


Enuntul lucrarii

* Sa se modeleze si analizeze o diferite tipuri
de tesuturi in proximitatea antenelor de tip
patch pentru a observa influenta reciproca
dintre acestea



Enuntul lucrarii

Er Conductivity [S/ml]|
Frequency 2GHz | 2.4GHz | 2GHz 2.4 GHz
Blood 60.50 60.12 18.01 17.01
Bone 20.86 20.63 4.75 4.83 Conductivity (S m™') Relative permitivity
. - — - Frequency
Heart 57.08 56.43 15.75 15.07 (Hz) Skin Bone Brain Skin Bone Brain
3 EE =4 =4
Kidney 55.03 54.27 17.45 16.47 100 x 105 750 % 10~2 200 x 10~2 150 x 10-!  2.00 x 10" 250 x 10*2  2.50 x 10*3
Liver 44.91 44.42 11.46 11.16 1.00 x 10* 2,70 x 10! 250 x 1072 2.00 x 10! 2.00 x 10+3 1.80 x 10*2  9.00 x 10+
Muscle 54.44 54.16 11.69 11,29 1.00 x 1077 4.00 x 107! 4,00 x 1072 290 x 107! 2.00 x 10%2 3.50 x 10*! 3.00 x 10%?
+7 -1 =2 4 -1 42 +1 +2
Dry skin 38.53 38.03 1141 10.82 3.00 x 10 4.20 x 10 5.50 x 10 : 4.50 x 10 1.30 x 10 2.50 x 10 2.00 x 10 :
5.00 x 107 4.50 x 10~! 5.80 x 1072 5.50 x 107! 9.00 x 10*! 2.00 x 10*! 1.50 x 10*2
Small intestine 56.66 56.03 24.04 21.94

https://www.researchgate.net/publication/26331826 The_det

ection_of _brain_ischaemia_in_rats_by inductive_phase_shift_

spectroscopy/figures?lo=1&utm_source=google&utm_medium
https://www.researchgate.net/publication/231698147 E =organic
valuation_of electromagnetic_dosimetry of wireless_sy
stems_in_complex_indoor_scenarios_with_human_body

_interaction/figures?lo=1



Obiectivele lucrarii

 Modelarea unei antene horn piramidale

* Determinarea castigului ca polar plot

* Determinarea radiatiei rE ca polar plot

* Reprezentarea parametrilor S

e Determinarea distributiei de camp electric pe planul XZ

* Determinarea distributiei de camp magnetic pe planul XZ
* Reprezentarea radiatiei

* Reprezentare SAR



Crearea unei componente 3D din antena circulara de tip

de mai jos

«} Pan @), rit Al N ]
‘}- Rotate = '.:'\ Fit Selected 8
- Orient = @

tomation

Draw Modeler
.\ Line

- "% Spline

' Arc >
Equation Based Curve

Rectangle

R

patch modelata anterior
* Se selecteaza tot modelul in afara de regiune si se va accesa comanda

Ellipse

Circle

Regular Polygon
Equation Based Surface

Box

Cylinder

Reqular Polyhedron
Cone

Sphere

Tarus

6 [(DEEN=E=y=] ;"OOOD U

Helix
Spira
Bondwire

7

Sweep >

User Defined Primitive >
User Defined Model >
3D Component Library >

& Plane
= Ppint

Browse...

Create 3D Component...
Insert Instance

h r

Tz Farmer . Viake Independent

Replace with 3D Component...
Region

Definitions...

