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VE3KL Presentation
ANEC?2
Antenna Simulator by Arie Voors

Based on the NEC2/4 Fortran Kernel
Uses the classic Method of Moments
Models radiating wires, loads, ground, sources....... more
Four Editors with extensive Math capabilities

Smith Charts

Optimizer

Extremely powerful graphics capabilities

Free, users forum, updated frequently




Spherical Coordinate System

{ 7 — Rx Antenna

Elevation angle =90 -0

Tx Antenna ~. ) Y

XY Horizontal Plane
Z Vertical axis

@ is the horizontal azimuth angle
O is the angle measured from vertical
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Method of Moments

A discrete numerical method

Divide wires into many segments...25 per wavelength
Apply Coulomb’s Law and match boundary conditions
Solve large matricies

EE Students usually solve the 3D Capacitor Problem
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3D Capacitor Example

Divide plates into 14 segments
Assume each plate has a point charge, pi...not equal

Apply a voltage V across the plates
Write Coulombs Law for each charge > 14 by 14 Matrix

Solve for charge by matrix inversion

SV
S S S

pl>p2 .. Charge piles up at edges
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ANEC?2
Super Graphics

Helix Antenna
Vertically Oriented
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50 MHz OMNI
Source Side
Along X Axis

Right Hand Circular
Polarization
Shown
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3D VE3XK 50 MHz Stack

o viewer (F9) [ YE3XK_OMNI_STACK _6M.out ]

=101 x|
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<Joom 5|
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50 MHz OMNI
Source Side
Along X Axis

Total Gain
Shown
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2D VE3XK 50 MHz Stack

G viewer (F9) [ VE3XK_OMNI_STACK 6M.out ]

Theta Phi

57 s

¥ ARRAL style

Magnituc ¥

~ Quality

‘I ID'
FPS Tn's

[52 [2314" |
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ANEC2
3D Near Field
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ANEC?2
Advanced Far Field Map

%) 4nec2 antenna modeler and optimizer - Mozilla Firefox |gll<]

File Edit View History. Bookmarks Tools Help

Google

ug b b c X G IICT |http:!,l'home.ict.nl,f~arivoorsf

il [@F

|21 Most Visited

!! gnuplot graph . | -‘g ‘ X]

IYAGI20 | Tot-gain

High Gain

Phi=21.02, Theta=-0.19 (P
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ANEC2

Far Field Traditional Plot

¥) 4nec2 antenna modeler and optimizer - Mozilla Firefox '

File gﬂ},giew History  Bookmarks Tools Help
_'t.v ¥ C X & |ICT|http:.l’.fhome.ict. v I' Googl SO

Several Vl ews |2 Most Visited

) ) %8 Pattern  (F4) i ‘._I_El_]ﬁ
 Vertical, Horizontal, Total Show Earfield 1ic= (=7 Compare Plot

Hor-gain [dBi] PnZ Vertical plane
105 75
. . . 14.2 Mh: 120

« Circular Polarization i

RHC, LHC, Total

1/28/2017

165

180

16!

13

IrAGI20.out
Azi.=0

-75

60

993 < dBi< 121
Max gain Ele: 20
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ANEC2
Several Views of Frequency Response

EE Imp. / SWR / Gain [F5) . N [=] B3
Show  “iew  Plot
%’ﬁfﬂ (50 ahm) 14.15 Mha
B0
40 |
20
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4
2 [1.543
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12 122 124 126 138 14 142 144 146 148 15 Mhe
L
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i
g
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ANEC?2
Smith Chart

¢ === Towards Load ¢---- 10 a

140

=10l

- Towards Generator -2

touze 395 - | 336 ohm
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Matching

FZIRLC Matching (F10)
£-31C |5|:| Z-load II'.-'_-|5 Freq |5|:| Mhz
[rig) ID— r [antenna) 0y
bin nebv-G) IU
ot
% ] L-network g | 245
L 0 Low-pazs High-pazs
o Xp 4 [343rH  Xs [231rH
E |1 RE pF
5 s Pi-network Q{247
] L L Low-pass High-pazsz
= Xpl 0 [157pF  Xp1 [64.4 rH
C Ap2 o |0rH xs [298pF
E [03pF  %p2 [144 rH
5 =zl Xz T-network O {247
] _| L Low-pass High-pazs
H E [208nH  Xs1 [485pF
C Ap o [E3pF  xp [s22rH
E [343nH  Xs2 [231 rH

=10f x|

Stub match

O-coll |250

l-cap. |1 000

Select network

se Metwaork:

E =it

—MT parameters
11

12

Y2
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ANEC2..The Big Gun (Optimization)
Optimize (Tune) a 2 metre dipole

== Optimizer: Ready...

to 6 metres

— Settings riable Sensivity:
Function Option Weighting factors [FOM] in X: Fur: [ length
|Dptimize 7| |Defau 7] SwWR Gain F/B F/R  Rdin Xin —Eff B-1 1
WYariables d |l] |I] | |l] | |I] |I] |1l]l] |I] ?1 ::
length=2.20%F | lenath [T Surfwave at distance = |1 Km
witsdia=25. 5 e g} ]
height=2 =la 1180 (0 IT b-gai ,I - -
Fhi o [180 E—— 10-1 1
g 11-1 1
\/ar Lem th Rezolution |5 deq. ™| Fregsweep
y g d-Thet [ 0 Frequency 121 1
JPhi 50 - 131 1
S LU L 141 1
— r - 161 1
H e! Update MELC-file I Exit I 161 ]
Calculated results: Show L':'QI Plot result I Yanable ¥alues:
Rum: | 5wWH |Gan |F/B F/R R-in | ®-in Eff. Res. % | Step & :I Rur: | length
14-1( 1.4375 1] 1] 0f 71.873| 01234 100 3e3| 008 14-1| 28107
14-2( 1.4375 1] 1] Of 71.873| 01234  100] 3e3| 008 14-2 28107
14-3( 1.4413 ] 1] 0 72054 0.7093(  100] -EBe-3| 0.08 14-3[ 2813
15-1( 1.4456 1] 1] 0f 72.235)1.2972] 100| -Be-3| 0.08 15-1| 28152
15-2( 1.4403 1] 1] Of 72.008| 05633 100] 1.e3] 002 15-2
15-3( 1.4394 1] 1] 0f 71.963| 04163  100] 1.e3| 002 15-3
15-4( 1.4334 1] 1] 0 A1.918| 0.2696) 1001 1.e3| 002 15|
15-5( 1.4375 1] 1] 0f 71.873] 0123 100 1e3| 002 15-5
15-6( 1.4365 1] 1] 0f 71.827| 0024  100] 1.e-3) #8102 15-6
15-7( 1.4357 ] 1] of 7178z 017 100 -3 0.0z 15-7
16-1( 1.4365 1] 1] 0f 71.827| -0.024 1e3 002 16-1
16-2[ 1.4359 1] 1] 0f 71.734] -0.1 100] 4ed| Beldlw 16-2

Adjust reactance to zero

=10l x|

Results

/

L= 2.8 metres
/ Xin =-0.13 Ohms
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Optimization Issues

« An extremely complex and active field of study

« Local minimum vs. global minimum .. Optimizer gets trapped
« Poorly defined problem by the user .. Optimizer loops forever
« Type of Objective function

minimum .. for science and math people
good enough .. for engineers
constrained values ..  for engineers

« Can be difficult for beginners

« Example: An optimizer might set the antenna length to infinity!
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Define the wires
and axis

Define the
Voltage Sources

Define the Ground
Type If any

Define R,L,C,
Transmission Line
components

1/28/2017

Using the Editors

David Conn VE3KL
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ANEC?2
Graphical Editor for Beginners

J 4necZ antenna modeler and optimizer - Mozilla Firefox

fée Edt View Higtory Bookmarks Tools Help

G—@' c X R IlCT]Mtp:Iﬂmne.lctd!-varlvoors,f D = “Ql.l,) Je J3)

£ Most Visited

Eie Qptions Edt Creste ShowNec Segminfo o =l
o el el sell% ool 7 012\ 8] £ikell] ourom e pe

¥ Zoom «f ] =]

i | P e o ER
, I I Wien ¥ Tagn
| [ S , B
: ! X YO 2
1| I I| Bl | )I T 1 [Z23 [9s |
.i | | * EEE A8 121 k2 wie 41/ 2
i G medl A
| | EE e f—

Radius |32 ]| mm

11

End-1 (mbr)

e
i 1 | l o 159 o

End-2 [mtr)

jo nss o

|

=

[ R

| l l G FixE1  FxE2
A 4 i ' ‘ I ' ! f Length [318 mtr
1/28/2C IR IR T | e o

Ssoft PowerPoint - [+ |[@ 4necz antenna model... | ec si49pm



ANEC2 NEC Editor to Describe the Antenna

€3 4nec2 antenna modeler and optimizer - Mozilla Firefox =10l x|
File Edit Wiew History Bookmarks Tools  Help
C; - c X (R I ICT |http:,l',l'hu:-me.iu:t.nl,l'warivu:u:urs,l' - |*|G|:u:-gle ;-
|2 Mast Visited
it 3GINV_MEC - NEC-Edit [file changed) i -10] x|
Fil=  Edit
—'wire geomety
Card Tag =zegs =1 11 1 =2 b s £2 wire-rad
[Gw [ 3 [reseq | 0.3 0 hah | ¥ 0|  hahe | #12

| H Comnt| Save | Ins | Del |

Ch lrveerted W far B0 k.

