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Overview

* Transient Setup
- This workshop discusses basic setup details of Magnetic Transient solver
- The transient setup is described with two different excitation methods

* Example 1: Transient With Sources

- This example shows setup of Transient solver with time varying excitation applied through datasets and
equation.

- Final assigned excitation is evaluated based on combined output of both methods
* Example 2: Transient With Circuits

- This example explains the setup of transient excitations through External Circuit method.
- The excitation circuit is set using Maxwell Circuit Editor

- Maxwell excitation values are calculated based on the circuit model assigned through Circuit Editor
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Model Setup

Insert Design

- Select the menu item Project = Insert Maxwell 3D Design, or click on the icon in drop down list Maxwell on

panel Desktop [
.‘Iafwell Simplorer Eﬂ S
- Changethe nameto WS 3 2 [ iwwaw |
B Maxwell 2D
Set Solution Type 1 e

- Select the menu item Maxwell 3D =2 Solution Type
- Choose Magnetic = Transient
- Click the OK button
Set Model Units
- Select the menu item Modeler & Units
- In Set Modeler Units window,
 Select units: mm (millimeters)
* Press the OK button
Rename the Design
- Double Click on the new Design
- Change the name to BE_Trans_sources
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Solution Type: Project? - Maxwell3DDesignl

k agnetic:

" Magnetostatic

" Eddy Current

{*" Tranzient

Electric:
{ " Electrastatic
{ " DC Conduction
—

" Electric Transient

Qk. Cancel

Project Manager

=5 ws_3_2
El@ BE_Trans_Sources (Transient)




Create Core

* Create Regular Polyhedron
- Select the menu item Draw = Regular Polyhedron
» Using the coordinate entry fields, enter the center of the base
X:0,Y:0,Z:0, Press the Enter key
» Using the coordinate entry fields, enter the radius
dX: 2, dY: 2, dZ: 20, Press the Enter key
* Number of Segments: 24
- Change the name of the Object to Core
- Change the material of the object to ferrite
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Create Coil

Create Regular Polyhedron
- Select the menu item Draw = Regular Polyhedron
» Using the coordinate entry fields, enter the center of the base
X:0,Y:0,Z: 0, Press the Enter key
» Using the coordinate entry fields, enter the radius
dX: 3, dY: 3, dZ: 20, Press the Enter key
* Number of Segments: 24
- Change the name of the Object to Coil and material to Copper
Subtract Objects
Press Ctrl and select the objects Coil and Core from the history tree
Select the menu item, Modeler = Boolean = Subtract
Blank Parts: Coil
Tool Parts:
Clone tool objects before operation: ¥ Checked
Click the OK button
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Create Coil Terminal

* Create Coil terminal E-& Solids
Eg VaCUUm
- Select the object Coil from the history tree &7 Coil
. . . C RegularPolyhed
- Select the menu item Modeler = Surface = Section Eﬂ_g e sguemeyhedien
* Section Plane: YZ . SectionTo
-5 Core
* Pressok i CreateRegularPolyhedron
- Change the name of the resulting sheet to Terminal | EH CloneTo
-3 Sheets
e Separate Sheets =¥=] Terminal

if,l SectionFrom
...5# SeparateBody
- Select the menu item Modeler = Boolean = Separate Bodies  |w-lz., Coordinate Systems

* Delete Extra Sheet ig E::tzes
- Select the sheet Terminal_Separatel from the history tree
- Select the menu item Edit = Delete

- Select the sheet Terminal from the history tree

=1

=1
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Assign Excitation

Note: The excitation for this problem is a voltage source with a 1KHz triangular wave superimposed on a 50 Hz sine
wave with a 50 V DC offset. Triangular wave is specified through a design dataset.

