- Antennensimulation
fur Jedermann

Einfihrung in das Modellieren von
Antennen mit EZNEC



= —



AFU-Erfolgskriterien

® Geographische Lage (Nord-Sid)
@/Topographische Lage (Gelandeprofil)
© Umgebung (Boden, Hindernisse)

@ Antennen

@ Sendeleistung

Verbesserung vor allem bei Antennen mogtlich



PROBLEME

@ Materialbeschaffung
@/Platz zum Experimentieren
© Mobiler Aufbau

@ Personal

& Wetter

@ Probleme tber Probleme

Gibt’'s keine bessere Losung?



LOSUNG

@ Simulation von Antennen
@/Antennenbau Im Shack

& Spielfeld fur Experimente

@ Optimierung am Schreibtisch
@ Einsicht In Zusammenhange
@ Gefahr: Modell keine Antenne




Welche Simulationsprogramme gibt es?

MINEL=C 1982 MININEC in BASIC

MMANA fUr Personal Computer

NEC-Win Pro |

N Bedienungs- 1‘198(% NEC-im FO_It?TRAN
oberflachen Lur hLO trec ey rbm

EZNEC ochkarteneingabe

1992 NEC-4

NEC = Numerical Electromagnetics Code

Warum EZNEC?



File Edit Options Outputs Setups View Utlites Help

Open }| | [|Fie
Savehs | - Frequency 7 MHz
Ant Notes - Wavelength 428275 m
1 'wire, 21 seaments
- Sources 1 Source
0 Loads
- Trans Lines 0 Transmission Lines
| > | Transformers 0 Transformers
L Networks 0L Networks
Ground Type RealMigh Accuracy
| > | Ground Descrip 1 Medium (0,005, 13)

- Wue Loss Copper

Azimuth Angle
Step Size
Ref Level

Alt SWR 20

Desc Options

Uberraschung: Vollbild nicht moéglich

Fenstertechnik schafft Ubersicht

EZNEC-heifdt zu Recht EASY-NEC



Klare Gliederung der Bedienelemente

o EZNEC+ v. 5.0
File Edit Options Outputs Setups View Utllites Help
p 40m Halbwellendipol

0 pen
Save As
| Oy P ar—

Ant Notes

3

LoadDat
FF Tab
NF Tab

AN E

View ant

NEC-2
FF Flot

Befehle

File
Frequency
W avelength
Wires
Sources
Loads

Trans Lines
Transformers
L Networks
Ground Type

Wire Loss
Units

Plot Type
Elevation Angle
Step Size

Refl Level

Alt SWRH Z0
Desc Options

last ez

7/ MHz

428275 m

1 Wire, 21 segments
1 Source

0 Loads

0 Transmission Lines
0 Transformers

0 L Networks

Perfect

Cop pvn:-l |
Meters

Azimuth

0Deg
1 Deg
0 dBi

75 ohms

Modellieren wir einen 40m-Halbwellendipol



Definition der Antennenelemente

Element- KarteSISCheS

richtung Strahl-

s richtung KO O rd I n a.te n SySte m

Wire Create Edit Other

[ Coord Entry Mode [~ Prieserve Connections W Show Wwire Inzulation

Erfolgskontrolle in VIEW-ANT



Source

.. Segmente
“

Element-
richtung

T

Strahl-
richtung

Wie wird-die- SOURCE (Quelle) definiert?



S oufCeEs

Actyal Pos.
% Fram E1 | Sei

Leistung kann-(muss aber nicht) definiert werden



File  Edit DutpuE Setups  View Utliies Help
Angle Convention g

Upen AutoComplete/Suggest. . . loperl.EZ

] " Calculating Engine
M Default Ground Const., . .
Currentz ~ Folders
Sz D at Ground File Tolerance, . .
Load Dat Messages On/fOff
FFTab  Segmentation Check

Flot Printing

Power level [ an |"

Smith Chart Program

]|
Stepped Diameter Correction. . .

Undo Disk Space. . .

r,. J E |:: ) : IOMCAP II|'-|I.' CACAP Fi | e Fero An g | e

FF Plat EFMEC Geometry Check
Far Field Table Units. . .
Mear Field Table Format

20, 30 Plot Scale
20 Plot Grid Style

Welcher Boden?



