Rx antennas at | V3PRK: the ODFA project

How a great Rx antenna array can be destroyed in a bad environment

The Quad Delta Flag Array by Dr. Dallas L ankford

by Pierluigi “Luis’ Mansutti | V3PRK

After reading all the very interesting documents published by Dr. Dallas Lankford on this
web site and learnt some new ideas on receiving antennas, | began to study a new project for the
summer season.

| found really enthusiastic the idea of
an array of four Delta Flag antennas, which |
was intended to install on top of my 120 m.
long fence. | had aready four fishing rods
(left from the previous DHDL experiments)
and they could be tied to the fence stakes
without trouble to walking and grass mowing.
These stakes, holding the plastic covered
metallic net, are spaced 1.80 m. from each
other and thus al the loops dimensions and
distance are based on 1.80 m. multiples.

So my loops are triangles 4.50 m. high
on a10.80 m. base with 21.4 m. separation.

Thiswas the starting EZNEC mode!:

;= EZNEC+ v. 5.0

File Edit Cptions Outputs Setups View Utilities Help

> Quad Delta Flag Array 108m. L. Souces
__Open File GDFATEZ Specified Poz. Actual Poz. Amplitude
Saveds || | > |Frequency T MHz wiire # [ % From E1 | % From E1 [ Sen | (v, A)
Ant Mates | |Wavelength 164,27 m 100 0 5
Clients |_> |'wires 12 Wwires, 65 segments 100 a0 5
Sre Dat > | Sources 4 Sources 100 a0 5
LoadDat || |2 |Loads gl bads 100 a0 5
FF Tab |_> | Trans Lines 0 Transmission Lines
NETal |_» | Transformers 0 Transformers
SwWR | > |L Networks 0L Metworks
|_> |Ground Type Real/MININEC
Viewént | | [ | Ground Descrip 1 Medium (0,01, 40)
| > |Wire Loss Alurninurn [B061-TE] Loads
|_» | Units Meters No. Specified Pos. Actual Pos. R # Ext Conn
| > | Plot Type s wire # | % FromE1 [ % From E1 [ Seq | [ohms] fohms)
[— 5 1 1 1] 10 1 1000 0 Ser
|_>_| Step Size 1Deg. 2 |4 0 10 i [1o00 0 Ser
| > | Ref Level el a7 0 10 T [1000 0 Ser
| > |ARSWR Z0 75 ohms 4 10 o 10 i [1000 i Ser
» | Desc Options *
Awerage Gain = 0,000 = -41.29 dB Mode! confams loss . — .
s e Edit: Sie
1~ Highlight -
[~ CoordEntryMode [ Preserve Connections s e fo. _
il st & Azirmuth Slice
ires " Elev Slce
No. End1 End 2 ] w0 |
# [m) ¥ [m) Z [m] Conn # [m) Y [m) Z [m) Conn L] _J _;j
b1 0 1] 2 WIE2 1] 5.4 [ Ww2E1 90
2 a 54 E5 Wwi1EZ a 0.8 2 Ww3ET Cursor Azimuth
3 1] 10.a 2 WZEZ 0 1] 2 WET —A_] 90
4 a 324 2 WEE2 a 78 E5 whE1 b 1 825 WHE
5 1] s %] WAEZ 1] 432 2 WEET 2 i !
E a 432 2 WEE2 1] 324 2 w4E1 | Azimuth Plot Cursor Az 900 ded.
7 il 644 2 WAEZ il 70,2 65 WEET 5 Elevatlo!ﬂ Angle 22,0 deg.. Gain -249,95 dBi
5o 70,2 E5 W7EZ |0 5 z WIET = guesRing 5290600 Lo
R 756 2 WiEZ__ |0 B4.5 2 WTED Slice Eley IR BT gy oo
1010 3.2 2 w2 |0 1025 65 wWIED Slice Max Gsin  -23,95 dBi @ Az Angle = 20,0 deg.
1|0 102.6 E5 WwW10E2 |0 108 2 WwW12E1 Frant/Back 30,73 dB
12 |0 108 2 W11E2 1] 9.2 2 Ww0ET Beamwicith 44,2 deg,; -3dB @ 479, 1321 deg.
#* Sidelobe Gain 58 38 dBi @ Az Angle = 243 0 deg.




A very nice lobe with an RDF of 11.3 and a gain of -30 dB, much better than with many
other flag arrays, and thus a single preamplifier could be sufficient.