» Specify Dataset

- Select the menu item Maxwell 3D - Design Datasets
- In Datasets window, select Add

- In Add Dataset window,
* Name: DSet_A
* Coordinates:

X1=0

X2 = 25e-5

X3 = 75e-5

X4 =1e-3

Select OK and Done

Y1=0
Y2=1
Y3=-1
Y4=0

Edit Dataset o (B ][
MName: |DSet_& Swap X Data Impart D ataget... Export Dataget. .
Coopdiaat &
i v 1.00E+000
iln ]
2| n.on0zs 7 50E-001
= 0.00075 ]
+J o001 5 00E-001 -
= 2 50E-001
— > 0.00E+000
To | E
] i -2 50E-001
10 -
| | -5.00E-001 -
JE—E | | -7 50E-001
_1UUE+UUU - T T T T | T T T T I T T T T I T T T T I T T T T
0.0000 00002 00004 00006  0.0008  0.0010
(1] | Cancel | X
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Assign Excitation

* Add Winding r Winding

- Select RMB on Excitations - Add Winding General | Defaus |

- In Winding window, Name: [Winding
* Name: Winding_A Parameters
* Type: Voltage Type: \Vottage v| " Solid ' Stranded
» Stranded: ¥ Checked nitial Curert [0 A ]
* Initial Current: 0 A Resistance: | [25 ohm  +|
* Resistance: 25 ohm nductance: [0 o B
* Inductance: OH Voltage: 150 + 25%sin{2°pi"50"Time) + | | |
» Voltage: 50 + 25*sin(2*PI*50*Time) + 5*pwl_periodic(DSet_A, Time) onber of porlelbrangtes: [|

* Press OK

Note: The expression specified for Voltage has three different components
* The first term is a 50 V DC offset
e The second term is a 25 Vp-p, 50 Hz sine wave

* The third term is a 5 Vp-p, 1 KHz triangular wave
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Assign Excitation

° Assign Coil Terminal Assign Excitation » Coil Terminal..
- Select the sheet Terminal from the history tree fesian Parameters AR
- Select RMB on selected Object 2 Assign Excitation 2 Coil Terminal ﬂ
- In Current Excitation window, Coil Terminal Excitation [
* Name: CoilTerminall
* Number of Conductors: 150 Mame: [CoiT erminal
* Press OK el
| Number of Conductars:  [150 |
* Add Terminal to Winding
- In Project manager window, expand the tree for Excitations suEpliceten |

- Right click on the tab CoilTerminall and select Add to Winding
- In Add to Winding window,

* Select Winding_A & Model
* Press OK

¥ Boundaries
- #J Excitations
= (| Winding_&
#% CoilTerminall
Fe Parameters
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Create Region

* Create Simulation Region
- Select the menu item Draw = Region
- In Region window, — |
 Padding all directions similarly: M Checked

* Padding Type: Percentage Offset
 Value: 500 Z

* Press OK ’.\‘
a ¢

.

Note: As Core and Coil are in direct contact with each other, an insulation boundary has to be defined between them
to avoid current leakage from Coil to Core. In present case however that is not necessary as the ferrite has a
conductivity = 0.01S/m, far below the default conductor/insulation threshold 1S/m
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Apply Mesh Operations

Note: A transient solver does not use the adaptive meshing technique. Thus manual mesh specifications are
required to refine the mesh in important regions to achieve accuracy of results

* Apply Mesh Operations for Core
- Select the object Core from the history tree
- Select RMB everywhere = Assign Mesh Operations = On Selection - Length Based
- In Element Length Based Refinement window, ' Element Length Based Refinement @ﬂ
* Name: Lengthl
Restrict Length Of Elements: [ Unchecked
Restrict the Number of Elements: ¥l Checked

Mame: | |Lengthl [+ Enable

Length of Elements

Restrict Length of Elements [
* Maximum Number of Elements: 1000 Masimum Length of Elements:
* Press OK 4 o ]

Humber of Elements
Restrict the Humber of Elements v

b axirnum Mumber af Elements:

11000

oK Lobancel
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Apply Mesh Operations

* Apply Mesh Operations for Coil
- Select the object Coil from the history tree
- Select RMB everywhere - Assign Mesh Operations = Inside Selection = Length Based
- In Element Length Based Refinement window,

Element Length Based Refinement [
* Name: Length2
* Restrict Length Of Elements: [J Unchecked Name: | |Lengtha W Enable
* Restrict the Number of Elements: ¥] Checked Length of Elements
* Maximum Number of Elements: 1000 Riestrict Length of Elements |—
e Press OK Masimurn Length of Elemerts:
4 o ~]

Murnber of Elements
Festrict the Murmber of Elements [

M aximum Mumber af Elements:

11000

oK | L bancel
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Analyze

* Create an analysis setup:
- Select RMB on Analysis = Add Solution Setup
- Solution Setup Window:

* General tab |
] Solve Setup
* Stop Time: 20 ms _ _ _ |
* Time Step: 100 us General | Save Fields | Advanced | Solver | Expression Cache | Defautts |
* Press OK
MName: |Set|_||:|'l v Enabled
* Run Solution Transient Setup
- Select RMB on Setup1 - Analyze
Stop time: 20 ms
Time step: 100 us |

Note: By default few output quantities are calculated for all time steps. Fields are saved only for Stop time. If user
need to post process fields for any in-between time steps, they need to save the fields at required time steps using
save fields tab
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Plot Voltage and Current

* Create Plots
- Select RMB on Results = Create Transient Report = Rectangular Plot
- In Reports window,
* Category: Winding

e Quantity: Current(Winding_A)
e Select New Report

Change Quantity to InputVoltage(Winding_A)
* Select New Report

XY Plot 1 BE_Trans_Sources XY Plot 2 BE_Trans_Sources 4
350 20.00
| Curve Info | Curve Info
— —— Current{Winding_A) - —— InputVoltage(Winding_A)
— Setup1 : Transient _ Setup1 : Transient
3.00 — 7
. 70.00 —
250 — ]
] 560.00 —|
< n z -
= - | .
<2.00 — y 4
i ] Current Eso00 Input Voltage
g n =50.00 —
5150 — s i
] Ea0.00
1.00 — i
30.00 —
0.50 — .
0.00 — —TT T — T T T T —T 20.00 T T — T T T —T T T T T T
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Time [ms] Time [ms]
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Model Setup

* Copy DeSign E@ggmz Sources [Transient
- Select the design BE_Trans_Sources from Project manager tree + ([ Defintions [ Copy
- Right click and select Copy
- Select the name of the project from Project Manager tree =
- Right click on it and select Paste moe
- Rename the new design as “BE_Trans_Circuit” > Delete Project Permanently fr
 Modify Winding Setup [ Winding
- Expand the Project Manager tree to view Excitations General | Defauts |
- Double click on Winding_A under Excitations Name: [Winding
- Change the Type to External P:TE” — = et ©
- Press OK iitial Curert [0 [A ~]
Resistance: | |ohm ~|
inductance: |1 mH ~|
Voltage: [ | ~|
Mumber of parallel branches: I'li

Note: When Excitation Type is set to External, External circuit will be used to calculate inputs for winding
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Create External Circuit

Edit External Circuit (=5
o MaXWEII leCUlt Edltor Winding Information | Buailable Induciors] Source T‘_.fpe]
- Select RMB on Excitations = External Circuit = Edit External Circuit Below i a s of the extemaly connected windings you have setup in your model.
R . . . Winding Name | Has Inductor in Circuit | Inductor Name
- In Edit External Circuit window, Winding A =
* Click on Create Circuit
- Maxwell Circuit Editor is added to existing project with windings as defined
Create Circuit Import Circuit Netlist... |
(o] 14 | Cancel |

In Maxwell Circuit Editor special components are created by default corresponding to windings in Maxwell. The
name of the windings are the same used in Maxwell. The two names must match each other to assure the correct

link
=0 ws_3 2
Project Manager =48l BE_Trans_Sources (Transient)
w0 BE Trans_Sources (Transient)  f | & Mode! —] Lvinding A
: BE_Tranz Sourcesl (Transient) - Boundaries / TR
i E-#%& Exdtations /
-] Definitions - Winding_A
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Create External Circuit

e Add Source Components

- In Component Libraries window, expand the tree for Maxwell Circuit Elements - Sources. Select the element
Vsin from the tree, drag and drop it on the worksheet

- Note: if the Component Libraries does not show up, go to menu item View = Component Libraries to make it
ViSible =183 Maowell Circuit Elemerts

ﬂj Dedicated Elements
ﬂj Passive Elements

- Press Esc to exit component insertion =
----- &%) 1DC: DC Cumert Source

- Double click on the component to modify its properties R e Ot Sucs
. Set Va to 100 V 8 1o oasnc Moo S
----- &5 15in: Sinusoidal Cument Source
----- VDC: DC Voltage Source
. Set VFreq to 50 Hz ----- % VExp: Exponential Voltage Source
----- @ VPulge: Pulse Voltage Source
----- @ VPWL: Piecewise Linear Voltage Source