> 40m Halbwellendipol
— TFie
- Frequency

Wavelength

Currents | e Ground Type
Sic Dat - Sources C

e ey 5 Select Ground Type
oad UVa \ >ara
FF Tab Trans Lines

- Transformers D Tran ers

- L Networks 0 L Networks Cancel
ieal/Hig Curacy " Free Space

- Ground Descnp i3

| > | Wire Loss Copper (" Perfect
' Malers & Real

NEC-2 - Plot Type Elevation

FF Plot - Azimuth Angle 0Deg
- Step Size 1Deg
| > |Ref Level 0 dBi " MININEC
. > |ArSWR Z0 75 ohms

- Desc Options

Ground Description

TR T

No.

Rechte Maustaste ---> 1 [0,005 [ 0

die wichtigsten-Bodenarten sind-vordefiniert



Bodenqualitat

Cond [S/m] Diel Const

,,7 ,7 " Direct Entry

0,00 3 " Extremely Poor: cities, high bldas
0,001 5 " Very Poor: cities, industrial

0,002 10 Sandy, dry

0,002 13 Poor: rocky, mountainous

0.005 13 " Average: pastoral, heavy clay

0,006 13 Pastoral, med hills and forestation

0,0075 Flat, marshy, densely wooded

0.0 : Pastoral, rich soil, US Midwest
0,0303 Very Good: pastoral, rich, central US
0,001 " Fresh water

5 " Salt water

LCancel |

lassen-wir den Dipol strahlen



L.
File Edit Options Outputs Setups View Utlites Help

Currents Wire,
Sic Dat 1 Source
L' ad E' :l 0 Loads
FFTab | ' 0 Transmission Lines

“NFT 3':. 0 Transformers
SWR 0L Networks

Real/High Accuracy
1 Medium (0,005, 13)
|: opper

st : Elevation
FF Plot UDeg
| leq

| 5> | Ref Level 0 dBi

| > |ARSWR Z0 75 ohms

- Desc Options

View &nt

PLOT TYPE und AZIMUTH vorwahlen

FF-PLOT anklicken



Total Field EZNEC+

Elevation Plot Cursor Elev
Azimuth Angle 0,0 deqg. Gain
Outer Ring 5,95 dBi

Slice Max Gain 5,95 dBi @ Elev Angle =
Beamwidth 127,4 deg.; -3dB @ 26,3,
Sidelobe Gain

Front/Sidelobe 0,0 dB

)
°

Elevation bei 0° (senkrecht zum Draht)

Was bedeutet ,Gain'5,95 dBi*?



Ausflug in den Weltraum

Utllites Help

__Open | [ last.ez
Saveds | 7 MHz

AntHotes avelength 42,8275 m

Currents 1 Wire, 21 segments Select Ground Type
_SicDat | 1 Source
; Load Dat 7 0 Loads
i FF Tab T 0 Transmission Lines
" MNFTab | 0 Transformers
 SWR | 0L Networks

View Ant |

" Perfect

Medium (0,005, 13 " Beal

Copper

NEC-2

FE Plot l Azimuth Angle
| ] Step Size eq.
Ref Level 0 dBi

Alt SWR 20 75 ohms

Desc Options

Wie strahlt-der Dipol im Freiraum?

LCancel




Elevationsdiagramm des Dipols im Freiraum

Total Field

Elevation Plot Cursor Elev 0,0 deg
Azimuth Angle 0,0 deg Gain 2,03 dBi
Outer Ring 2,03 dBi 0,0 dBmax

Keine Vorzugsrichtung — Gewinn nur noch ca. 2 dB

theor. Gewinn Dipol Uber Kugelstrahler = 2,15 dB

Wie strahlt-der Dipol senkrecht zum Draht?



Azimuth bei 0°.1im Freiraum

Total Field

Azimuth Plot
Elevation Angle 0,0 deg.
Outer Ring 2,02 dBi

Slice Max Gain 2,0

Front/Side 99,99 dB

Beamwidth 79,2 deg.; -3dB @ 320,4, 39,6 deg.
Sidelobe Gain 2,03 dBi @ Az Angle = 180,0 deg.
Front/Sidelobe 0,0 dB

3dBi @ Az Angle = 0,0 deg.