==

ﬁ Create 3D Component

Mame: ‘HFSSDesigrﬂ

Owner: ‘

Email: \

Company: |

Company URL:

|
Model Number: ‘
|

Help URL:

Version ‘1 0

Date: ‘SZQ:EQAM Apr 21,2022
Motes

| Display image in 3D modeler window whenever this component is used

[ Eee |

I export File X
Savein | = Lab12 ~] cf Bv
‘ Name - Date modified Type Size
I\amena patch circulara 4/21/2022 831 AM ANSYS Electronics 49 KB
Quick access
Desktop
m
Libraries
THI;PC
Neb;mvk
File name: ~]| Save
Save as type: [3D ComponentFiles (*:a3dcomp) ~| Cancel
FersonalLib UserLib

Info | Model ] Boundaries ] Excitations ] Hybrid Regions ] Circuit Elements ]

Mesh ] Coordinate Systems J

Parameters ] Encryption ] Licensing ] Image ]

Cancel




Implementarea modelului pentru modelare numerica

* Se deschide Ansys Electronics Desktop

* Se va alege sa se modeleze un proiect HFSS

&

HFSS

w

g HFSS
|+.l HFSS 3D Layout

ﬁ AMNSYS Electronics Desktop 2020 R1 - Project
File Edit View Project Tools Window Help
—":'( H ‘a —l“\ E'_HSaveArchive & Cut =) Undo # @

! |2J' Restore Archive 3 Copy (¥ Redo
HFSS Q3D Circuit |
-

-

) @

|
New  Open

Open Save  Save Close
w Examples As
Desktop View Simulation Automation

Project Manager

B3 Def 14

1) W

L~

Properties

MName |\.'

1 x I
Paste Ctrl+V

Rename F2
Delete Project Permanently from Disk Delete

Insert > &
+
Clase %
Save Ctrl+S -
Save As... .
&
Analyze All i
Submit Job... o)
Project Variables... ]|
Project Datasets... &

Convert All Designs to Full Access
Convert All Designs to Read Only

T Paste X Delete

Insert HESS Design

Insert HFSS 3D Layout Design
Insert Q3D Extractor Design
Insert 2D Extractor Design
Insert Circuit Design

Insert Circuit Netlist

Insert Maxwell 3D Design
Insert Maxwell 2D Design
Insert RMxprt Design

Insert Maxwell Circuit Design
Insert Simplorer Design
Insert lcepak Design

Insert Documentation File...




Implementarea modelului pentru modelare numerica

* Vom alege unitatea de masura pentru model din Modeler ->Units...

4, set Model Units

Selectunits: |

[ Rescale ta new units

(0] Cancel |

X

Vom alege tipul solutiei din HFSS->Solution Type

Solution Types

i Modal
® Terminal

i Transient

Driven Options

(& MNetwark Analysis

[ Auto-Open Begion

[ Sawve as default

oK

Solution Type: Project1 - HFS5Design

(" Eigenmode
(" Characteristic Mode
( SBR+

(" Composite Excitation

Cancel




Inserarea modelului antenei salvat ca si componenta 3D

* Alegand din meniul Draw->3D Component Library optiunea Browse,
se va alege antena care deja este salvata in acest format

[ Insert 3D Component X
| Name | Value | Units | Evaluated Walue Description
[ Browse 3D Companent X
Lookin: | | Labi2 -] o B
i Name - Date modified Type

s I\antena patch circulara 4/21/2022 831 AM ANSYS Elec

HICKBECESS N patch circular cu aer 4/21/2022 8:40 AM ANSYS Elec

Desktop

m
Libraries
This PC

Network

< > Image | Info

File name |patch circular cu aer ﬂ Open Parameters |mage Info
Files oftype |3D ComponentFiles (*.a3dcomp) j Cancel W

Target Coordinate -

b . ) Model is positioned such that the reference coordinate system in the model is
Personali ysertd Syeti aligned with specified coordinate system in the target design.

oK | Cancel




Influenta antenei dupa adaugarea

tesuturilor
e el
relativa
Piele 0.42
Tesut adipos 25 0.055 1
Muschi 200 0.45 2.8

Straturile de tesut:
-piele

-tesut adipos
-muschi




Implementarea stratului de piele

 Desenam un box, care va reprezenta pielea dupa cum urmeaza:

Properties; Project3 - HFSSDesign2 - Modeler X

Command

Name WValue ‘ Unit ‘Evaluated V. Description

Command |CreateBox

Coordinate ... |Global

Position 545032 cm 5cm, -4.5cm...
| |xSize 10 cm  -10em
_YSize 9 cm 9cm
- |ZSize 02 cm  0.2cm

[+ Show Hidden

OK | Cancel




Implementarea stratului de piele-modificarea

materialului si a caracteristicilor

* Vom creea un nou material (cand zicem sa alegem materialul, vom da
click pe Add Material si vom introduce caracteristicile pielii)

[, view / Edit Material X

Material MName

|Pie|e|
Properties of the Material YWiewfEdit Material for
MName Type Walue Units (& Active Design
Simple
Felative Permeahility Simple 1 (" Active Project
Bulk. Conductivity Simpla 0.4z siemens/mi
Dielectric Loss Tangent Simple 0 " All Properties
M agnetic Loss Tangent Simple 1] Physics:
4 agnetic Saturation Simple a tesla o
Lande & Factor Simple 2
Delta H Simple 0 A_per_meter ™
- Measured Frequency Simple 9 4e+09 Hz
Mazsz Dengity Simple 0 ka/m™3 [
YWiewfEdit Modifier for
[ Thermal kadifier
| Spatisl Modifier

Material Appearance

[ Use hdaterial Appearance

MNotes

SetFreguency Depandency... ‘ |Calcu|atePropertiesfor: J

Reset ‘ Ok, | Cancel ‘

“alidate Material




Implementarea stratului adipos

 Desenam un box, care va reprezenta tesutul adipos dupa cum urmeaza:

Properties: Project3 - HFSSDesign2 - Modeler bt

Command

Mame Walue | Unit |Eva|uated V.. Description

Command CreateBox

Coordinate ... | Global

| |Position 5 -45 052 cm  5cm ., -4.5cm..
- |xsize 10 cm  -10cm
_YSize 9 Cm Scm
_ZSize 1 cm Tlcm

[w Show Hidden

0K Cancel




Implementarea stratului adipos - modificarea

materialulul si a caracteristicilor
* Vom creea un nou material cu caracteristicile tesutului adipos

[, view / Edit Material X

Material Name
|Tesut adipos

Properties of the Material YWiew/Edit Material for
Mame Tupe Walue Uitz (® Active Design
Fielative Permittivity Simple 25
Relative Permeahility Simple 1 (" Active Project
Bulk. Conductivity Simple 0.055 siemens/m } E
Dielectric Loss Tangent Simpla 1] (" All Properties ;
M agnetic Loss Tangent Simple 1] Physics:
aturatioh S 3 [ E
: [ h
Lande G Factor Simple 2 yd
DeltaH Simple 1] A_per_meter [~ n
- Measured Frequency Simple 9.4e+03 Hz B ‘
Masz Density Simple i} kadm™3 [
wiew/Edit Modifier for |
[ Thermal tModifier
[ Spatial Modifier

w

Material Appearance

w

[ Use Material Appearance

MNotes

Set Freguency Dependency. | |Calcu|atePerertiesfor: J

Reset ‘ 0K | Cancel |

“alidate Material

T




Implementarea muschiului

* Desenam un box, care va reprezenta muschiul dupa cum urmeaza:

Properties: Projectd4 - HFSS5Design1 - Modeler

Command

Mame Value Unit |Evaluated V... Description

Command CreateBox

Coordinate ... Global

Fosition 545152 cm Scm ., -45cm..
[ [xsize 10 em  -10cm
[ YSize 9 cm 9cm
" |zSize 28 em  28cm

[+ Show Hidden

OK Cancel Apply




Implementarea muschiului- modificarea

materialului si a caracteristicilor
 Vom creea un nou material cu caracteristicile muschiului

