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Overview.

NEC-Based Antenna Modeling isian
Indispensable part of antennal design.

BUL... ['Ve never made alsingle; contact on a
modell

Noi lack off confidence; in NEC, but rather ailack
of confidence in my: ability’ to medel (antenna
anddelnvironment), and theni implement the
model;

Tirust but verifiy: (the more I can measure, the
petter I sleep)).
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Two Years Ago on this very Spot...

At the Antenna Forum in 2008 I presented some
WOrk onl measuringl complex antenmnal currents
ONn phased arrays using a VINA, ailittle custom
Naradware, and Seme custom sofitware.

Measured: currents were; inserted back inte
models to create gain and pattern predictions,
across the whole; band, not just 1 freguency.

I'wanted! ter cross chieck my. results, especially.
When they seemed a. //ttie strange.
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IWo) Years Agdo...

Consider my: 6-element 80’ meter phased verticall array,
targeted for the SSBI DX window.

Due to the use of trapped elements: (for 2 banad
Operation)) andicompromise spacing (407, I always
expected a small performance; bandwidthron: 80 m.

Initially;, I'was happy: ter hit my: tardet currents at the
Single design! fiequency,, but that's ene! freguency.

Because I had amn 80 m Invertedl Vee several hundred
feet away, located on a major axis, I realized that 1
could measure the F/B' ratier Using bethi antennas and
two VINA transmission measurement SWeeps.
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Two Years Ado (2)...

EMEC+

Inv. Vee

Hex Array | /\

Secondary

Sweep, the transmission FESPONSE in GnNe
direction, then the other, transfer ter an Excel
spreadsheet, subtract: back firom firont to
produce the F/B ratio, graph the result.
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Two Years Ado (3)...

80 m Hex Array Measured vs. rymINEC FiB

—ties. F/IB
s T NE C

Frequency (KHz)

Similar results using two different approaches — cross chiecking.
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Twoe Years Ado (4)

Measurement ofi the /B! ratior using my: heme
aritennaitest rarngewas! fiast and easy, but It wWas
a lucky: accident: to have ajsecond antenna close
to the desired alignment, and preexisting
transmission lines comingl tora central peint.

I'wanted tergeneralize the measurement
appreach;, and uselt inrother sithiations. Tihis
presentation) descries Wiiat nappened next...
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Let’s Get Iihrougn the /eory...

What are the factors controlling the signal level between the
transmitter and receiver?

Tiransmit Power [Level

Cable l.osses

DU Antenna Response (AU

Path/Propagation: Characteristics

Secondary Antennal REsponse

Receiver Settings (attenuator/preampy/detector calibration)
All'we care about, and what we want to) Isolate, Is the AUT
response.

We cani do that by trappingthe desired AU characteristic between
two measurements that are then subtracted.

So long as everything but the AUT response is held constant, the
AU characteristic Is'all that remains.
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Theory (2)

Measurement A Measurement B
F /B =(AUT pin+8)~(AUT pirz +5)
F/B — fiUTD;'rl _4'4 UTDI'F‘?.

It 1S ebviously: essential that all conditions (S) other than
the AUT response; be; held constant across
MEasUreEments.

- not, their difference will shew: up: inithe finalf result:

Tihis is not al true F/B measurement, since it's comparin
one directions! front: ter anether's back (Unless We rotate).

We are making| signall strength transmission
measurements; and Ignoring the plase response.
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What Can We Measure?

Most anything that canibe captired asia
pailr Of subtracted measurements.

/B Ratio: Perhaps the most 6bvVieus:

Galn: By comparing against a referemnce,
sUchias the, gain o arsingle element inr the
arrays.

Side to Side Ratio: Helps detect pattern
distortion/symmetnry.
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Antennal lest Range

We are talking about creatingl a traditionall Antenma liest:
Range envirenment areund our backyard antenmnas;

MUchi has been written: on this topic, many: good
references.