Cursor Az
Gain

EZNEC+

0,0 deg.
2,02 dbi
0,0 dBmax

Vorwartsgewinn = Seitenverlust

die 3D-Darstellung zeigt das noch besser



3-D Darstellung.(in Plot Type)

EZNEC+

SR
DTN
FH TR TR
AN R

NN 3
RN

S
oy
R

das Doughnut Pattern reprasentiert die Summe der Strahlung



File Edit

</ Open

Ant Notes

Cuments
Src Dat
_Load Dat
FF Tab
”F Tdb

FF Fior

Options Outputs Setups View

Utlites Help

last ez

7 MHz

428275 m

1 Wire, 19 segments
1 Source

0 Loads

0 Transmission Lines
0 Transformers

0 L Networks

Free Space

Meters

2Deg
0 dBi

75 ohms

Kontrolle der Plausibilitat des Modells



Zuruck auf den Boden der Realitat

nach-Sommerfeld-Norton

File Edit Options Outputs Setups View Utllites Help

40m Halbwellendipol
Open ile last.ez

Swete|| IS i

Ant Notes : 42,8275 m

Select Ground Type

Currents 1 Wire, 21 segments

Sre Dat | 1 Source

‘Load Dat 0 Loads

R ; Cancel
FF T b 0 Transmission Lines _ _ =
2 (" Free Space

NFT ab 0 Transformers

 SwWR [LL_Hetworks ¢ Perfect
View Ant Real/High Accuracy T

1 Medium (0,005, 13)

Copper

Mete

.Azimuth Angle 0 .
Step Size 1 Deq.
Ref Level 0 dBi

Alt SWR 20 75 ohms

Desc Options

Wie strahlt der Dipol-tber Grund?



Total Field

EZNEC+

Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain
Beamwidth
Sidelebe Gain
Front/Sidelobe

5,95 dBi

5,95 dBi @ Elev Angle = 69,0 deg.

127,4 deg.; -3dB @ 26,3, 153,7 deg.

5,95 dBi @ Elev Angle = 111,0 deg.
0,0dB

7 MHz

Cursor Elev 69,0 deq.
Gain 5,95 dBi
0,0 dBmax

Cloud Burner — bej-26° -3 dB




Total Field EZNEC+

Azimuth Plot Cursor Az 0,0 deg.
Elevatiocn Angle ; ; Gain 2,88 dBi
Outer Ring .88 dBi 0,0 dBmax

Slice Max Gain Bi @ Az Angle = 0,0 deg.
Front/Side ;

Beamwidth 39, , 44 8 deg.
Sidelobe Gain 1@ Az -xngl“— = 1 30 0 deg.
Front/Sidelobe

Azimut bet 26° Erhebungswinkel (gut fur DL und EU)




Total Field EZNEC+

Azimuth Plot Cursor Az 0,0 deg.
Elevation Angle 10,0 deg. Gain -4 09 dBi
Outer Ring -4 08 dBi 0,0 dBmax

Slice Max Gain -4,09 dBi @ Az Angle = 0,0 deg.
Front/Side 64

Beamwidth 26, ;-3dB @ 316,7, 43,3 deg.
Sidelobe Gain  -4,09 81 @ Az Angle = 180,0 deq.
Front/Sidelobe 0,0 dB

Azimut bel 10° Erhebungswinkel (fir DX —7dB)

Lasst sich-das vielleicht verbessern?



Welchen Einfluss hat die H6he des Dipols?

Add. . . Preserve Connections ¥ Show Wire Insulation

Move Wire(s) in List. . . Wires

Group Modify. . . End1 End 2 Diameter Insulation

[Z m) [ Conn % (] [ (m] [Z (m) [ Conn {rom] DielC | Thk mm]
n} 40 40 ‘ | 2 1 | 0

Auto Seq —

(oo} T —
Change Loop Size. . .
Copy Wires. . .
Move Wires XYZ. . .

Rotate Wires. . .
Scale Wires. . . Cancel
Stack. . . =
Taper Segs. . .

