 11D 2015 www -design.com
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Have setup a simple duty cycle with a period of 5000 seconds where the machine is
operating a 3 times per unit torque as shown below:

278 Motor-CAD v9.2.4 (DutyCycleScripting.mot)™ o] =] =)
Eile Edit Model Motor Type Options Defaults Editors Wiew Results Tools Licence Print Updates Help
) Geometry | [ ] Winding [ input Data | E Tempermtures I Z2| Qutput Data I& Transient Graph I‘I“ Circuit Editor I B8 Sensitivity I &) Scipting |ﬁ Flaw|

‘ 3% Cooling I W Losses I& Materials II Interfaces | () Radiation | ITIT Natural Convection |§ Housing Water Jacket IQ) End Space |E Duty Cycle |g Settings I A Material dal * | *

Duty Cycle Data:
2
o
% 3 ®
=
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4500 5,000
Time [secs]
E
E
g 3000
a8
@
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Time [secs]
Period | Hapsed | Time | Points | Tomque | Speed | Speed Fault | Ambient | Altitude
Time [Start] | [End] Temp | [End]
[End]
Units secs secs(® 6] pu B mmE| mpmE ca m &
1 5000 5000 100 3 3000 3000 [ 40 1]

Duty Cycle Control:
. 5 Duty Cycle Data Definition: Duty Cycle pu or Value Input; ~ Bdemal Duty Cycle Data:
[ Add Period ] | Remove Period ] © Tore (red)-Soeed g, File: No File Selected
() Loss - Speed . [ Load Data ] [ Save Data ] [ Clear Data ]
C heCK Data () Torque (Variable) - Speed © Value Save Bdemal Duty Cycle Data in mot file
|
Length (-45.44,71.30) mm 11 December 2015 www.motor-design.com
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Run the transient analysis by clicking on the transient graph tab. The transient temperatures
are shown below. It can be seen that the machine reaches a steady state operating point

with the winding hotspot at 174C.

@ Mator-CAD +8.3.4 (DutyCycleScripting. mot)*

Eile Edit Model Motor Type Options Defaults Edjtors

View Results

I Graphs

Tools

|0 Geometry I D Winding IDﬂ Input Data | F Temperatures I E Output Data ‘ g Transient Graph Iﬂ Circuit Editor Ez Sensitivity I ° Scripting |ﬁ Flaw|

Licence Print

Updates Help

Thermal Transient

171 ﬁ
162 )X‘% ¥ — &mbient
xx . v @ Housing [Activg]
153 + vngv [V - Housing OH [Fron{
o v [¥ - Housing [Frorf
144 + v [¥ @ Endcap [Frong
w7 [¥ <+ Flange Plate
138 7 [¥ = Housing OH [Rear]
128 E ¥ # Housing[Read
[¥ - Endcap [Rear]
S 17 W v @ Stator Back Iron
z [V -® Stator Surface
% 108 [¥ & Rotor Surface
“E’ ¥ % Magnet
] 28 [¥ + RotorBacklron
¥ % Shaft [Active]
80 [¥ = Shaft[Front]
[¥ © Shaft [Rear]
81 W O Shaft OHang [F]
- [¥ © Shaft OHang [R]
k [V -4 End Space[F]
83 v # End Space [R]
¥ + Housing Water Jacket[R]
sa-]4 ¥ # Housing Water Jacket[A]
' [¥ # HousingWater Jacket[F]
454 [¥ © Bearing [Frong
¥ 0 Bearing [Rear]
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4500 5000 | @ RotorLam [F]
Time [secs]
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Adding water jacket flow control using scripting

The water jacket pump in this application is to be switched off 2500 seconds into the duty
cycle. This pump control can be added using the internal scripting.

