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REIREIEE

- R

Open
Loak it ‘ = A0 d EF B~ Type: Ansoft HFSS 17 File
_9 Dcircular_horn hfssresults wheircular_horn_v12 hfss Designs (1}:
M; == Sicircular_horn_v12 hfssresults  @circular_patch Hfss 8 Circularw_antenna_anky1 ~
Documents |2 circular_patch hfssresults Ddipole hfss
L:} Odipole hfssresults @pifa_shorting_pin.hfss
Dpifa_shorting_pin hfssresults @ pifa_shorting_plate hfss
Desktop Dpifa_shorting_plate hfssresults. @planar_dipole hfss Q
Dplanar_dipole hfssresults @planar_pifahfss
Dplanar_pifa hfssresults @pyramidal_horn hfas
My Documents |2 pyramidal_horn hfssresults @rectangular_horm.hfss
Srectangular_horn hfesresulls  @rectangular_patch.hfss 5}
<8 Orectangular_patch.hfssresults
o i Dcircular_hormn hfss
" J £ > Image |Motes
i . - Solved: Mo
MyPPIJaeCt;\;ork File mame: |c||cu|ar_hnm_v1 2 hfss j Open |
Files of lype: | Ansoft HFSS Project Files [ hfss) -] Cancel

p ey 4% N ew B ' Keyhoard Shortuts S
¢ m E Ex%ﬁmﬁ% Select Command:
Catagories:
Window Help 30 Modeler & |Animat

| Edit Configured Libraries L

Configure Libraries...

Coloricey Visibility
ComplexMag_E
Complexhlag H
ComnplaxMay_Jsurl
Mesh Uperabions ComplexMag ol
Dptimetrics Dedate Flat

T JEdil Sources

Run Script ...

Record Script To File ...

Record Script to Project ...

Update Definitions... Use new shortout in: Press new shortout key:
Password Manager... Gloal | [levtestiftec

Options 4
Keyboard Shortcuts... —
N Savefl ond
Customize... = =1
S, Load... Resel 1o Defaull

External Tools...

[ Show Queued Simulations UK Cancel
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2DV
Line, Spline, Arc, Equation Based Curve,
Rectangle, Ellipse, Circle, Regular Polygon,

Equation Based Surface

3D Pzl

Box, Cylinder, Regular Polyhedron, Cone,
Sphere, Torus, Helix, Spiral, Bond Wire

R PEE T B N = B I A= e o I B T P A S ! R | o & ||wy
—

A 7
Y Y

TE#= : 2D ¥R TE#= : 3D ¥R

© 2011 ANSYS, Inc. All rights reserved. 4 ANSYS, Inc. Proprietary



IR —RIRME, RBE

* Modeler > Boolean >
— Unite — combine multiple primitives
* Unite disjoint objects (Separate Bodies to sep
— Subtract — remove part of a primitive from anothe

arate)
-

— Intersect— keep only the parts of primitives that overlap
—  Split — break primitives into multiple parts along a plane (XY, YZ, X2Z)
— Split Crossing Objects — splits objects along a plane (XY, YZ, XZ) only where they intersect

— Separate Bodies — separates objects which are u

nited but not physically connected into individual objects

oL 4 1 | «<— Toolbar: Boolean

e Modeler > Surfaces > Move Faces — Resize or Repos

* Edit > Arrange >
- Move — Translates the structure along a vector

ition an objects face along a normal or vector.

- Rotate — Rotates the shape around a coordinate axis by an angle
—  Mirror — Mirrors the shape around a specified plane

— Offset — Performs a uniform scale in x, y, and z.

o0 Oe Ak

<4— Toolbar: Arrange

 Edit > Duplicate >

— Along Line — Create multiple copies of an object along a vector
— Around Axis — Create multiple copies of an object rotated by a fixed angle around the x, y, or z axis
— Mirror - Mirrors the shape around a specified plane and creates a duplicate

* Edit > Scale — Allows non-uniform scaling in the x, y

, or zdirection

b o Ak

<«— Toolbar: Duplicate

© 2011 ANSYS, Inc. All rights reserved.
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e Polyline Cross Section New
— Choose Cross Section Type and Size

* Type: Line, Rectangle, Circle
e Size can be a variable

— Section is automatically swept along the polyline

© 2011 ANSYS, Inc. All rights reserved.