First wire to raise/lower l1

Make Multiple Copies. . . Last wire to raise/lower l1
Reflect Wires. . . Height chanae [m)] [10

Make Cylindrical Struct. . .

[~ Coord Entry Mode [~ Preserve Connections ¥ Show Wire Insulation

Wires
No. End1 End 2 Diameter Insulation
X  [ym  [Zm  conm [Xm  |vym [Zm  [Con  [imm) Diel C | Thk (mm)
0 10 20 | 0 10 20

der Z-Wert ALLER Elemente wird verandert



Total Field

EZNEC+

Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

0,0 deg.
7,15 dBi

7,15 dBi @ Elev Angle = 30,0 deg.
35,9 deg.; -3dB @ 14,0, 49,5 deg.
7

N
0,0dB

S dBi @ Elev Angle = 150,0 deg.

7 MHz

Curser Elev 30,0 deg.
Gain 7,15 dBi
0,0 dBmax

das sieht schon besser aus




Total Field EZNEC+

Azimuth Plot Curser Az 0,0 deg.
Elevation Angle 10,0 deg. Gain 1,77 dBi
Outer Ring 1,77 dBi 0,0 dBmax

Slice Max Gain 1,77 dBi @ Az Angle = 0,0 deg.
Frent/Side 14,92 dB

Beamwidth .
Sidelobe Gain 1,77 dBi @ Az Angle = 180,0 deg.
Front/Sidelobe 0,0 dB

Doppelte Antennenhdhe --fast 6 db mehr in DX




Welchen Einfluss hat die Lange des Dipols?

im. Wires
Wire Create Edit Other

[ Coord Entry Maode [~ Preserve Connections ¥ Show Wire [nzulation

Wires
Mo End 1 End 2 Diiarneter Inzulation
] |Z [m] | Cann m] |Z [m] (] Diel C | Thk jmm]
20 19 |1 0

Total Field EZNEC+
Total Field EZNEC+ -

7 MHz

7 MHz
Azimuth Plot Cursor Az 0,0 deg.
Elevation Angle 10,0 deg. Gain 1,77 dBi
Outer Ring 1,77 dBi 0,0 dBmax

Azimuth Plot 0,0 deg
Elevation Angle 10,0 deg. 1.4 dBi
Outer Ring 1,4 dBi 0,0 dBmax

Slice Max Gain 1,4 dBi @ Az Angle = 0,0 deg sllcetga; Gain }-‘TZ_GSE@ Az Angle = 0,0 deg.
Front/Side 13,52 dB ront/Side 492

Beamwidth 90,0 deg.; -3dB @ 315,0, 45,0 deg. Beamwidth 21,4 deg ;-3dB @ 319,3, 40,7 deg.
Sidelobe Gain 1,4 dBi @ Az Angle = 180,0 deg. Sidelobe Gain 1,77 dBi @ Az Angle = 180,0 deg.
Front/Sidelobe 0,0 dB Front/Sidelobe 0,0 dB

/4 Lambda > 1,4 dBi /2 Lambda > 1,8 dBi

Fazit: die Antennenlange-hat kaum Einfluss




Warum dann so lange Drahte???

"@EZNEC+ v.5.0

File Edit Options Outputs Setups View

__Open
_SaveAs
Ant Notes

FF Plot |

- Alt SWR Z0

Desc Options

Utllites Help

last.ez

7.1 MHz

42,2243 m

1 'Wire, 19 segments
1 Source

0 Loads

0 Transmission Lines
0 Transformers

0L Networks
Real/High Accuracy
1 Medium (0,005, 13)
Copper

Meters

Azimuth

10 Deq.
1 Deq.
0 dBi

75 ohms

Was sieht die Quelle?



beim Halbwellendipol:

Wire Create Edit Other

[~ Coord Entry Mode [ Preserve Connections ™ Show Wire Insulation

Segs| Insulation |
[Zm  [Con | (mm)

- DielC | Thk [mm)

. Source Data i -0 x|
File Edit Search Format Help
EZNEC+ ver. 5.0

40m Halbwellendipol 11.606.2613 18:208:24

Frequency = 7,2 MHz

Source 1 Uoltage 284,3 U at 0,0 deg.
Current 3,52 A at 2,28 deqg.

