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Antenna Modeling

®* What is Antenna Modeling and why use it?
® Antenna Modeling software background

* MMANA-GAL model examples

* What the MMANA-GAL program can do

® Antenna modeling video demonstration

®* How to get MMANA-GAL software
®YouTube introduction videos MMANA-GAL
*Q&A



Antennas Are Now Modeled

 Antenna modeling used to be the domain of scientists and engineers with very
expensive antenna ranges covering acres and acres of land strewn with expensive equipment.

* Originally developed at Lawrence Livermore National Laboratory (LLNL) in the 1970s, the program
Numerical Electromagnetics Code or NEC.

* The antenna design phase has been greatly improved and shortened with software tools now available.

* With the proliferation of personal computers and affordable (even free) software,
antenna modeling has become a popular amateur activity.



The Universe of Antenna Modeling Methods

FDTD
Ultra Wideband antennas
Impulse Radiating antennas
Transient response
Inhomogeneous materials
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Complexity of Materials Courtesy of EMSS




Maxwell's Equations

Analyzing Antennas
Solving Maxwell's Equations

* Electromagnetic field behavior is governed by Maxwell's equations
 EXxpressed in terms of fields (E, H) and sources (J, M)

1
E=—wuA + —V(V-A
Solving for Electric al Jwe ( )
Field in terms of Vector ,
Potential A which is :> E = —jwn [ dr'G(r,r) - J(x)
obtained using Free v
Space Green'’s , 1 \VAV/
Function, G G(r,r') = = [I + 2

] G(r, ')

A = Vector Potential
G = Green’s Function




Program

NEC-2
EZNEC Pro/2+ v7.0
AUutokEZ

NEC v5.0

MMANA-GAL
MMANA-GAL PRO

Antenna Modeling Software

Website Notes
www.gsl.net/4nec2 Livermore Labs1970’s
www.eznec.com Roy Lewallen W7EL 1990°s

www.acb6bla.com/autoez.html Automated shell for EZNEC

Ipo.linl.gov/technologies/nec Requires alicense-LLNL

http:gal-ana.de Graphical User Interface

MMANA-GAL Computation engine is MININEC v3 in C++



Why Model an Antenna?

® It’s difficult to calculate, assemble, raise, adjust and
optimize a physical antenna.

® It’s difficult/time-consuming to measure the gain,
radiation pattern, and efficiency of a real antenna.

® Antenna models can tell us much about efficiency,
pattern, gain and input impedance.

®* It’s FAST - We can iterate through a lot of models
and quickly focus on those that are the most useful.

®* Properly done, it very accurate

®* Improperly done, it can generate nonsense



MMANA-GAL

We are connecting HAMs

—

Original code by JE3HHT - Makoto Mori

MMANA-GAL basic & MMANA-GAL Pro

by
DL1PBD - Alex Schewelew & DL2KQ - Igor Gontcharenko

Multilingual MM Antenna Analyzer
(MS Windows)

"MMANA-GAL basic is still free for Amateur Radio Use"

What Happened to the MMAMA Program?

MMANA-GAL
Modeling

Software

’
e

U Ve 72

V0L &R

NGO\ NI

TN
SR

AT SIS

a o N

AT N

<

MMANA has a new name. and will now be called MMANA-GAL - GAL is an united abbreviation of names of
DL1PBD and DL2KQ. This reflects substantial structure changes to the program. Besides regular
improvements, new improvements create the possibility of further improvements of capabilities and

services available with the program.

MMANA-GAL is an antenna-analyzing tool based on the moment method, which was introduced in MININEC. The

File Edit Tools

The PRO version MMANA-GAL is a new

powerful Antenna-Analyzing Tool, which has

been developed around the successful but basic

MMANA-GAL engine. To maintain compatibility with

existing files much of the original MMANA-Gal functionality has
been incorporated into the new software. The PRO version has
been specifically developed to handle very complex antenna
designs. Some of the new features are ...>

R R A T —
:‘l'&%“lf»'x“d’i\:":ﬁ:&’;&a‘:ﬁ v

Setup Help
Dedbd +

Rotate around Selected wire

Zoom currents 7 Currents

v | Segments

Geometry | view | Calculate | Far fieid piots

Previous screenshot

e - - — ~
English | Russian |

o~ = 4 s

’/ f‘/

-

B i———

Parameters
Segments (max.)
Wires (max.)
Sources\Loads (max.)
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My Antennas