Iihe #1 requirement is to be able to)test in the, /ar field,
peyond the Fraunhoefer distance (d = 2D2/\). Other rules
of thumb suggest 3 te) 10rA separation; (Minimum).

For the HE bands, the distance between the AU
(Antenna Under iest) and the secondary. antenna Needs
to be several hundred to several thousand fieet.

Tihis means that we need to be;able te eperate and
Synchrenize a transmitter and! receiver connected to the
two antennas within' a fiew: miles, off each other.
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Antenna liest Range (2)

Given the distance, We aren't going te: be able to rin
cables between the antennas; sorwe will need two
separate;synchronized and' calibrated stations.

Each station| consists of a radio, contrel computer and
antenmna

Tiwo relatively’ close stations, or one;fixed and ene
mobile station.

IHOW! do; we synchronize the stations?

Being al computer geek, arwireless; Internet seheme was
considered, but in the end, ar simplel trigger and sweep.
scheme has worked well;
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The Software

A single; pregrami (Soil) is, used! on| both sides (transmit
and receive) ofi the, measurement.

Jihe pregram! controls a radio; transcelver.

Needed capabilities;are minimal — CW transmit, chande
freguency, read S Meter.

Currently: works with ICOM radies, but is built Upoenian
extensible gevice arvermodel.

Based upen' S Meter calibration; across al 60 dB range.
Given the typical distances and signalilevels; 0/ dBiis
mapped close tor +40to +-50 over SO on the S Meter.
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S Meter Calibration

S Meter Data Graph

S Meters are usually
poorly’ calibrated oni the
meter, but I you| can
reéad the meter over the
computer interface; you
Can Create your own

calibration: curve.

Creatingla 60/ dB range
withi 1 dB'accuracy Is not
difficult.

Use an RE Generator
and calibrated step 0 KHz
atten UatOr for Setu p " Show Continuous Meter not Data

My IC-706MKIIG Calibration Curve

S Meter Radio Data Level

S Meter Radio Data Level
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Sweep) Description

Eachl radier must follow: the same freguency: list.

Tihe list specification has, 3' parts.
s Spoet Freguency: (optienal): (fox setting signal levels).
= Primary Start/Step/Step.
s, Secondary Start/Stop/Step (optional) (region of higher detail).

MMeasurement Parameters

Tirming Frequency Points {in KHz)
Period:
Duty Cycle:

Switch Point:
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Timing and Control

Each station sits idle; until the sweep is started on the transmitter
computer by the operator.

Tihe receiver computer constantly reads the S Meter and detects the
first signal that exceeds the signall threshold. That starts the

fEceiver cycle.
Duty Cycle

—)
XMIT Freq.

switch
= point

Timing
Period: | 1000
Duty Cycle:

Switch Point:

e
w
e
w
1 LR
w
F
w

Trigger Threshald: | 10 de

+-—p
Period

With 1 sec. Period and 40 CPS, ~8 samples are
averaged to make one reading. A whole band
can be swept in around a minute (60 points).
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Iiransmitter Perspective

Soil - Son of iLash Q@
The XM IT bu t.ton tu rn S File  Edit g.rmcnl Tools GFS  Help
on! the transmitter for TG

setting signalfievels, 4 Points:

Start begins the sweep.

e F 3
Timing errors; show HrEAEney

deviations from the high' | BRI CEET U RN

resolution CPU counter,
WHRICHI IS Very accurate in

the short term. —

Timing Errors:

F.Lnning. .. [CFOEMKIIG
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REcelver Perspective

Soil - Son of iLash l;”g“g]
File Edit Control Tools GPS  Help
Config || ¥MIT | BCY |gr‘|alﬁ,-'sis|

5 Meter (dB) Receive Side Contral Data Capture

# Points; 32

Frequency: | 3730 KHz

Time Remain.: | 0:28.0

Stop

Timing Errors: | 0/0 ms

3720 3730
Limited Samples: | 32/0 (LO/MI) 2 i | »