Impedance = 80,69 - J 3,268 ohms

Power = 10868 watts
SUR (58 ohm system) = [1,618] (75 ohm system) = 088

fast vollkommene Anpassung



beim Kurzdipol:

. Wires
Wire Create Edit Other

[~ Coord Entry Mode [~ Preserve Connections V¥ Show Wire Insulation

[

. Endr
-m-
70 5] [0 | o 5] o |

Wires

End 1
[13

2 1

. Source Data =101 x|
File Edit Search Format Help
EZNEC+ ver. 5.8

48m Halbwellendipol 11.086.20613 18:31:27

Frequency = 7,2 MHz

Source 1 Uoltage 7945 U at 6,0 deg.
Current at 89,12 deg.
Impedance = 14,8 - J 966,6 ohms
Power = 1000 watts
SWR (58 ohm system) > 188 75 ohm system) > 160

totale Fehlanpassung — SWR >100

Wie kann man-die Anpassung tberprifen?

L j




Wo liegt das beste SWR?

Open
Save As

> 2N
Ant Notes 41 6378 m SWR Sweep Parameters

Y
Currents 1Wire, 13 se :
Frequency Selection

Src Dat 1 Source

Load Dat 0 Loads Start Frequency [MHz) l
FFT ab 0 Transmission Lines Stop Frequency (MHz) .
0 Transformers I .
0L Networks Frequency Step [MHz] 0,01

Real/High Accuracy

1 Medium (0,005, 13) |~ Read Frequencies From File Select

Copper File Narr |

Meters

Azimuth Edit Fil¢ |

FF Plot_| 10 Deg. |
1 De.g. Clear Entries | Bun 1 Cancel |

0

75 ohms

Der-Halbwellendipol wird-untersucht



50 Ohm oder 75 Ohm?

&. SWR Plot: 40m Halbwellendipol . SWR Plot: 40m Halbwellendipol
File Edit View Options File Edit View Options
EZNEC+ ~Z0- ; EZNEC+
: ; " 50 ohms
Alt (75 e TR (75!
DhI'I'IS] [ ' : ‘
1 =
J 1 ' 1 ' 1 1 L}
Source # L SRR ; ' l Source #

Freqg MHz & 7 Freq MHz

Source# 1 Source# 1
Z0 50 ohms Z0 75 ohms

die Lange muss ca. 2% grol3er werden

also-den Dipol auf-beiden Seiten um-0,20 m verl&angern



| Coord Entry kMaode [~ Preserve Connectionz: v Show wire Inzulation

m Diameter_| Se m
ﬂﬂ- m- Thk frm)

1 T_+_J_ | T T T R g oy s | [ |
~1-A" T —wm-rC - T -A--I--F-rFr-T-1-7--°--

Freq MHz 7.2 7 Freg MHz

Freq T KMHz Source#®# 1 Freq 7T MHz Source # 1
SWWR i £l 50 ohms SR 2 Z0 75 ohmz

Gut bel 10m Antennenhdhe --aber wie bel 20m Hohe?



Wire Create Edit Other

[~ Coord Entry Mode [~ Preserve Connections v Shaw 'wWire Insulation

Freq MHz 7 Freq MHz

Source # Freq 7 MHz Source # 1
Zl 50 ohmz SWR E Z0 75 ohmz

Optimum erneut um ca. 2% zu hoch

noch-einmal um je-0,20 m verlangern



Wire Create Edit Other

| Coord Entry Mode | Preserve Connections v Show Wire Insulation

Freq SOUrCE Source
SR . 50 ohmz SR v 75 ohmz

ganz brauchbar bei 50 Ohm — perfekt bei 75 Ohm

zurdack zum-kurzen Dipol



Wire Create Edit Other

[~ Coord Entry Mode [~ Preserve Connections ¥ Show Wire Insulation

Wires

No. End1 End 2 Diameter Insulation
X (m) [ [ [Z (m) X [m) Y (m) [Z (m) (mm) Diel C | Thk (mm)

110 L5 110 |0 B k| 10 il 13 v 10

[ECT N

File Edit Search Format Help
EZNEC+ ver. 5.8

48m Halbwellendipol 11.86.2013 18:31:27

Frequency = 7,2 MHz

Source 1 Uoltage 7945 U at 0,0 deg.