40M Horizontal Loop Antenna

'- MMANA -GALBbasic CAMMANA-GALBasic3\ANT\HF simple\d40M horzontal Locp 3-1-2023 positioned on lotmaa

Fide Fdd  Tanle Sstun  Haeln MMANA-GAl nrs

'_:_' MMANA-GALbasic CAMMANA.-GAL8asicIANTI\HF simplo\d0M horzontal Loop 3-1-2023 postioned on lot.maa

"RE RE O

Tools Setup Healp MMANA-GALpro
SUME= D2A 2R @ R
Geometry View Calculate Farfield plots ® Middle point of antenna

40M hor. Loop 3-1-2023 positioned on lot

WAVE LENGTH = 41.929 {m)
Freq|7.150 MHz TOTAL PULSE = 100
‘ THE LOWEST POINT OF ANTENNA = 20.000 M
FILL MATRIX
Ground FACTOR MATRI:
PULSE U(WV) | {mA) 2 {Ohm) SWR PWR(WT)
_ Free space w3b 10 00+0.000 52 40+j29.95 1438482 23 178 0 523%
POWER = 0524 WT
. CURRENT DATA
Perfect FAR FIELD {Pin = 0.52396 WT)
NO FATAL ERRORIS)
0 11 sac

® Real Ground setup

Add height |20.00

Matenal | Cu wire

F (MHz) R(OMm) | X(©Ohm} | SWR200[ GhdBd | GadBi | FBdB Elev Gound | AddH | Polar |
715 | 1438 8223 178 658 138 2.0 Real 200 hori
1415 2113 5778 133 753 20 517 Real 200 hon
212 156.2 9112 8.22 212 Real 200 hori
285 3838 2503 937 373 Real 200 hor

Mintfimizatinn : 1 A Pinte Wira adit
Azimuth angle = 35 dg

. Ga=6.3dBi i R
1 (Q adiation pattern
i All points Detailed 2500 v Gmax-Ga=02dB ) P

SWR Gain/fFB Farfields Setup File View Scale Colors Font Setup Help

Bw 226.5 kHz (SWR < 1.5) § SWR on Z: 200.0
Bw 525.7 kHz (SWR < 2.0) ‘

Ga 651dBi=0dB (Honzontal polanzation)
F/B: -1.36 dB; Rear: Azim. 120 deg, Elev. 60 deg
Freq 7 150 MHz
Z- 143,850 - |82 228 Ohm

WR: 1.8 (200.0 Ohm)
Elev 32 0 deg (Real GND 20.00 m height)




40M Horizontal Loop Antenna
on 20M

l?:l MMANA-GALBasic CAMMANA-GALBasicI\ANT\HF simple\40M horizontal Loop 3-1 »ositioned on lotmaa

9 % W ¥D Radiation pattern
File Edit Tools Setup Help M ALpro
De@d <U[H8= 0z oh@RES File View Scale Colors Font Setup Help
Geometry View Calculate Far field plots

All points Detailed Resonance BW /800

v | KHz

, SWR Gain/fFB Farfields Setup
[1+90 d Azimuth angle = 36 dg
Ox2 Ga=75dBi

3.0
Gmax-Ga=00dB

Bw 445 4 kHz (SWR < 1.5)

SWRon Z: 2000
Bw 784 .5 kHz (SWR < 2.0)

Ga - 7.53dBi =0dB (Horizontal polarization)
F/B: 2.00 dB; Rear: Azim. 120 deg, Elev. 60 deg
Freq 14.150 MHz

Z:211.279 +57.781 Ohm

SWR: 1.3 (200.0 Ohm)

Elev: 51.7 deg (Real GND :20.00 m height)




OCF Dipole Radiation Patterns
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Propagation Pattern 40M EFHW
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MMANA-GAL
What It Does

You describe the antenna to the program.....
* Wire lengths, diameters, positions
* Source placement
e “Loads”, transformers, L networks
* Non-radiation transmission lines (incl. loss if desired)
* Ground