- Similarly add another source VSin F
* SetVato1l0V

. Farameter Values ] Property Displays ] Parameter Values ] Property Displays ]
Set VF req to 1000 H Z * Value (" Statistics {+ Value (" Statistics
Name | Walue | Unit | Evaluated Yalue Name | Value | Unit | Evaluated Value
Name MName
[ i y oy i 2 y oy
| |va 100 v 100V | [|v= 10 v Tov
| vFrea 50 50 | vFreq 1000 1000
T T T B T T
| |or 0 0 | o 0 0
N Phase ] deg Odeg N Phase 1] deg Odeg
| |aF 0 0 | [aF 0 0
:Type TIME | Type TIME
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Create External Circuit

T [ =@ Probes
 Add Other Components = s e
""" B Cap: Capacitor ¢ |4 Voltmeter: Violtmeter
. . . R N ¥ DIODE: Diode - . )
- Similarly add Passive Elements > Res: Resistor R e Dot Mo O L o Yotmeter it Cre P
""" R ctance : u (L) Voltmeter
* Change the value of R to 25 ohm ot || - % o v Votmetss
""" = s::v_lm:n y - 'LCHE” g5 |Pulse: Puls
- Add Probes > Voltmeter e = |k @ PWLPeci[
. Build Circuit B e o | % S e
..... K Transform! r N 2INUS0
ul Ircul Eﬁi% Frbes V1 N {& VDC: DC Vi
- Select the menu item Draw = Ground to add ground “@eered I} L B VEe Beo

- Connect the component as shown in image

Draw | Schematic  Mawwell Circuit Tools
Primitive ]
Note: Circuit will provide a 10V 1KHz sinusoidal source superimposed on 1 Ground Cirl+ G
100V - 50Hz Sine wave
T -
I5ahm Lwvinding_A

™y oov i
@ LabellD="+2
+
<V> LabellD=Ioltmeter?

T 104
LabellD=v5

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Transfer Circuit to Maxwell

* Save File m Tools  Window
- Select the menu item File 2 Save Browse Netlist
* Export Circuit Export Netlist
- Select the menu item Maxwell Circuit = Export Netlist
» Save the file with the name WS_3_2 Circuit.sph [ it Extermal ircui e
« Import circuit in Maxwell Winding Information | Available Inductors | Source Type |
_ Return tO Maxwe" WindOW Below is a list of the extemally connected windings you have setup in your model.
- In Edit External Circuit window, e [t — ot bductor ome
* Select Cancel
 Select the tab Import Circuit
* Browse to file WS_3 2 Circuit.sph
 Select the file and press OK
Create Circu import Circut Netlst... |
ok | cancel |
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Analyze

* Run Solution
- Solution setup is already copied from original design
- Select RMB on Setup1 - Analyze

Note: When an external circuit is defined, the time step is controlled from the circuit simulator. The time step values
are calculated based on circuit transients and occurrences such as switching instances. Due to variable time steps
resulting from circuit, Maxwell can miss the Save Fields points if defined in Solution Setup. Thus fields on the next
time step occurring after the missed point will be saved

Users can set the minimum time step size used for circuit simulator from Maxwell 3D = Excitations = External
Circuit = Set Minimum Time Step.
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Plot Voltage and Current

* Plot the Voltage and Current

- Plots from previous design will still be there. But Voltage plot has no reference since Input voltage is not applied
but received from circuit

- Double click on the plot from Project manager tree
* Change Category to NodeVoltage
* Quantity: NodeVoltage
» Select Apply Trace

XY Plot 1 BE_Trans_Circuit XY Plot 2 BE_Trans_Circuit
5.00 Curve Info 125.00 Curve Info
T —_— Current(Winding_A] T —— NodeVoltage(Voltmeter7)
i Setup1 : Transient | Setup1 : Transient
250 — 62.50 —
- E i
= S 4
< ] 3 ]
g 1 E 1
P urrent : o] ode Voltage
@
5 B B -
3 A 3 |
o
a = m
-2.50 — -62.50 —
50— F—F—F——F——"——F——T——T—T————— T -125.00 L B e e . o e e e L e B e T L e e B e
0.00 250 5.00 750 10.00 1250 15.00 17.50 20.00 0 250 5.00 7.50 10.00 12.50 15.00 17.50 20.00
Time [ms] Time [ms]
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Saving the Project

* This completes the workshop

e Save the file with the name Workshop_3_2 in the working folder
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End of Pre