2650 KHz tanual Trigger Time Zoom: b, ‘ Data Sel.: ] analyze. .,

Connected R.UAning... [ 70EMKTIG [N IC-F0eMETIG
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Analysis Perspective

Soil - Son of iLash
Fle Edit Control Tools GPS  Help

| Config | ¥MIT |RCY | Analysis

Trace Selectar Trace Graph

60.0 A: 14:34:23
50.0 B: 14:33:47

40.0
30.0
20.0-
10.0-

D 0.0+

-10.0-
-20.0-
-30.0-
-40.0-
50.0-
60.0

L
=]
=T
w
- -

Frequency (KHz) 600 X 400

Disconnected Ready <No Names
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Pitfalls and! Potential Problems

Many. For example, probably’ not appropriate for NVIS.
QSB/QRIN/QRM. Best done on a dead band with ne QSB.

Greundwave rather than Skywave signals: Ground
clutter. Better to be locatedl higher than the AU rather
than lewer.

Developr Expectations from| Models (Understand
Greundwave/low: angle benavior):

Signall Overtiow/Underiiow.
Antenna Aligament: Errors.
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Groundwave Characteristics

Jihe antenna benavior:

may Sh/ﬂ' at 80m 4-Square F/B at Different Elevations
groundwave elevations. ez - =
Modeling canihelp

ieveal Wiiat te expect:

Consider how! the E/B
Might change as a
function off take-ofif:
angle.

LLower angle;, higher
/B In this example.

Frequency (MHz)
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Groundwave Characteristics (2)

Tihe frequency. of the

F/B peak may even 40m Cardioid F/B at Different Elevations
Shifit as function of —
take-offf angle.

This is a 40m 2-EL

array: with a cardioid

pattern. As the take-

Ofi*angle dreps the e N
E/B' peak freq. drops T e
to0.
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Antenna Alignment

Azimuth Tracker (Active)
Use a decent: Compass
(<= 1° accuracy) and
GPS.

Origin:

WEaWWYV Tower
Tracker: 2890
<Current Fix=

TOA: -3.4°
ALT: -37.4 t
DIST: 629.4 ft { 0.1 mi)

Tracker:

I learned' my: array Was ofii by 62 Origin:
Be sure to factor in declination. WEWWY Tower <Current Fix>

o Help |
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Minimal Mobile Requirements

It's a joke.

Apologies to
the owner..
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Radio/Computer Mobile Test Stack
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Results: 160 m KSR Array.

Described in 4t edition: of
ON4UN's LewBand! DXing.

DRVER /2, A CENLEN
element surreunded by 4
parasitic/ I elements,
tunedl as either epen,
director, or reflector.

3-Elfend-fire array’ in 4
directions, plus omni
mede.
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160 m KSLR Array: Gain from NEC

Array 19

NEC P
MOdeI Array 1
Results Analysis
at 19° s
and 10 Err;na?;;is
take-offf B

ang|es Omni 19

Analysis
~5 dB Gain
daliil GVer:
omnij, roll
ofiir 6N
ends.

Frequency (MHz)
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160 m KSLR Array: Gain from
Measurement

Measured array K3LR 160m NE Gain 6

and emni, with ' Y A14:33:47
: - B: 14:38:09

Secondary.

antenna

fESPONSE and

COMPAKISeNn.

o o 9o O
M = W W
o W W o
- = @ o

Frequency (KHz) 543 X 385
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160 m KSLR Array: Gain from
Measurement (2)

Closer |00k at K3LR 160m NE Measured Gain

the measured
ariiay/ dali GVer
the emni gain.

Frequency (MHz)
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160 m KSLLR Array: F/B

K3LR 160m NE Measured/NEC F/B

Array 14

1 and 19° pEhae
F/Biare Al
virttally e

Mes F/B

identical. e

L=

INoOt really

pure F/B.