Properties
Name | Walue | Unit | Evaluated
Command CreatePobdine
Coordinate System  RelativeC52
Mumber of points
MNumber of curves |2
—Cross Section
Type Line
Orientation Auto
Width./Diameter 3 ‘nm 3mm
Bend Type Comer
Comman d |
6
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ElBfE

* Create Chamfers and Fillets on 3D or 2D Objects

— Select a vertex graphically and choose the menu item: Tala

* Fillet or Chamfer

Original

© 2011 ANSYS, Inc. All rights reserved.

Fillet Properties \_J .
X Fillet- Rounded edge
Fillet Radius: | 1 |mm ﬂ ¢
Setback distance: |D.5 |mm ﬂ
oK | Cancel | /
\ //_'_,
. P =

Chamfer Properties ‘

Chamfer - 45 degree cut

7 ANSYS, Inc. Proprietary



Imprint/Imprint Projection NANSYS

e Imprint New
— Projection
* Patch Antenna Array Imprinted on a Nosecone

— Results in Faces of original object imprinted
— Make sure that the distance selected is greater than the distance between the antenna and nosecone

Face created from
Imprint projection

Face created from
imprint

© 2011 ANSYS, Inc. All rights reserved. 8 ANSYS, Inc. Proprietary



* Geometry Wrap New
— Wrap a 2D sheet on an arbitrary geometry

Slot Coupled Patch Array wrapped on a cylinder

© 2011 ANSYS, Inc. All rights reserved. 9 ANSYS, Inc. Proprietary



Modeler - Selection

Select Object

Marme:
« Selection Type o C
Ground_
— Object (Default), Face., Edge. Vertex EEE::;:LD
» Selection Modes L1 -
— All Objects. All Visible Object, By Name |
 Highlight Selection Dynamically o | Coe |

— — By default, moving the mouse pointer over an object will dynamically highlight the
object for selection. To select the object simply click the left mouse button.

— Multiple Object Selection — Hold the CTRL key down to graphically select multiple
objects

— Next Behind — To select an object located behind another object, select the front
object, press the b key to get the next behind. Note: The mouse pointer must be
located such that the next behind object is under the mouse pointer.

— To Disable: Select the menu item Tools > Options > 3D Modeler Options
* From the Display Tab, uncheck Highlight selection dynamically

N

o
- =
e,
< X .

L N / Selected

Dynamically Highlighted ——>
(Only frame of object)

© 2011 ANSYS, Inc. All rights reserved. 10 ANSYS, Inc. Proprietary



 Enhanced Selection Options New

— Select By Area

e Click and drag to rubber-band select
— Right-to-left selects all objects in passing through bounding box
— Left-to-right select all objects enclosed by bounding box

— Select By Variable

» Helps find objects tied to variables
— Select Variable and Click OK to highlight geometry

Select By Area Filters

[ Material filters

i (e

| [

[ Object name filters

lzcids

I~ rcice |
[~ Object type filters

Include: [~ [ [+
-

Save As Default | oK | Cancel

© 2011 ANSYS, Inc. All rights reserved.

Select By Area

— By default, only items with external surfaces are seleCwcu

Material filters

— Enable the Include and Exclude radio buttons
Object name filters

— Enable the Exclude and Include check boxes
Object type filters

— Enable the check boxes for including Solids, Sheets,

and/or Lines

Hide unfiltered objects
— Makes unfiltered objects transparent after selection

11

ANSYS, Inc. Proprietary



Snap Mode

Snap To:

L 4 [v Grid

| [v “erex

A [+ Edge Center
L [w Face Center
h [v Cuadrant
<+ [ Arc Center

(0]4 | Cancel

Toolbar: Snap Mode

© 2011 ANSYS, Inc. All rights reserved.