Than | tried a couple of different phasing delays and came out with a most desirable pattern
to cover the Pacific area. My array is pointed to the northern direction, where the DX signals are
generally skewed east or west of the aurora oval, and thus | don’t want a sharp lobe, but the widest
possible one, with awide back null, without secondary lobes. So after changing the sources phase:
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> Quad Delta Flag Array 108m. L. Sources
Open File GDFAZEZ Specified Pos. Actual Pos. Amplitude Phase | Type

s >_| Frequency 1,625 MHz Wi # | % From E1 | % FromE1 | Seg | (V. A) idea)

Ant Mates W avelength 164,27 m SE 2 100 a0 5 1 24 ] | —
it > | Wires 12 Wires, B8 segments 5 5 100 a0 = 1 242 | b
Sic Dat 2| 5 ources fipnices 3 (B[00 N 51 221
Load Dat B Loads: alpads, . 4 (11 [0 El 5 1 0 [

EETaH > | Trans Lines 0 Transmizsion Lines *
> | Transformers 0 Transformers — =
> | L Network: 0L Metwork =
S > szn:D':'y:e Heal!;‘l’\r‘»lolhéﬁ = Q @‘“3
Wiew Ant | > | Ground Descrip 1 Medum (0,01, 40)
> | 'Wwire Loss Aluminum [B0B1-TE) Loads
> | Units Meters Ha. Specified Paos. Actual Pos. R b Ext Conn
NEC-2 >_| Plot Type D ‘wire # | % From E1 | % From E1 [ Sea | (ohms) (ohms]
Topser 105 L
> | Ref Level 0dBi 3 7 0 10 1 1000 0 Ser
> | AltSWR Z0 75 ohms S FRED 0 10 7 1000 0 ot
> | Desc Options *
Average Gain = 0,000 = -38,39 dB fef contars loss i
... thisbeautiful pattern resulted:
Total Field EZMEC+
Total Field EZMEC
Tatal Fied ode *
L 1,825 MHz
1,825 MHz
Azimuth Plot Curzor &z 89,0 deg.
Elerwation Plot Curzor Elev 26,0 deg. Elewation &ngle 26,0 deg. Gain -25,27 dBi
Azitnuth Angle 39,0 deg. ain -28 27 dBi Cuter Ring =28 27 obi 0,0 dBmax
Outer Ring -2827 dBi 0,0 dBmax 0,0 dBmax3l
0,0 dBmax30h 20 Max Gain -28 27 dBi
30 Max Gain 28,27 dBi Slice Max Gain -258,27 dBi i@ A7 Angle = 90,0 deg.
Slice Max Gain - -28 27 dBi (@ Elev Angle = 26,0 deg. FrortBack £3,16 dB
Beatmwvicdth 50,2 deq., -3dB @ 6,4, 56 6 deg. Beammwvidth 101 2 deqg.; -3dB @ 394, 1406 degy.
Sidelobe Gain - -7276 dBi @ Elev Angle =125 0 deg. Sidelobe Gain -B7,9 dBi @ Az Angle = 222 0 deg.
Front/Sidelobe 44 49 dB Fronmt/Sidelobe 39,63 dB

Adding in EZNEC moded the near by existing antennas

It should have been a very nice receiving system by reversing direction and also trying a
broadside switching but, before going with the project and buying a lot of cable, | decided to
investigate with EZNEC 5+ (which has 1.500 segments capability) the possible interactions with
the nearby antennas and the fence itself. From a previous work | had already a map of my lot with
all the needed XY antennas coordinates.

So | start by adding at first only the TX resonating tower at 35 m. distance, without the
elevated radials.



Total Field EZMEC+
Total Field 0 dB EZMEC+ Primary
* Primary GDFAZaz
GDFAZe
- 1,325 MHz
1,525 MHz
Azimuth Plot Curzor &z 950 deg.
Elervation Plot Curzor Elev 250 deg. Elewstion &Angle 25,0 deg. Gain -28,25 dbi
Azimuth &ngle 950 deg. Gain -28 25 dBi Cter Ring 2825 dBi 0,0 dBmax
Outer Ring -2825 dBi 0,0 dBmax 0,0 dBmax3l
0,0 dBmax30 30 Maz Gain -28,25 dBi
30 M Gain 2825 dEi Slice Max Gain -25.25 dBi @ Az Angle = 90,0 deg.
Slice Max Gain - -28,25 dBi (@ Elev Angle = 250 deg. Front/Back JI305dB
Bearmwicith 49 0 deg.; -3dB @ 6,9, 55 9 deg. Bearmwidth 101 B deg,; -3dB & 406, 142 2 deg.
Sidelobe Gain - -B1,33 dBi & Elew Angle = 155 0 deg. Sidelobe Gain - -58,11 dBi @ Az Andle = 3200 deq.
Front/Sidelobe 33,05 dB Front/Sidelobe 29,56 dB