4, view / Edit Material X

Material Mame
|M|usc:hi

Properies of the Material Wiew/Edit Material for

(o Actve Design

Ve iy Simple

Relative Permeahility Simple 1 (" Active Project
N Bulk Conductivity Simple 0.45 siemenz./m
N Dielectric Loss Tangent Simple i} " All Properties k
: Magnetic Loz Tangent Simple 0 Physics:
- M agretic Saturation Simple i} tesla l_

Lande G Factar Simple 2
N Delta H Simple i} A_per_meter H

- Measzured Frequency Simple 9.4e+09 Hz
 [Mass Density Simple ] kg/m™3 [

Yiew/Edit Modifier for

[ Thermal hMaditier
[ Spatial Modifier

Material Appearance

[ Use taterial Appearance

Motes

Set Frequency Dependency. | |Calc:u|atePereniestr: J

Feset | 0K | Cancel |

“Walidate Material




Crearea unei regiuni

Se va selecta o conditie de frontiera de tip Radiation pe

regiunea definita Assign Boundary ->Radiation
ﬁ Region X

Padding Data: (& Pad all directions similarly Radiation Boundary
(" Pad individual directions

(" Transverse padding

Direction Padding type Value |Units
All Percentage Offset 30

| Save as default

oK Cancel |

0] Cancel




Setarea parametrilor care se doresc a fi determinati in cadrul

lucrarii

 Se vor impune setarile de rulare/rezolvare/solutionare

Driven Solution Setup x
General IOpﬁons\ Ad d | Hybrid | Expression Cache | Derivati Defaults

Setup Name Setupl

[ Enabled [ Solve Ports Only

Adaplive Solutions

Solution Frequency: @ Single (" Multi-Frequencies (™ Broadband

Frequency [35 ez ~]
Maximum Number of Passes 5
1

(8 Maximum Delta S

(" Use Matrix Convergence

Use Defaults

HPC and Analysis Options

Edit Frequency Sweep

General ]Defaults]

Sweep Name: |Sweep [+ Enabled
Sweep Type: -
Frequency Sweeps [401 points defined]
Distribution Start End
W Linear Count 1GHz 5GHz Points 401
Add Above | Add Below | | Preview ... |
3D Fields Save Options . . .
Time Domain Calculation...
[v Save Fields
[ Save radiated fields only
n Generate fields at solve time
(All Frequencies)
oK | Cancel

e Se vor rula numeric problema modelata

Setup

2 Auto
& Advanced

Validation Check: cablucoax2 - HFSSDesign1

¢ HFSSDesignl

“alidation Check completed

| Close

« Design Settings

« 30 Model

o Boundaries and Excitations
o Mesh Operations

o Analysis Setup

<« Optimetrics

' Radiation

Validate .

%

Analyze
All



Atribuirea surselor si a conditiilor de frontiera
Crearea setarilor pentru determinarea parametrilor
pentru camp apropiat/indepartat

Far Field Radiation Sphere Setup *

Infinite Sphere | Coordinate System | Radiation Surface
MName Ilnﬁnite Spherel
----- T Field Overlays I -l LreateBox ~Phi
|_| - AN LTl NINN .l
2% E & Paste Ctrl+V Start o |deg =]
-2 Definiti
Insert Far Field Setup > Infinite Sphere... Stop B0 |deg ~]
e Insert Near Field Setup > Antenna Parameter Overlay... StepSize |2 [deg ~|
Antenna Array Setup... Source Group...
— Theta
Start Iﬂ' Ideg LI
Stop |18ﬂ Ideg LI
Step Size IZ Ideg LI
Save As Defaults | View Sweep Points. . |

0K I Cancel | Help |




dB(St(Port1_T1,Port1_T1))

Culegerea, interpretarea si postprocesarea rezultatelor
Reprezentarea parametrilor S a antenei fara tesuturi(din lab8)