Current |8,219 nlat 89,12 deg.
| Impedance = 14,8 - J 966,6 ohms|
Power = 10008 watts

ISUR (58 ohm system) > 188 (75 ohm system) > 188|

der kapazitive Blindanteill muss kompensiert werden




Verlangerungsspulen-bewirken Resonanz

Load Edit Other

o
29 23 684, - 6

| 76,3158 | 1f 6

Load Edit Other

No | SpeciiedPos | ActualPos | R ] L | ¢ |

| 2 :

5
| 75




[ SRR SN Y SR

tdecc g

casbhecasdeacsckh as ee

1
bdecadaaad

[
ceeeebccadacaablaaaa

[N R

bt deccqeccgecce

B I

S e e )

S I e T I L I S

tdecedeecdeacvweloccdde e ab cn e

Freq
SWR

Azimuth Piot
Elevation Angke

Outer Ring

-
—"'*—._,,‘“_Q._—

Kurzdipol

Cursor Az
Gain

L -

0 .l dBmax

File Edit Search Format Help
| EZNEC+ ver. 5.8

46m Halbwellendipol

Frequency = 7,1 MHz

Load 1 Uoltage 4912 U at 61,35 deg.
Current = 4,787 A at -28,31 deg.
Impedance = 6 + J 1826 ohms

| Power = 137,5 watts |

Uoltage 4912 U at 61,35 deg.
Current 4,787 A at -28,31 deg.
Impedance = 6 + J 1826 ohms
|Power = 137,5 watts |

Total applied power = 1880 watts

Total load power = 275 watts
Total load loss = 1,397 dB

Azimyth Piot
Elevation Angle
Outer Ring

nur 1,6 dB-Differenz bel- Spulengute Q=200

11.06.2013

Curser Az
Gain

21:07:17

0.0 deg
-4,09 8
0,0 dBmax




File Edit Search Format Help
EZNEC+ ver. 5.8

46m Halbwellendipol 11.86.2613 21:18:27

cnde ok es--

Frequency = 7,1 MHz

[ R e

Load 1 Uoltage 4516 U at 64,92 deg.
Current = 4,401 A at -24,52 deg.
Impedance = 18 + J 1826 ohms
| Power = 193,7 watts|

Y S ey A S

Uoltage = 4516 U at 64,92 deg.
Current = 4,401 A at -24,52 deg.
Impedance = 18 + J 1826 ohms
ﬁﬁﬁer = 193,7 watts |

e e e qe e ==
'
'

Freq MHz :
Total applied power = 1808 watts

Source # Total load power = 387,3 watts
SWR <0 Total load loss = 2,128 dB

Azeuth Plot
Elevabion Ange

. . -4 09 a8i
Cuter Ring

2,35 dB Differenz bei Spulen- Q=100 — 200 W pro Spule




Modelle mit komplizierter Geometrie

Es geht.ohne Mathematikin EZNEC/!

Rechte Maustaste =
Move Wire(s) in List. . . Connect End to. . .

Group Modify. . . Change Coord by. . .

Auto Seg

Change Height by, . .
Change Loop Size. . .
Copy Wires. . .
Move Wires XYZ. . .
Rotate Wires. . .
Scale Wires. . .
Stack. . .

Taper Segs. . .

Make Multiple Copies. . .
Reflect Wires. . .

Make Cylindrical Struct. . .

Change Length by. . .
Change Length to. . .
Multiply Length by. . .
Divide Length by. . .

Elevation Rotate End. . .
Azimuth Rotate End. . .

zwel-Beispiele mbgen das zeigen



Beispiel.~Sloper

. Wires
Wire Create Edit Other

[~ Coord Entry Mode [~ Preserve Connections ¥ Show Wire Insulation

\Wires

(Mo |  Endt |  End2 | Diameter |Segs =
o Axm fvm  Jzm  fCon  IXm)  fyim  |zm  [Con  fmm | [DilC [Thkmm) |_
R —_— 20 0 110 20 ‘ 12 19 |1 0 i~

ConnectEnd to. . .
Change Coord by. . .