LBDXView —
ON4UN 5t
edition.

Frequency (MHz)
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160 m KSLLR Array: Side to Side

Useful to check for
pattern distortion. A 14:37-13
Sensitive to azimuth igg B: 14:36:15

alignment. 30.0
=20.0
=10.0
0.0 9@
--10.0
--20.0
--30.0
--40.0
--50.0
-60.0

K3LR 160m Side to Sigg

471 X 385
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KSAZ 40 m Yagl's

3 different 40 rmeter
Yadi's
s 4L @ 130’

m 2L @ 70’
= 2|L @ 65 (fixed140)

IFused my: 20 meter
Yagl (@607 as a
secondary:antemnna.
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K8AZ 40 m Yagi's (2)

41 E/B Measurement:

KB8AZ 4EL 40 F/B

E: 16:08:31
F: 16:06:26

640 X 400
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K8AZ 40/ m Yagi's (3)

2L “House™ E/Bf Measurement:

K8AZ House 40 F/IB

A:16:02:47
B: 16:00:27

640 X 400
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KSAZ 40 m Yagi's (4)

4)_ Versus 21t Gain Comparisen:

K8AZ 4/2EL Front Gain Comparison

[11]
=

Frequency (MHz)
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Power Attenuator Pads

Spill power for' Receive or liransmit torhelp
set signal levels.

Proetect Iiransmitier from large; SWR
swings on small’antennas (Sueh’ as
mobBile).

V/alues such as} 3, 6, and’ 10 dB;are usually.
usefuls
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Pewer Attenuator Pads (2)

Eormulas and Calculators all over the
place (boeks & Internet).

PI'and TEE designs — select based upen
RURtING results for nen-INAdUCtVE power
[{esIStors.

Geod brushrupron Ohm's Law! and resistor:
NELWOLKS.
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Pewer Attenuator Pads (5)

-6 dB 38 Ohm Pad .
37.33

Use Openiand Shorton
output te guickly:
characterize SWR limiting;

More attenuation = more.  W/Open: Z = 83.5, SWR = 1.67
limitingl = more wj/Short; Z = 29.8, SWR = 1.67

dissipation. (6 dB pad)
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Pewer Attenuatoer: Pads (80m)

80 Meter Hamstick SvWWH

B0normal
SR

S0xEdB
SWWH

B0 10dB
SWVR

o
=
3
Nl
]
=
2
7]
=
=
=
]
it
2
7l

3.500000
4.000000

Frequency (MHz) *
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Pewer Attenuatoer: Pads (80m)

80 Meter Hamstick SvWWH

B0normal
SR

S0xEdB
SWWH

B0 10dB
SWVR

o
=
3
Nl
]
=
2
7]
=
=
=
]
it
2
7l

/
\

|

3.500000
4.000000

Frequency (MHz) *
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Pewer Attenuater Pads (160m;)

160 Meter Hustler SWH

160narmal
SR

160XEdB
SWWH

160X10dB
SWVR

o
=
3
Nl
]
=
2
7]
=
=
=
]
it
2
7l

|

1.800000
1.900000

Frequency (MHz) *
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Pewer Attenuater Pads (160m;)

160 Meter Hustler SWH

160narmal
SR

160XEdB
SWWH

160X10dB
SWVR

o
=
3
Nl
]
=
2
7]
=
=
=
]
it
2
7l

1.800000
1.900000

Frequency (MHz) *
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Conclusion

Anoether tool for the kit. Never enoughi checking and
Crossi checking.

Tlakes some time to set up, but ence youlare measuring,
large; amounts; off data are quickly’ collected.

Don't kill yeurselir (especially: when; mobile).

Don't cause ORM, dead bands are good fior stable
measurementsiand reducing QRIVI.

Please contact me iff you are interested in the software.
Tihanks te KSR and K8AZ for thelr help and time.
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