4 x 9 el Yaqi for 432 MHz

SM6FHZ



Background

 Needed a compact, light weight antenna for 432 MHz.

« Specification
— No metal boom
— Back mounted

— Possible to feed with a open ladder feed network i.e. 200 ohm feeding
impedance

— Low noise i.e. low side lobe and back lobe levels

« Using readily available materials
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Model, bottom view
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Model, close in on feeding
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Model, close in on feeding




Comments

« 20/15 mm fiberglass boom

» Stacking distance 850 mm in E-plane and
880 mm in H-plane

» Matching done by a lumped inductance
(100/120 nH) across the feeding point at
the dipole. 6 turns, 1.2 mm copper wire, 7
mm inner diameter, 20 mm long, tune
inductance by bending colil for best return
loss.
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Element dimensions

Parameter List

MName £ | Value Description
Dipole_left -148 Dipole left end
Dipole_right 148 Diipole right end
Cirl_len 151.3 Director length/2
Oirl_pos 112 Director] position
Cir2_len 146 Director? length/2
Dir?_pos 2ii2 Directar? position
Cird_len 140.8 Directord length/2
Cird pos 456.6 Director3 position
Cird_len 1359.2 Directord length/2
Dird_pos a0 Directard position
Cirs_len 136.7 Directors length/2
Oirs_pos 969.7 Directors position
Cirg_len 138.3 Directors length/2
Dir6_pos 1174 4 Directort position
Cir?_len 134.5 Director? length/2
Cir7_pos 13584 Diirector? position
B rad 3 Blement radius
Refl_len 168 Reflectar length/2
Fefl_pos -124.9 Reflectaor position
StubC_len 1 Matching capacitive Stub length
Stub_len 10 Matching Stub length
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Simulated S11 (100 nH)

| E T0cm_yagi_%el_6_1_opt2_ind1_mod_freq_extended_thick_boom®
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Simulated S11 (100 nH)

b

| E= 70cm_yagi_9el_6_1_opt2_ind1_mod_freq_extended_thick_boom™ [

S-Parameter [Magnitude in dB]
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3D Schematic 1D Results\s-Parameters\s1,1 [
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Simulated S11 (120 nH)

meter [Impedance View]

S-Para

51,1 (200 Ohm)
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| E T0cm_yagi_%el_6_1_opt?_ind1_mod_freq_extended
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Simulated S11 (120 nH)

| E 70cm_yagi_%el_6_1_opt2_ind1_mod_freq_extended_thick_boom [

b

S-Parameter [Magnitude in dB]
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3D Schematic 10 Results\S-Parametersis 1,1 £
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Inductor dimensions

—Air Core Inductor

Calculator Group:

Discrete Inductance v

Show All

S

Wire Inductance

[ —

Air Core Inductor

Dimensicnal units: @mm (mils

Strap Inductance

EEE _ .
Wire Inductance Dimensicnal units: '"® mm mils
ID (inner diameter) = 6
AWG (magnet wire gauge) = 12
7 N {(number of turns) = [
Strap Inductance D ' Len '
000000 [ COOC)
N, d len LinH)
[eeaees) YL N-Tuzus, 4 Calculate
Solenoid Ind. D AWG
c0oean Co0CO
N.d AWG
[seeeee] L (Inductance - no leads, nH) = 144.15
Air CoreInd. D (wire diameter) = 2.05
d (inductor diameter) = 8.05
Len (Inductor Length) = 12.32
Flat Spiral Ind. WI (Wire Length - no leads) = 164.10
Rdc (DC Resistance, copper, no leads, 085
mOhm) = -
a4 w?
Le——————  (mmtonH)
04572 - d +1 016 - Len
I6-AWG
d=ID+D D=0127.92 ¥
Len=D-H (AWG tomm)
—Air Core Solenoid
Dimensicnal units: '* mm mils
Wire Inductance -
d (diameter) = 3.0
len (length) = 150
7 N (number of turns) = 6
Strap Inductance Len |
— ¥
foscece) @8@e®
OOOOOON dlen L@ Calculate
: AL N-Tums 4 (Bl
Solenoid Ind.
000000 eeeE®
N.d, AWG
©CoCoo L (Inductance, nH) = 121.920
AirCoreInd.

dn?