Terminal S Parameter Plot 1 HFSSDesign1 ANSYS
0.00 | | Curve Info
i — dB(St{Port1_T1,Port1 _T1))
| Setup1 : Sweep
4 1
1
-5.00 i
T 1
1
1
!
i |
-10.00 — |
] |
1
1
] !
]
-15.00 — |
] !
!
-20.00 — |
T 1
1
1
] !
i |
_25.00 i
] <, -26.38 |
—SD_UU T T T T | T T T T I T T T T | T T T T | T T T T I T T T T | T T T T I T T T T
1.00 1.50 2.00 2.50 3.00 3.50 i 4.00 450 5.00
1

Freq [GHZz]

I

w‘s Ce se intampla cu parametrii S daca vom modifica raza patchului ca aceasta sa fie 1.40 cm, respectiv 1.55 cm




Culegerea, interpretarea si postprocesarea rezultatelor

Reprezentarea parametrilor S cu tesuturi

Terminal S Parameter Plot 1

HFSSDesign1 ANSYS

-3.50

&
=]
=]

|

; _
w
=]

|

o o
i =
=] =]

| |

e

=

=]
|

dB(St(HFSSDesign1_1_Port1_T1HFSSDesign1_1_Port1_T1))
Ié_) [}
[43]
=
|

Setup1 : Sweep

Curve Info

— dB(St(HFSSDesign1_1_Port1 T1,HFSSDesign1_1_Port1_T1))

-7.00
1.00

T T T T T T T T T T I T T T T T T T T T I T T T T I
1.50 2.00 250 3.00 3.50 4.00

Freq [GHz]

&
13 S-a modificat ceva?

5.00



HFSS Tools Window Help
Solution Type...

List...

Validation Check...
Analyze All

Submit Job...

B Edit Notes...

Toolkit

PhE

3D Model Editor
Set Object Temperature.
Design Settings.

Model

Boundaries
Excitations

Hybrid

Mesh

Analysis Setup
Optimetrics Analysis
Fields

Radiation

Results

Boundary Display (Solver View)

Design Properties...
Design Datasets...

LUICYCICq, INerpretarca 91 posiprocesdarleca recuitatelor
Reprezentarea castigului sub forma de polar plot pentru
antena fara tesuturi(Lab8)

v v ovov v v v

I, Fit All H

), Fit Selected

Animate| Copy
Image

Antenna Params Plol

005 #

Create Modal Solution Data Report >

Create Fields Report >
Create Emission Test Report >
Create Far Fields Report >
Create Antenna Parameters Report >

Create Report From File.
[ Delete All Reports
Report Templates >

User Defined Solutions...
Create User Defined Solution >

Rectangular Plot
Rectangular Stacked Plot
Radiation Pattern

Data Table

3D Rectangular Plot

3D Polar Plot

3D Spherical Plot
Rectangular Contour Plot

Max: 6.9

— Context

Trace |Fam|l|es |

’_ Report: yagi uda planara - HFS5Design1 - New Report - New Trace(s)

Solution: ISetupl:LastAdaptlve 'I
[0, 103 "Bl Tnfinite Sphere2 hd

Primary Sweep:

[phi [

Secondary Sweep: ITthH LI IA”

Phi: [ Default IPhi

Theta: [« Default ITheta

Mag: IGamTota\

Category:

Variables

Qutput Variables

System Gain

rE

Directivity
Realized Gain
Polarization Ratio
Axial Ratio
Design

[~ Update Report

|7 Real time Update ¥

Quantity: 'I

Total
GainPhi
GainTheta
Gainx
GainY
GainZ
GainLHCP
GainRHCP
GainL3x
Gainl3Y

G

Function:

abs

acos

acosh
ang_deg
ang_deg_val
ang_rad

asin

asinh

atan

atanh

cos

cosh
cum_integ v

< >

i,

5.0
23
0.0
l 2.5
5.0
1.5
-10.0
-12.5

Min: -12.1

Output Variables... | Options... |

New Report I Apply Trace | Add Trace |

Close |

Gain Plot 1

dB(GainTotal)
[

120

dB(GainTotal)