Not agreat harm: only avery small back lobe appears which reduces the F/B to 33 dB!
Now let’s add also the 4 elevated radials:
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As expected, now the pattern worsens, loosing a lot of front to back ratio, but the shape of
the forward lobe could be still acceptable. (The blue trace shows the QDFA alone).

So let’s add to the picture all the other receiving antennas (rotatable Flag and 6 Pennants) in
the position they have actually on my lot.
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We see that the Pennants, even very close to the new Delta array, do not add any further
interaction and the pattern is pretty the same as without them. From the starting QDFA alone (blue
trace) the F/B drops from 60 dB to 15 dB and RDF from 11.3 to 10.0.

Total Field 0 dE EZMEC+ Total Field \ EZMEC+
* Primary * Primary L
GDFAZ2el GDFAZaz !
vvf?q

1,625 MHz ‘ 1,625 MHz
Elerwation Plot Curzor Elew 25,0 deg. Azimuth Plot Curzor &z 75,0 deg.
Azimuth &ngle 75,0 deg. Gain -28 67 dBi Elewation Angle 25,0 deg. Gain -28 67 dBi
Outer Ring -2827 dBi 0,0 dBmax Outer Ring -2827 dBi 0,0 dBmax

0,0 dBmax3l 0,0 dBmax3l

30 Max Gain -258 67 dBi 30 Max Gain -258 67 dBi
Slice Max Gain - -28 67 dBi (@ Elev Angle = 250 deg. Slice Max Gain  -28 67 dBi @ Az Angle = 75,0 deg.
Bearnwidth 43 5 deq.; -3dB @ 7,0, 56 5 deq. Front/Back 15,44 dB
Sidelobe Gain - -44,09 dBi & Elew Angle = 160 0 deg. Beammwvidth 986 deg.; -3dB @ 30,4, 1290 deg.
FromtfSidelobe 1542 dB Sidelobe Gain -43 45 dBi @ Az Angle = 3000 deg.

FromtfSidelobe 14,73 dB



Adding to EZNEC model the fence and other near by metallic objects

At this point | added also in the model the surrounding telephone cable, a lighting pole and
the fence itself. The metallic net is al plastic covered and apparently it should be insulated, like the
three thick horizontal wires crossing the vertical stakes, which are driven in the concreted. So at
first I modelled the whole fence without any ground connection

EZNEC+

I - »

A very big model came out, with 372 wires and 1487 segments, but it revealed an absolute
DISASTER: the pattern has been completely DESTROYED ....the array became omnidirectional
without any elevation lobe !

EZMEC+

Total Field EZIMEC+ Total Field

1825 WHz 1 525 MHz

| am not sure if such a miserable pattern would be real or mainly due to the model limits of
NEC2 engine. | am aso not sure about insulation, losses or ground connections of this kind of
garden net fence, so | tried to model it also with some ground connections added.