Change Length by. . . End 1 of wee 1 wall be modified.
Enter a positive value to rotate wire up, of negative to

Change Length to, . .
rotate down.

Muttiply Length by
-_'li'-'il:‘E LEH'H‘l El"'
Elevation Rotate End. . .

Azimuth Rotate End. . .
Amount to rotate (deg)

Wire Create Edit Other

[~ Coord Entry Mode [~ Preserve Connections ¥ Show Wire Insulation




Alternative Moglichkeit

Edit Other

[ Coord Entry Mode [ Pres

Rechte Mausstaste
L=23,43 m

s Connections: ¥ Show Wire Insulation

Connect End to. . .

Change Coord by, . .
Change Length by, . .
ength
trlgﬁ'
ength by, . .
on Rotate End. . .
Azimuth Rotate End. . .

Enter new length

. Wires

Wire Create Edit Other

| Coord Entry Mode v F

Diameter

Cam_[fom
2 1

J

Wie-strahlt der Sloper??2?



Elevation bei 0°

Total Field EZNEC+

7 MHz

Elewvation Plot Curzor Elev 24,0 deg.
Azimuth Angle 0,0 deg. Gain 0,73 dBi
COuter Ring 0,73 dBi 0,0 dBmax

Senkrecht zur Drahtrichtung symmetrisch und relativ flach

Und-wie in Drahtrichtung?



Elevation bei 90°

Total Field EZNEC+

7 MHz

Elewvation Plot Curzor Eley 1570 deg.
Azimuth Angle 90,0 deg. Gain 0,85 dBi
COuter Ring 0,28 dBi 0,0 dBmax

V/R-Verhaltnis knapp 5 dB

Wie steht-es mit der Flachstrahlung?



Azimuth-bel 10°

Total Field

7T MHz

Azimuth Plot Curzor &z 2700 deg.
Elevation Angle 10,0 deg. ain -3,1 dBi
Cuter Ring -3,02 dBi -0,07 dBmax

Ist der Sloper besser-als der Dipol?



Total Field

Sloper

Dipal

Azimuth Plot
Elevation Angle 10,0 deg.
Outer Ring 1,77 dBi

Vergleich Sloper vs. Dipol @ 20m bei 10°

Ist die_Inverted-Vee vielleicht eine bessere Alternative?



Beispiel: Inverted-Vee

Wire Create Edit Other

| Coord Entry Mode | Preserve Connections v Show "Wire Insulation

Im Diameter m

m- Th frm)

Freqg MHz

Source #

Zl

die Drahte 2 und 3 werden abgeknickt



Wire Create Edit Other

[ Preserve Connections W Show 'Wire Insulation

Wires
End 1 End 2 Diarmneter Irzulation
¥m  [vm  [zm  fcom [xm [y [Zm [com | (om) DielC | Thik (mm]
0 05 10 w2ET |0 0.5 10 W3ET |2 1 D
0 05 10 w1ET |0 10,2 10 2 1 0
0 0.5 10 wiE2 |0 , 10 2 1 0

Change Coord by. . .
Change Lengthby. .. End 2 of wire 3 will be modified
Change Length to. . . Enter a positive value to rotate wire up, or negative ko

Multiply Length by. . . rotate down.

Divide Length by. . .
Elevation Rotate End. . .

Azmuth Rotate Eng. . .

Rechte Maustaste

Srnount bo rotate [deagl |.45

. Wires
Wire Create Edit Other

[~ Cooid Enlmy Mode [ Preserve Conneclion: ¥ Show Wire Insulation

Sires
Mo, End1 End 2 Inzulstion
® [m) | {m) | Z m) | Corn 5 [mj {5 ) Z (m) Diel© | Thi fmm)
0 05 10 W2ET  |D 05 10 1 0
[0 05 10 #1ET |0 735834 | 314108 1 0
[0 0.5 10 MW1E 1] 735594 314106 1 1]

VIEW ANT zeigt




[hzulation
Diel C | Thk fmm]

Seqs

Freq MHz
010

Driarneter

Amavnt [m]
299

Enter amount in m to change length

End 2 af wire 3 will be maodified.