Culegerea, interpretarea si postprocesarea rezultatelor
Reprezentarea castigului sub forma de polar plot cu tesuturi

017
I GainTotal
i e fibeta (deg)

0.18 GainTotal /

120

% S-a modificat ceva? Reprezentati si pe antena direct




dB(GainTotal)

Culegerea, interpretarea si postprocesarea rezultatelor

Reprezentarea castigului 2D pentru antenna fara tesuturi
(Lab8)

Gain Plot 5 HFSSDesign1 ANSYS
7.50 i Curve Info
— dB(GainTotal)
E Setupl : LastAdaptive
5.00 Freq="3.5GHz' Phi="0deg'
q — dB(GainTotal)
] Setupl : LastAdaptive
250 Freq='3.5GHz' Phi="90deg’
0.00 —
-250
-5.00
-7.50 7]
-10.00 —
~1250 . . . . | . . . . | . . . . | . . . . I . . . . | . . . . I . . . . I . . . .
-100.00 -75.00 -50.00 -25.00 0.00 25.00 50.00 75.00 100.00

Theta [deq]



dB(GainTotal)

Culegerea, interpretarea si postprocesarea rezultatelor
Reprezentarea castigului 2D pentru antenna cu tesuturi

HFSSDesign1 ANSYS

Gain Plot 3
-5.00 | Curve Info
— dB(GainTotal)
Setup1 : LastAdaptive
e Freq="3.5GHz' Phi="0deg'
-10.00 — —— dB(GainTotal)
l Setup1 : LastAdaptive
Freq='3.5GHz' Phi="90deg’
-15.00 —
-20.00
-25.00
-30.00
-35.00 -——— 7 —————————T— T | | ———
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00

Theta [deg]



Culegerea, interpretarea si postprocesarea rezultatelor
Reprezentati distributia de camp electric in planul XZ

E@ Planes

* Alegem planul din Planes, apoi click dreapta pe planul de = Globalxy

. ez Global:XZ

lucru Plot Fields->E->Mag E = Giobalvz

E Field [V/m]

100.0000
l 93.3350
86.6701

80.0031
73.3401
66.6722
60.0102
33.3452
46.6803
40.0153
33.3503
26.6854

20.0204
13.3554
6.6903
0.0233




Culegerea, interpretarea si postprocesarea rezultatelor
Reprezentati distributia de camp magnetic in planul XZ

H Field
[A/m]

1.0000
l 0.9333
0.8667

0.8000
0.7333
0.6667
0.6000
0.5333
0.4667
0.4000
0.3333
0.2667

0.2000
0.1333
0.0667
0.0000

@
W\; Reprezentati campul electric/magnetic si in celelalte planuri




Culegerea, interpretarea si postprocesarea rezultatelor
Reprezentati SAR in cele 3 tesuturi

SAR Field
[Wikg]
0.0100
L]
* Plot Fields->Oth >L | SAR
- -
ot rlelds er OCd
0.0080
0.0073
SAR Field 0.0067
[Wikg] 0.0060
e.o10 0.0053
0.0093 [ 0.0047
0.0087 0.0040
0.0080
0.0033
0.0073 0.0027
0.0067 0.0020
0.0060 0.0013
0.0053 0.0007
0.0047 0.0000
0.0040
0.0033
0.0027 R Field
0.0020 Tkg]
0.0013 0.0100
0.0007 0.0093 ]
0-0000 00087 [
0.0080 \
0.0073
0.0067

0.0060
0.0053
0.0047
0.0040
0.0033
0.0027
0.0020
0.0013
0.0007
0.0000




&
15 Aplicatii

* Reprezentati si meshul modelului
* Reprezentati si directivitatea antenei in prezenta tesuturilor
* Valorile SAR raman la fel daca nu exista stratul de muschi?

Tema Modificati distanta dintre tesuturi si antena. Trageti concluzii cu privire la ce se intampla cu
parametrii analizati anterior
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