.
i

Step 1: Start Point Step 2: Hold X key and select vertex point

Step 3: CTRL+Enter Keys set a local reference

Step 4: Hold Z key and set height

ANSYS, Inc. Proprietary



Modeler —- Measure

® Modeler > Measure >
— Position — Points and Distance

— Length — Edge Length B Measure Data n

— Area — Surface Area ot onen 2 5
Distance = 11, 1803533935875mm
- # Disk =2
— Volume — Object Volume " Ditanes — i

£ Distance = Omm
Angle(P20 - P10 = 158, 19859051 4deq

Close

© 2011 ANSYS, Inc. All rights reserved. 13 ANSYS, Inc. Proprietary



Modeler — Coordinate System |ANSYS

- Can be Parameterized =& Objects
« Working Coordinate System =& Box1
—  Currently selected CS. This can be a local or global CS @ CreateBox
* Global CS B CreateFaceCs
— The default fixed coordinate system --l#, Coordinate Systems
 Relative CS . _ +-B FaceCs1
— User defined local coordinate system. & Global
- Offset &, RelativeCs1
* Rotated &y B M. [ &— Toolbar: Coordinate System w
. Both +-4&% Planes
- Face CS (setting available to automatically switch to face coordinate system in the|* € Lists

Cone created with Face CS

Change Box Size and Cone is
automatically positioned with
Step 3: Set X-Axis New Working CS the top face of the box

© 2011 ANSYS, Inc. All rights reserved. 14 ANSYS, Inc. Proprietary



Modeler — Model Tree

« Select menu item Modeler > Group by Material

- &7 Objects - & Objects
+ !I”I‘}r_RIng <4— | Material -5 Conductorl
+-4% My_Teflon 3 CreateCylinder
- -4 pec i@ SectionTo
-1-&7 Conductorl <——|Object +-Ih Unite
[ CreateCylinder O I CloneTo
i SectionTo B CloneTo
+ 0L Unite B CloneTo
i ConeTo > | Object Command History v &7 Female
B! CloneTo +-¢% FemaleTeflon
B CloneTo +-¢7 MaleTeflon
-4 vacuum g +-&7 Ring
- 3 Sheets -3 Sheets

+- Wave Port +-O Vave Port

--lz, Coordinate Systems -I-lz, Coordinate Systems
@, Global @, Global

14 RelativeCs1 1 RelativeCsl
12 RelativeCs2 & RelativeCs2

12 RelativeCs3 = RelativeCs3

+ 4 Planes t % P_IE'”E'S
+- P Lists -9 Lists
Grouped by Material Object View

© 2011 ANSYS, Inc. All rights reserved. 16 ANSYS, Inc. Proprietary



« Parametric Technology
— Dynamic Edits - Change Dimensions
— Add Variables

* Project Variables (Global), Design Variables (Local), or Post Processing
Variables

* Animate Geometry
* Include Units — Default Unit is meters
— Supports mixed Units

Add Property @

Mame |I'|'|_'r'_tE$t {* ‘Variable { " Separatar " PostProcessingy anable
" Amrayindesh aniable

| =] =]

Walue |2 Becos(10%(pi180)+$global_var

Enter a number with units, wariable, or exprezsion inta the Yalue field. Beferenced project variables should be prefised with a '$". Examples: 22.4pF. $C1.
ERItal k

0k, Cancel

© 2011 ANSYS, Inc. All rights reserved. 17 ANSYS, Inc. Proprietary



Post-Processing Variables ANSYS

 Post Processing Variables New
— Can be modified without re-simulating the model
— Can optimize complex weights of antenna e ments in phased array

Scaling Factor Offzet Phaze ‘

[cos(F0deq)) “taper

[cos(50deq)) " taper 2 5*offset

[cos[30deq)) " taper 1.5%affset

[cos(10deq)) " taper 0.5*offset

[cos(10deqg]) " taper -0.5%offset

[cos(30deg)] “taper -1.5%affzet

[cos(S0deg)) “taper -2 5 offset

[cos(FOdeg)) “taper -3 5 offzet

Optimization of Phased Array Excitations
S 15 MName |Value| Unit -
Goalk | Vaisbles | General | Options | 10 taper 229
Optinizer: | GRT oifeet %12 |deg
5