T 04572 d+1.016 fen

Flat Spiral Ind.

e ID (inner diameter) = 7
M. d, len
[eesses]
Solenoid Ind. AWG (magnet wire gauge) = 16
[eesses]
N, d, AWG ;
[sssessl N {(number of tums) = 4
Air Core Ind. . :
D i Len i
Flat Spiral Ind. L(nH) }_JTOOOOO
YYD N-Tums, f Calculate
1D AWG
¥
L (Inductance - no leads, nH) = 121.1
D (wire diameter) = 1.29
d (inductor diameter) = 8.29
Len (Inductor Length) = 5.16
109.35

WI (Wire Length - no leads) =

Rdc (DC Resistance, copper, no leads, mOhm) =

272
s EE (tmm tonH)
04572 -d +1.016 - Len
AW
d=ID+D D=0.127.92 *
Len=D-N (AW tomm)
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120 nH inductance
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Measured Return Loss for 4x9 el

4 %9 el yagi tweaked in position

a
420 424 430 435 440 445 440 455 460

SM6FHZ 2016-07-31 Rev. PA5



Simulated E-plane pattern
9 element 432 MHz

| = 70an_yagi_Sel_6_1_opt2_ind1_mad_freq_extended_thick_boom= [Z] ',

b

Farfield Gain Abs (Phi=0)

0

farfield (f=432) [1]

Frequency = 432

Main lobe magnitude = 14 dB
Main lobe direction = 0.0 deg.
Angular width (3 dB) 36.5 deg.

180
Gi ( 180, -6.032)
Side lobe level = -19.8 dB

Theta / Degree vs. dB

Gi (49.68, -5.831 )
ETH) Schematic Farfields\farfield (F=432) [1] B
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Simulated H-plane pattern
9 element 432 MHz

| E F0cm_yagi_%el_6_1_opt2_ind1_mod_freq_extended_thick_boom® [

g (180, 6.032)
G (49.68, -1.197)

3D Schematic
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Farfield Gain Abs (Phi=90)

a

-60

Farfields\farfield (F=432) [1] £

180

Theta / Degree vs. dB
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farfield (f=432) [1]

Frequency = 432

Main lobe magnitude = 14 dB
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 40.2 deg.

Side lobe level = -14.5 dB



Simulated Gain over frequenc

| EZ 70cm_yagi_Sel_6_1_opt2_ind1 mod_freq_extended [ |

Max Gain over Frequency
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Mounting details

/
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Full array in situ
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Simulated E-plane pattern for 4 x 9 element
at 850 (E-plane) x 880 (H-plane) mm

| E 70cm_yagi_Sel_6_1_opt2_ind1_mod_freq_extended_thick_boom® [
h

Farfield (Array) Gain Abs (Phi=0)

0

farfield (f=432) [1]

Frequency = 432
Main lobe magnitude = 19 dB
Main lobe direction = 0.0 deg.

180
( 180, -1.022 ) Angular width (3 dB) = 20.2 deg.
Gi (49.68, -1.012 ) Theta / Degree vs. dB Side lobe level = -18.6 dB
D schematic Farfields\farfield (f=432) [1] )
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Simulated H-plane pattern for 4 x 9 element
at 850 (E-plane) x 880 (H-plane) mm

| E= 7ocm_yagi_Sel_6_1_opt2_ind1_mod_freq_extended_thick_boom* [
\

Farfield (Array) Gain Abs (Phi=90)

a

20 30 farfield (f=432) [1]

Frequency = 432

Main lobe magnitude = 19 dB
180 Main lobe direction = 0.0 deg.
( 180, -1.022 ) Angular width (3 dB) = 20.2 deg.
Gi (49.68, 3.764 ) Theta / Degree vs. dB Side lobe level = -14.5 dB

3D Schematic Farfields\farfield (f=432) [1] [
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