CE

S hgh=20 Note the use of Math
5 len=19.72197 .

5% ang=110 "Angle betwesn wires FunCt|0nS

S Z=len*cozang 'Get delta and -+ distances

S rreeg=25 ' To do nr-segs evaluation. ..
G 1 nreeq -, 0 hgh-  -0.3 0 high 12 ' radius for $12 wire
G 2 3 -0.3 1] high 03 1] high 12
3 [.3 I
GE
G 2 0 0 0 14 006 " Sommerfeld ground
E 1] 2 2 1] 1 1] ' Default voltage source
FR 0 1 0 0 3680 ' Deszign frequency
RP.0,91,1,.0,90.0,90.0,-1.0,1.0
EM "End of file
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Simple Text Editor

Best for Computer Defined
Antennas

1/28/2017

'VE3XK OMNI 6 metres..stack

SY height=3
SY Freq=50.0

‘height in metres
'freq in MHz

SY B=0.3556 ‘'metres
SY C=0.8128 'metres
SY D=0.29845 'metres
SY rad=3.17e-3 'metres

SY spacingWave=0.5

'spacing in

wavelengths
SY spacing=spacingWave*300/freq

GW

GW

'spacing in metres

1 21 -B 0
height B 0.00 heigh
height+spacing rad

8 21 B C

height+spacing B-D C

David Conn VE3KL 19



A New Windows Menu Type Editor

Menu Bar on top allows user to define files rapidly

& 2METRE DIPOLE.NEC - 4nec2 Edit O] x|
File Cell Rows Selection Options
|Defau|t gtraight line wire-element / / \ [~ Upd 1r'|_$| ﬂl @ M
Syrnbols 1 Ge#metrp 1 ¥ Soucelload 1 Freq./Ground 1 Others 1 Comrnent )
Geometry [Scaling=teters | [T Use wire tapering
Mr ET vpe | Tag|  Seos) w1 1] Z1] 42| 2| z2| R adius|
1 E'wire 1 3 -halflength 1] height halflength 0.00 height wirerad

Geometry Menu Open in this example
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Editing Big Antennas..500 Segments
Complex Geometry

« Use VB.Net or C#.net to drive the editors.

D X fww Powa Bdd Qebug Ogh Fomet Jods  Yindoe  Comeurdy b
WS- A BB A 55900 8 aBQ% PRZH S5

&k gy — —— .
“Formib®  Farml.vb [Design]® | Fremi Desgrer vi® | Shew Mariar Ateona | Start Page - X

| S o)
-

Skew Planar Antenna = VE3BYT, VE3KL
r—— S 4NEC2 Text
| SR e Editor
W Dumetesfoml [ N[

-

S _Coleuioe |

1 - Ouiput Dot

o S rsresed R NR— ot VB.net Program

s Vil F— i Skew Planar Antenna

LD =1 -

-
Teten 1 ":‘

Q0o [Aome Uowl |
I l;lm_ e = e B T [ e |
o’

Ready
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Examples “Simple” 2m Dipole Free Space

-L/2 L/2
~ .
O X AXIs
T pattern (F4) =131 %]
H or | 70N tal PI ane Show  Far figld [lear feld  Compare  QpenPF Plok

Tot-gamn [dBi]

Theta = 90 degrees
Horizontally Polarized
No Vertical Component

(No surprises Here!)

993 ¢ dBi ¢ 2.1
gn 399 < dBi< 21 P2
-3593 ¢ dBi < -89
Max gain Pha:90
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Examples “Simple” 2m Dipole Free Space

-L/2 L/2

O X AXIS

26 viewer (F3) [ 2metre dipole.out ] =101 x|

Horizontal Plane AhlTE mn

Theta =90 degrees
Horizontally Polarized
No Vertical Component

(No surprises Herel!)

v

IS(I'):'U!G 'I
IMuHrcc-k- '|

Tolgan ¥

¥ ARRL style

IMagr-iM: N I
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i Man[vs.7.5] (F2) | £5 2metre dipole.ce... | @ Geometry (F3) | i@ patten (F9)  |[3D viewer (F9) [.. W vEIX Ot




Examples..Simple 2m Dipole

Horizontal Plane

BLUE :Vertical E Field
RED: Horizontal E Field

Green: Total Field

Theta = 45 degrees

(Is it OK to say that a dipole

Is Horizontally Polarized?)