=]

Max. Mo. of lterations:  |100
Cost Functior:
‘ Calculation | Calc. Context | Calc. Range | Cundition‘ Goal | Wieight

s
dB(DirTotal] YZ_cut Thetal22deg),Phil90dea) Freq(10GHz) ‘ >= 13 [ é 5
15idelobe{dB 1 Onarmalize(DirT otal)] vZ_cut Thetal-30deq,-88deq,... 90deg) Phi90deg] Freq(1 DGHz] <= [-24] ] é
[11]
T-10
-15
20
s - 25 N\
Setup Calculations.... ) -éD -Elﬂ -éD ID 3‘& EID 90
. | weigh. | Theta [deg]
Specify Desired Scan Angle and Synthesized Far-field Pattern

Maximum Sidelobe Level

© 2011 ANSYS, Inc. All rights reserved. 18 ANSYS, Inc. Proprietary



Analysis Options } Properties ]

[+ Perform Entity Check Emors. Check Level

[¥ Detect Holes. Maximum Radius

[¥ Detect Chamfers. Maximim Width

[+ Detect Blends. Maximum Radius

Detect Small Ertiies
[ Small Edges. Length Less Than | mm

[ Small Faces. &rea Less Than | mm”™

Pl

[ Sliver Faces
Sliver Face Width Less Than

¢ Object Bounding Bax
Scale Factor

¢ Sliver Edge Width | mm

OF. | Cancel ‘

Step 1: Enter Feature Detection Options

© 2011 ANSYS, Inc. All rights reserved.

Blends
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Automatic Feature Removal

Step 2: Select Features to Remove
D x|

Objects ]Objects Misalignment | Suface Mesh (Single/Pairs) | Last Simulation Mesh |

Name Last Analysis Staf Type | -

o

Radome |Features found Hole Feature  Face_1839

Hole Feature  Face_1840

Blend Feature | Face_1879.Face_1882 Face_1866 Face_1883
Blend Feature | Face_18%6 Face_1842 Face_1841 Face_1855
Blend Feature | Face_1847 Face_1844 Face 1843 Face_1848

Blend Feature  Face_1883

Blend Feature Face_1887

_Blend Festure |Face_1863 -
< | l{s] | ;H

™ Display Object Healing Log

Peform ¥ Delete
[ Auto zoom to zelection Cloze R
N emoved

Note: There are two modes of operation for the feature removal: Healing
and Model Analysis. Model Analysis was used here and allows the user to
manually select which geometry features are removed. For healing, all
features that meet the user defined criteria are automatically removed.
Both options are found in the menu item Modeler > Model Analysis

© 2011 ANSYS, Inc. All rights reserved. 20 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process

3D modeler Solid-modeling
considerations (1)

S0 41 25 R T B A

— small number of segments in circles and
cylinders

— omit details If possible
o BEHKIA B L
— maximum aspect ratio is 1:2500
— use 2D objects instead of thin structures
o [ SR AR A [H] S AT R/
— use symmetry whenever possible

— don’'t include too much air or
transmission line

« W4 Intersect Ytk

SN f

© 2011 ANSYS, Inc. All rights reserved. 21 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process
ANSYS

Solid-Modeling Considerations (2)

- Few segments around :
circles and cylinders | - |

. Thin metal patchis2p /-
object (aspectratio!) ../ )

- No overlapping objects - il
(inner conductor is two hﬁh_%ﬁ“h"\w
objects because it s ‘k
goes through two R o
dielectrics) SRR >

© 2011 ANSYS, Inc. All rights reserved. 22 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process

Solid-Modeling Considerations (3) ANSYS

e Some transmission line between
port and antenna (length line not

much smaller than cross section =~ /| T
port) T - |

. ll_n" ’ . “:{._::_:::::‘L_; | . ‘ . ‘l.,"flf l |
« Some air between antenna and -/ S T |