The program tells you
» Pattern: gain, front/back ratio
* Source impedances and SWR
* Load dissipation
« Currents
* Interaction with other antennas and conductors
 Antenna comparison




Basic Procedure

Geometry Tab
Name the antenna

Set a Designed-For Frequency

Click the Wire Edit button to open the Wire Editor
Lay out the wires that make up the antenna
Be mindful of the axis

Close the Wire Editor and go to the View Tab
Make sure it looks right
Add a feed point by right clicking the wire and choosing Add Source

Go to the Calculate Tab
Set the Ground type (usually Real)
Set the Material and Height
Click the Start button to model the antenna

Click the Plots button on the Calculate tab or switch to the Far Field Plots
tab to view the characteristics of the antenna




MMANA-GALbasic
File Edit Tools

Setup Help MMANA-GALpro
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Practice the Familiar

Start with “known-good”’models

Familiar antennas (dipoles, verticals, loops)
Study beam basics (Yagis & phased arrays)
Reproduce validated results

Small changes in design should result In
small changes in performance

Add small features to “known-good” models

(%) Open antenna files

Mame

40M heriz
40M haoriz
40M heonz
40M honz
40M heriz

] (-_; ‘i]* £ m -

ontal Loop 3-1-2023 positioned on lot
ontal loop 1-1-2023

ontal loop pointed north 3-2023

ontal loop 3-1-2023

ontal loop 1-1-2023 azmiuth testing

20M loop 12-2022

40M Loop 12-2022 - vertical
40M Loop 12-2022

40 M loop angles

40M dipole lee

Files of type:

Date modified
10/6/2022 11:18 PM
10/5/20232 1:33 PM
3/16/2023 6:02 PM
3/16/2023 5:42 PM
3/16/2023 3:17 PM
1/29/2023 10:49 PM
1/28/2022 12:07 PM
1/1/2023 %12 PM
12/22/2022 8:20 PM
12/12/2022 3:06 PM
12/15/2022 12:34 AM
12/12/2022 5:18 PM

12/5/2022 6:34 PM

MMANA-GALbasic (" maa)



Where to get MMANA-GAL Basic

- MMANA-GAL Basic version is free only for private, Non-commercial use
» Official Website http://gal-ana.de
* To get the basic version go to http://gal-ana.de/basicmm/en/ and click on “Download”

 Select “Download MMANA-GAL basic version”

» User Group: https://groups.io/g/mmana-gal

 Tutorials available on YouTube @ DX Commander
https://www.youtube.com/results?search_query=DX+Commander+MMANA-GAL

* Quickstart guide: http://gal-ana.de/basicmm/en/



MMANA YouTube videos
Callum, MOMCX - DX Commander

Geometry View Calculate Far field plots
+90 da S X

-3

: DELLING

Ga:211dBi=0dB (Verical polarizaion) “ ot/ el eyttt ‘ R W i
F/8:0.00 dB; Rear Azim. 120 deg, Elev. 80 deg ¢ o : ; : Rear: Azim. 120 deg, Elev. 60 deg

Fraq: 30.000 MHz 3 Tt A : . MHz
2:57.814 -j307.017 Ohm . % : :

SWR: 34.6 (50.0 Ohm)

Elev. 15.4 deg (Real GND :0.00 m height)

https://www.youtube.com/watch?v=dgBcYy6kwWs https://youtube.com/watch?v=iMBQiFAvVcRo0 https://youtube.com/watch?v=DxedmwO0dfjg https://www.youtube.com/watch?v=AbKagaBmeacQ



The Prime Directive

George Edward Pelham Box
British Mathematician
1919 - 2013

“Since all models are wrong the scientist cannot
obtain a "correct" one by excessive elaboration. On
the contrary following William of Occam he should
seek an economical description of natural

phenomena. Just as the ability to devise simple but
evocative models is the signature of the great
scientist, so overelaboration and over-
parameterization is often the mark of mediocrity.”




Computer Models Correct?

TROPICAL STORM LEE (AL13)
EPS track guidance initialized at 0000 UTC, 06 September 2023

Current Intensity: 45 kt Current Basin: North Atlantic

Use of this product is governed by the UCAR Terms of Use (http://www2.ucar.edu/terms-of-use)



Q&A
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