1/28/2017

-L/2 L/2
O X Axis
=10] x|
Show Ear field [ear field Compare CpenPFE Elak
Tot-gain [dBi] 105 My 2 Hornizon tal plane

Z H

/ .8 < dBi< 21
3,3[, 399 < dBi< 2.1
Wer-0ain 993 < dBi< 1.8
Theta= 45 270 Max gain Phi:90

24



50 MHz Horizontal OMNI

Show  Miew Yalidate Cuorrents Ear-field  [ear-field  Segm.

YE 3<K_0Omni.out

Geometry
Source side on X axis
Horizontally Mounted

Geometry Window

Theta : 35

X

Axis 1 mbr

_{ol x|
Plaot
50 MHz

Phi : 21
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Horizontal Plane

5
Showing Circular Polarization > . 12’- ___-..\S

Blue RHCP
RED LHCP
Green Total

Nearly Omni Directional " /I'""

Circular Polarization on X axis f‘"‘ #&"
Linear Polarization on Y axis hs \\‘""".‘ “."”i"'l/,

Note the Red/B o \\“‘e‘ "’"
ote the Red/Blue Cardioids N s ?’ﬁ{’/ 315

50 MHz Horizontal OMNI Pattern

EdPattern (F4)
Show  Ear field [ear feld  Compare  QpenPF Plok

Tot-gain [dBic]

gain SRS T i e < 6.5
e 55 D Lhzp-gain 24|:| 3|:||:| -34 ¢ dBiz < 4.65
= egrees Rhcp-gain -34 ¢ dBiz < 4.65
J Theta= 55 N
1/28/2017 David Conn VE3KL 26




50 MHz Vertical OMNI Pattern

Vertical Plane
Linearly Polarized
Takeoff angle 30 deg
Max Gain = 7.15 dBi

0 = 90 Degrees

1/28/2017

Height = 3 metres

§dpattern (F4)

Shows Ear field  [lear field  Compare

Tot-gain [dBic]
A0 MHz

-45

-E0

-5

15

-30

0z

CpenPF  Blok

15

a0

=101 |

Yertical plane

45

B0

5

-390

-10

13
Tot-gain
Lhcp-gain

R hcp-gain
Phi= 90

-1E5

-180

165

]
-333 < dBic < 715

5399 < dBic < 414

-333 ¢ dBic < 4.14

Max gain The:60

David Conn VE3KL
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50 MHz OMNI Stack

Same Orientation as Single
Element

Height = 3 metres
Spacing = 0.5 wavelengths

1/28/2017

Eeumetry (F3)

Showe  Wiew  Malidake Corrents  Ear-field  [ear-field  SWire  Elat

YE 3=K_0OMHNI_stack_bm.nec

Theta : 30

9
4

Axiz 0 2 mir

=10l |

50 MHz

Phi : 310

David Conn VE3KL
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50 MHz OMNI Stack Vertical Plane

Same Orientation as Single
Element

Height = 3 metres
Spacing = 0.5 wavelengths

Gain Increased to 9.29 dBi
Take off angle now 15 degrees

Some high angle side lobes.
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S Pattern (F4) = =] x|

Show  Ear field [ear field Compare  QpenPF EBlot

Tot-gain [dBic]

nz Yertical plane

RN 150 _
"-.-"EE{K_DMNI_ﬂan:k_Em.Du_LI e5 999 < dBic < 9.29

Phi= 90 qgp 1ES Max gain The:73

David Conn VE3KL
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50 MHz OMNI Stack Horizontal Plane

Same Orientation as Single
Element

Height = 3 metres
Spacing = 0.5 wavelengths

Circularly Polarized along the X axis

© =73 degrees
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EZPattern (F4)
[

Show Ear field [ear field  Compare

CIpeEn

David Conn VE3KL
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Summary

Uses NEC2 or NEC4 Engine

Contains an Optimizer

Outstanding Graphics capability
Uses four different editors

Many features not covered in this talk

Fundamental Wave Reflection Talk Available

>

/3 Dave VE3KL
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