;. / P 'm___bi:‘_‘:—:-—_:_:_f’::—?‘, ’ {,"j _
. rd . ' Vi o | ) :_.'-_'.:"‘—--_ /
“Ff /)‘ -"::::-‘ : .’fl. T S—— ":‘::I. -"_)h_-if-“—__
H : . / / ; 7 - / "
radiation boundary  (A/4) YT AE S
‘ ‘ T e B - T
| E—j:- —_—. / : .-;::‘:‘- & — F_,'
DA S Y you
| e A
|/ S
- ']
l\ \ ;"(
¢ )y /
— :
— ) i
L ‘ y
/ — ;
— '
— ¥y
¥

© 2011 ANSYS, Inc. All rights reserved. 23 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process

Preconditioning Geometry NANSYS

 Use trace thickness only when needed (when edge coupling is
important or metal thickness < §)

Use thickness

Don’t use
thickness

© 2011 ANSYS, Inc. All rights reserved. 24 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process

Preconditioning Geometry

Last, but not least:

Always use symmetry b.c.
whenever possible to reduce
problem size

Perfect H

Use of periodic boundaries and/or symmetry planes whenever possible will
reduce problem size AND create constraints that help meshing

© 2011 ANSYS, Inc. All rights reserved. 25 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process

Sizing

 Avoid making geometry
larger than necessary

 Use symmetry planes when
possible

© 2011 ANSYS, Inc. All rights reserved. 26 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process

Sizing

Sometimes airbox can
be made very small--in
this case there is very
little reason to wrap
airbox around entire
structure

© 2011 ANSYS, Inc. All rights reserved. 27 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process

Virtual Objects

e Virtual Objects Are Dummy 2D or 3D Objects
that do not change the physics of the model (e.g.
an air object inside another air object).

e They Are Used to Assist in Getting a
Higher-Quality Mesh

© 2011 ANSYS, Inc. All rights reserved. 29 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process rvYt T
Virtual Objects And Mesh Aspect Ratio ‘M

 Field Simulator May Not be Able to Generate a Useful Finite
Element Mesh For Projects Containing Geometric Objects
Whose Dimensions Differ by More Than Three Orders of
Magnitude

« Monopole on a Groundplane:
- f=5.9 GHz
r =1 mil
lmonopole = 500 Ml
| = 1000 mil

monopole

radbox

Radiation Surface/Monopole
Facet Aspect Ratio is Greater
Than 1000:1

© 2011 ANSYS, Inc. All rights reserved. ' - ry




HFSS Modeler: Pre-Process .
Inclusion of a Virtual Object Compensates \I\NSYS
For High Aspect Ratio

Use The Plot/Mesh
Feature in the Fields
Post Processor

© 2011 ANSYS, Inc. All rights reserved.



HFSS Modeler: Pre-Process

Inclusion of a Virtual Object Compensates \I\NSYS
For High Aspect Ratio e

© 2011 ANSYS, Inc. All rights reserved. 32 ANSYS, Inc. Proprietary



HFSS Modeler: Pre-Process -
Volume Mesh Comparison With and Without \I\NSYS |
Virtual Object

Without Virtual With Virtual
Object Object

Tetrahedrons are like pins Mesh is somewhat better

© 2011 ANSYS, Inc. All rights reserved. ANSYS, Inc. Proprietary



Overlapping Geometry

« EX.
— When an object occupies volume in multiple 3D objects., This
does not apply to sheet objects

- BRTIE:
— Set Material Override
 Menu item: HFSS > Design Settings

Design Settings [E5m]
Set Material Overide |
This option allows some intersections to be resolved automatically in the mesh.

ff metal intersects dielectric, the metal will overide the dielectric in the region of ovedap.

If objects with the same materal intersect, the smaller object will overide the larger. All
other intersections wil be treated as emors.

Mote that dielectrics contained within metals will be completely ovemidden.

|+ Enable material overide

| Save as default

QK | Cancel

(Overlap between two cylinders)

© 2011 ANSYS, Inc. All rights reserved. 34 ANSYS, Inc. Proprietary
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