Change Length By
|

Connect End to. . .
Change Coord by, . .

| Change Length by, . .
Change Length to. . .
Multiply Length by. . .
Divide Length by. . .
Elevation Rotate End. . .
Azimuth Rotate End. . .

o
2
]
=

“r
=

o
=

=

o
=
o
>

' ] ] '
P T e
' ' ' '

F-=—=q-=-=-=-p=-==-r-

Wie strahlt die Inverted-Vee

[ Prezerve Connections

Freq MHz

' ] ' '
ScsTTATsT==Tr==°r-
] ] ] ]

Wire Create Edit Other
[ Coord Entry kode




Elevation senkrecht zur Drahtebene

Total Field EZNEC+

7 MHz

Elevation Plot Curzor Eley 20,0 deg.
Azimuth Angle 0,0 deg. zain 4,37 dBi
Cluter Ring 4 37 dBi 0,0 dBmax

nicht schlecht fur DL und EU

Aber wie sieht es In DX-aus???



Azimuth bel 10°

Azimuth Plot

Elevation Angle 10,0 deg
Quter Ring -5 84 dBi

Rundstrahler(!) mit wenig Gewinn

Warum ein Rundstrahler???



Optionen zur Darstellung der Polarisation

5 EZNEC+ v. 5.0
File Edit Options Outputs

Load D at
FF Tahb
HF Tah

A

These settings are saved with the description.
General Flat ]

Fields | 2D Mise
NEC:2 > | Plot Type
FF Flat - Elevation Angle Fields To Plot
| : | Step Size 20 Far Field
> |RefLevel i Tobal fedd o
- Alt SWR Z0 (¢ Tobal fiehd only

- Deszc Options

" RH. LH Circ
" BH Cirz
i LH Crc

™ Linear Maj, Min

30 Plot
Tatal field
Taotal figld
Taotal field
Tiotal field
RH Circ
LH Circ
Taotal field

FF Table
Lirear
Lirear
Lirear
Circula
Circulas
Circulas

Circulars




Strahlung senkrecht zur Drahtebene

bel Azimuth 0°

* Horizontal Pol EZNEC+

7 MHz

Elevation Plot Curzor Elev 50,0 deg.
Azimuth Angle 0,0 deg. Gain 4 37 dBi
Cuter Ring 4 37 dBi 0,0 dBmiax

horizontal polarisiert

Wie sieht es in Drahtrichtung aus?



Elevation-bei Azimuth 90°

* Horizontal Pol _ EZNEC+

7 MHz

Elevation Plot Curzor Elev 0,0 deg.
Azimuth Angle 90,0 deg. Gain -89 59 dBi
Cuter Ring 4 37 dBi 0,0 dBmax

In Drahtrichtung — vertikale Polarisation




Zusammensetzung der Totalstrahlung

* Total Field h EZNEC+

Harizontal Pol

Azimuth Plot 0,0 deg.
Elevation Angle 10,0 deg. -5 24 dBi
Outer Ring 5,84 dBi 0,0 dBmax

T=H+V

Vergleich Dipol-vs.Inverted-Vee @ 10 und 20m



Dipol

Inverted-Vee

& zimuth Plot

Elevation Anghke 10,0 deg,

Clustes Fig -2 05 dBi

10m Hohe

Und bel doppelter HoOhe?



20m Hohe

Dipol

Azirmuth Plot
Elevation Angle 10,0 deg
Quter Ring 1,81 dBi

Dipol: etwas mehr Vorwartsgewinn

Inverted-Vee: deutlich besser in Drahtrichtung

Fur beide qilt: doppelte HOhe bringt ca. eine S-Stufe

Wie geht es mit dem Modellieren-weliter?



Nachste Schritte

@ Vertikalantennen
&/Yagl-Antennen

® Loops (TX und RX)
@ Arrays

@ Helix-Antennen

@ Szenarien




Hilfen

@ Antennensimulation unter. Windows
DF6SJ, FA 2000 Heft 10-12

€ EZNEC Modeling Tutorial, W8WWV

@ EZNEC User Manual, www.eznec.com
@ Antenna Modeling for Beginners, ARRL
@ ARRL EC-004 On Line Course




Viel Erfolg mit EZNEC

wunscht

DJ2YA
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