;é; FINEC . ’>. _g E‘g 4

| Sources
Source  Edit

BEE

> QDFA+all ant. +fence GROUNDED Souces L
Open File GDFA+al_4.EZ Mo Specified Poz. Actual Poz. Amplitude Phaze | Type
el >_| Frequency 1,825 MHz ‘wite 8 | % From E1 | % FromE1 | Seq | V.4 (dea)
At Nates | Wavelength 164,27 m SE f 0 0 7 1 0 I
it > | Wires 373 'wires, 1434 segments 3 1 i ] 7 7 242 I
Src Dat e8| Sources 4 aouices ER i T 242 |I
Load Dat 2B Loads: [raacy 4 (1[0 10 T A24 I
FE Tab » | Trans Lines 0 Trarsmizsion Lines *
»_| Transformers 0 Transformers
SR » | L Networks 0L Metwarks
—— > | Ground Type Real/MIMNINEC
Viewant || [7| Ground Descrip 1 Medium (0,01, 40)
> | 'Wwire Loss Aluminum [B0B1-TE)
> | Units Meters
MEC:2 > | Plot Type ki
FF Plat 4
> | Step Size 5 Deq. =
» | Ref Level 0dBi W
> | Alt SWR Z0 75 ohms
> | Desc Options PQ’
Average Gain = 0,000 = -37 46 dB Medef contams fozs
—
[~ CoordEntryMode [ Preserve Connections I Shaow wire Insulation
s
No. End1 End 2 Diameter | Segs| =
# [m] Y [m] Z [m] Conn # [m] ' [m] Z [m] Conn [rarn]
88 |-292715 271538 |24 WEYEZ  |-417867  |-37BR13 |23 WBSET 15 1
89 |-4.17867 376613 23 WEBEZ 668172 -5,86643 2.2 WWE0ET 15 1 _hh‘__h_‘h——;____
90 |-6.EH72 506643 |22 WEIEZ  |-16,899 339383 |2 15 5 J
91 |08 1] 0.2 WATET 0303627 | -4.4703E-8 |02 WhIE1 15 1
92 |36 100 4 36 -100 4 5 50
93 |32 27 1] Ground 36.2 27 5 B0 10
94 |34 48 1] Ground 34 46 01 WAEET 5 1
95 |34 46 01 WETED 34 46 1 WSEE 5 2
965 |34 48 1 WHBE1 34 46 18 WASET 5 2
37 |34 46 0.1 WH4EZ 34 44 01 WIO00ET |5 2
98 |34 48 1 WHBEZ |34 44 1 W1O00E2 |5 2
99 |34 48 18 WHEEZ |34 44 14 Wi1OlE2 |5 2
100 |34 44 o1 WIOZET |34 44 1 WIODTET |5 2

After grounding the fence the array pattern recovered itslow angle shape, with a correct null
at high angles, but the back lobe arose too much reducing further the F/B to a poor 7.5 dB. (In the
following plots the blue trace represents the situation before adding the grounded fence).

Total Field EZMEC+

0 dB

* Primary
GDFA+ el

525 MHz

Elerwation Plot Curzor Elew 25,0 deg.

Azimuth &ngle 75,0 deg. Gain =27 54 dBi

Outer Ring =27 54 dBi 0,0 dBmax
0,0 dBmax3l

30 M Gain 27 54 dBi

Slice Max Gain - -27 54 dBi (@ Elev Angle = 250 deg.

Bearnwidth 41 3 deq. -3dB @ 6.4, 47 7 deq.

Sidelobe Gain - -34,18 dBi & Elew Angle = 1350 deg.

Frontf=idelobe 664 dB

Total Field

* Primary
GOFA+H &z

Azimuth Plot

Elewation Angle

Outer Ring

20 Max Gain
Slice Max Gain
Front/Back
Bearmwicth
Sidelobe Gain
Front!Sidelobe

Than | tried to move the fence 5 meters away:

Cursor Az
250 dey. Gain
=27 54 dBi
-27 .54 dBi

EZMEC+

1,525 MHz

75,0 deg.

-27 54 dBi
0,0 dBmax
0,0 dBmax3l

-2V A4 dBi@ Az Angle = 75,0 deg.

7,57 dB

91 7 deg.; -3dB @ 34,2, 1259 deg.
-34,98 dBi @ Az Angle = 2700 deg.

7,44 dB



Total Field EZMEC+
Total Field EZMEC+ A
0 B * Primary
' Primary QDFA+1az
GADFA+1el
: 1,625 MHz
1 525 MHz
Only a small improvement, so | moved it to 10 meters distance:
Total Field - Ezngc+  TotalField EZEC
' Primary ' Primary
GIDFA+1el GDFA+H a2
1 25 MHz

525 MHz

Uhm...no difference! | forgot to move a so the telephone cable and the lighting pole.
After moving them to 10 m. distance the pattern is ailmost like before. (Blue trace without fence)

Total Field EZMEC+
Total Field EZMEC+
. 0dB ' Primary
Primary QDF 4+152
GADFA+1el
1 825 MHz

525 MHz

And what happened by deleting all other antennas and keeping only the QDFA on top of the
grounded fence? (Primary trace only fence and blue trace all together).

) Total Field EZMEC+
Total Field EZMEC+
. 0dB ' Primary
Primary GDFA+daz
CIDFA+del
1,825 MHz

525 MHz

Not a great difference, so it is proven that most interaction is due to the fence and, if thisis
not grounded, it gets worse and totally destroying...so, definitely, | must give up with this project !

May 12, 2011 LuisV3PRK