The internal scripting engine uses ActiveX to communicate with Motor-CAD. It is important
that ActiveX has been enabled. This is done from the menu->Defaults->Register for ActiveX-
>Multiple Clients:

mot)*
mns - Editors View FResults Tools Licence Print Updates Help
;l: Units £¢ Transient Graph | Tk Circuit Editor | e4 se
g Fonts g Housing Water Jacket | @ End Space | ]
Display Size
] Matar Type
— File Locations
Sirmple Interface
v’ Register for ActiveX k| ® Multiple Clients (default)
1,000 1,500 24 SrpE il —

Mot Registered

The ActiveX parameter names can be obtained from menu->Help->ActiveX parameter
names. The list can be searched and filtered to find the required parameter names as shown
below:

@ ActiveX Parameters EI@
Direction View:
Search Text - ! Up gfnl'gfns [ Save To File I l Refresh ] [ Close Window ]
Filter. housing Matches: | 1157 @ Down @ Inputs and Outputs
Number | Input/Outpu| ActiveX Name | Category [ urts Cument Value | Data Type Des |-
2 ifp InitialHousing Temperature Calc_Options C 40 double The
58 ifp HousingW.J_Fan_Definition Water_Jacket_Data 1] byte The
55 ifp HousingWJ_Shaft_Speed Water_Jacket_Data pm 3000 double The
100 ifp WJ_Fluid_Volume_Fow_Rate Water_Jacket_Data m/s 0.002 double The
104 ifp TVent_HousingCincDucts Through_Vent True boolean Whe
108 ifp HousingWJ_Rotor'WJ_Connection Calc_Options False boolean Whe
109 ifp HousingW.J_SprayCooling_Connection Calc_Options False boolean Whe
114 ifp TVent_HousingWJ_Connection Calc_Options False boolean Whe
117 o/p TVentStatorDucts Through_Vent 1] byte The
438 ifp IncludeWJ DuctWall Friction Water_Jacket_Data Tre boolean Whe
439 ifp WJ_Duct_Wal_Roughness_Active Water_Jacket_Data mm 0.0025 double The
440 ifp WJ_Duct_Wal_Roughness_Front Water_Jacket_Datz mm 0.0025 double The
441 ifp WJ_Duct_Wal_Roughness_Rear Water_Jacket_Data mm 0.002% double The
503 o/p HousingWJ_Channel_CSArea_A_Calculated Water_Jacket_Data mm? 15.7262794527731 double The
504 ifp HousingWJ_Channel_CSArea_A_Adjustment Water_Jacket_Data mm? 1] double This
505 o/p HousingWJ_Channel_CSArea_A Water_Jacket_Data mm? 15.7262794527731 double The
506 o/p HousingWJ_Channel_CSArea_F_Calculated Water_Jacket_Data mm? 15.7262794527731 double The
507 ifp HousingW.J_Channel_CSArea_F_Adjustment Water_Jacket_Data mm? 1] double This
508 a/p HousingW.J_Channel_CSArea_F Water_Jacket_Data mm? 15.7262754527731 double The
509 a/p HousingWJ_Channel_CSArea_R_Calculated Water_Jacket_Data mm? 15.7262754527731 double The
510 ifp HousingW.J_Channel_CSArea_R_Adjustment Water_Jacket_Data mm? 1] double This
51 a/p HousingWJ_Channel_CSArea_R Water_Jacket_Data mm? 15.7262754527731 double The
512 o/p HousingWJ_Channel_CSArea_L1_A_Calculated Water_Jacket_Data mm 0 double The
513 ifp HousingWJ_Channel_CSArea_L1_A_Adjustment Water_Jacket_Data mm 0 double The
514 o/p HousingWJ_Channel_CSArea_L1_A Water_Jacket_Data mm 0 double The
515 o/p HousingWJ_Channel_CSArea_L1_F_Calculated Water_Jacket_Data mm 0 double The
516 ifp HousingWJ_Channel_CSArea_L1_F_Adjustment Water_Jacket_Data mm 0 double The
1} double The

517 o/p HousingWJ_Channel_CSArea_L1_F Water_Jacket_Data mm

Page 6



Similarly the ActiveX commands are also available from menu->Help->ActiveX commands:

£ ActiveX Methods (]
Method D &
Load FromFile( filename ) load a "mot data file D

SaveToFile(filename )

save to a ~mot data file

SetVanable( variablename. value )|

set input variable

SetArayVariable! amay varablename. index. value )

set input amay variable (amay range [1..n])

GetVariable( varablename, value )

get value for varable

GetArayVariable( amay varablename, index, value )

get value for amay variable ( amay range [1.n]}

GetNode Temperature{ NodeNumber, value }

get temperature of specified node number

GetNodeCapacitance| NodeNumber, value }

get capacitance of specified node number

GetNode Power] ModeMumber, value }

get power on specified node number

GetNode ToMode Resistance( Node Mumber, NodeMumber, value )

get resistance between specffied node numbers

GetNode Exists{node Number)

retums true if node already exists, false if node does not exist

GetOffsetNode Number{Node Mumber, AxialSlice, CuboidNumber., valug)

gets the node number value of a node for specified slice (1..n) and cuboeid (1..n), retum -1 does not exist

GetMagneticGraph Point(graphNumber, pointMumber, xValue, yValue)

(Gets the x and y values for a point from 2 specified araph series

DioSteadyStateAnalysis cary out steady state calc

Cio Transient Analysis carmy out transient calc

DoSlotFinite Element cary out slot finite element analysis
DoMagneticCalculation camy out magnetic calculation

DoMagnetic ThermalCalculation camy out coupled magnetic and thermal calculation
DoWeightCalculation calculate the component weights

Speed_Import_Export

run Speed from Motor-CAD

F ing ) show a message on the screen
Quit quit Motor-CAD
SetVisible( boolean ) sets Motor-CAD visible or not

Display Screen( screenname }

Sets which screen to display (Losses, Schematic, Radial, Axial, FE, Scripting, CircuitEditor, StatorWinding, DutyCycleDefinition, Control)

Ayoidimmediate Update( boolean )

set to frue to speed up the setting of inputs, the steady state calc will only now be calculated when Do Steady StateAnalysis is called

isable Emor lean) set to true to display message in message display window, when set false user must respond when are displayed
ShowMagneticContext call this method to display the magnetic context
ShowThemalContext call this method to display the themal context
ClearDutyCycle clears the duty cycle
Load DutyCyclefileName) loads a duty cycle from a file
SaveDutyCyclefileMName) saves the duty cycle to afile

< [
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To control the housing water jacket flow have written the script shown below.

The CurrentTime parameter gets the current time in the duty cycle. The water jacket flow
rate is set using the WJ_Fluid_Volume_Flow_Rate parameter.

Note: all parameters used in ActiveX are in Sl units.

Before running the script in the duty cycle it is best to test the script itself by running using
the Run button shown below:

278 Motor-CAD v8.3.4 (DutyCycleScripting. mot)* == R
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Updates Help
| © Geometry | [] winding | [ input Data | £ Temperatures | 22 Output Data | |2 Transient Graph | Tyl Grouit Editor | E3 Senstivity | € Serpting |24 Flow|

Script Cortrol

Script Control: Status:
[ ErAn || [reuse |[ Elsp || @ none defauit 10:27:48 : Seript Ended =
S i b
() Run during Analysis 10:42:08 : Resume Requested -
10:42:08 : Scrpt Ended [
Scriptfile: Mo File Selected s
1 "' example Script
2 |r this is the main functieon called by when the run script button is pressed
3 |" the function 1s passed the current title of the motor project
4 |Function MainFunction (Title)
5 |dim mcad
& |set mcad = createobject ("motorcad.appautomation™)
7
8 |’ speed up the set by setting to avoid immediate update of input

9 |call mcad.AvoidImmediateUpdate (true)

11 |r display the messages in 2 separate window
12 |call mcad.S3etVariable ("ERROR_MESSARGES_DISABLED",1)

14 |r get the current time in the duty cycles
15 Jcall mead.GetVariable ("CurrentTime", currentTime)

18
17 Jif currentTime < 2500 then
is " time before 2500 set flow rate te 2e-3 m3/s
139 call mcad.SetVariable ("WJ_Fluid Volume Flow Rate”, 2e-3)
20 call mcad.showmessage ("WJ_Fluid Volume Flow Rate = " + C5tr(2e-3))
21 felse
22 " time after 2500 set flow rate te 0 m3/s
23 call mcad.3etVariable ("WJ Fluid Volume Flow Rate",0)
24 call mcad.showmessage ("WJ Fluid Volume Flow Rate = " + C3tr(0))
as I
26
27 [End Function
28 |
29
30
Saving File Completed Length (-45.44,71.30) mm 11 December 2015 www.motor-design.com
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If the script has run successfully it can then be added to the duty cycle calculation
done by selecting the Run during Analysis option shown below:

. This is

ﬁ Motor-CAD v9.3.4 (DutyCycleScripting.mot)*
File Edit Model Motor Type Options Defaults Edjtors View Results Tools Licence Print Updates Help
|® Geometry I L J winding Iuﬂ Input Dats I & Temperatures | E2| Output Data Ig Transient Graph | Th Crcuit Editor | L Sensntmtyl © Soripting ‘3 F\owl

Seript Cortrol

Scrpt Cortrol: Stalus:
[ BRwn || [ Pause || [Estop || ) None idefauty 10.27:48 - Script Ended
s heform £ 102748 Scrpt Ended

10:42:08 : Script Ended

) 10:27:49 : Script Ended
B save (& Load | un during Analysis | 10:42:08 - Resume Requested

Secriptfile: Mo File Selected

1 |rr example Script

2 |r this is the main function called by when the run script button is pressed
3 |r the function is passed the current title of the motor project
4 |Function MainFunction(Title)

5 |dim mcad

& |set mcad = createobject ("motorcad.appautomation™)

7

& |r spesd up the set by setting to aveld immediate update of inpubt
9 |call mcad.AvoidImmediateUpdate (true)

10

11 |’ display the messages 1n & separate window

12 |call mcad.SetVariable ("ERRCR_MESSAGES DISABLED",1})

i3

12 |' get the current time in the duty cycle

15 Jcall mcad.GetVariable ("CurrentTime", currentTime)

16

17 Jif currentTime < 2500 then

is " time before 2500 set flow rate to 22-3 m3/s

19 call mcad.SetVariable ("WJ_Fluid Volume_Flow_Rate",2e-3)

20 call mcad.showmessage ("WJ_Fluid Volume Flow Rate = " + C5tr(2e-3))
21 fjelse

22 " time after 2500 set flow rate to 0 m3/s

23 call mcad.SetVariable ("WJ_Fluid Volume Flow_ Rate",0)

24 call mcad.showmessage ("WJ _Fluid Volume Flow Rate = " + C5tr(0))
> |
26

27 [End Function

zg

29

30

Length (-45.44.71.30) mm 11 December 2015
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Now when the transient analysis is run the script will be run for each step of the transient
analysis. Can see the increase in the machine temperatures after 2500 seconds when the

housing water jacket flow is stopped:

ﬁ Motor-CAD v9.3.4 (DutyCycleScripting.mot)™
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Updates Help

| © Geometry | [] Winding | 1] Input Data | £ Temperatures | 22| Ouput Data | 2 Transient Graph | Ty Girouit Edtor | £ Sensiivity | € Scrpting | 23 Fiow |

=e ]

O setup | == Data |2 Graphs |

Thermal Transient

198 Xxxxxxxx
* ¥ — Ambient
180 xxx vwvwvwww [ @ Housing [Active]
b4 o v @ Housing OH [Frong
WXXMWWWX o ¥ -« Housing [Frong
xxxxx s ¥ ¥ Endcap[Front
162 5 VV [V + Flange Plate
b4 WWWWW ¥ & Housing OH [Rear]
of e ¥ # Housing [Reard
7 [¥ 4 Endcap [Rear]
144 F—F [V @ Stator Back Iron
x 7 v @ Stator Surface
—_ 7 [V & Rotor Surface
o ¥ * Magnet
g 128 [¥ + Rotor Back Iron
-gl ¥ % Shaft [Active]
g [¥ # Shaft[Fronf]
T s [# & Shaft[Rear]
[ @ Shaft OHang [F]
[¢ © Shsft OHang [R]
[ - End Space[F]
20 [ - End Space [R]
¥ + Housing WaterJacket([R]
¥ »x Housing WaterJacket [4]
[¥ ® Housing Water Jacket[F]
27, [ & Bearing [Front
e an e [V © Bearing [Rear]
O os0o0aeeestododp [ @ RotorLam [F]
090 [V & RotorLam [R]
54 [ % Magnet[F]
s ¥ -+ Magnet[R]
s per oy [¥ < Housing WJInlet[F]
] 500 1,000 1,600 2,000 2,500 3,000 3,500 4,000 [¥ ¥ Winding (Average)
Time [secs] ¥ + Winding (Coolspat)
Graph Created 11 December 2015 www.motor-design.com

Conclusion

This example shows how the internal scripting inside Motor-CAD can be used to vary the
housing water jacket flow rate. The internal scripting in Motor-CAD provides a great degree

of flexibility for customising transient duty cycles.
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