40m-10m DELTA LOOP ANTENNA - GUSWHN

Length of wire loop
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40m Delta Loop

This simple broad band antenna is easy to build, has gain similar to that of a dipole and is tolerant of nearby objects. It
can be erected in almost any configuration provided the wires are well separated otherwise it acts as a singe band
broadband dipole. | generally feed it in the centre at the bottom but a side can be used to give vertical polarisation, as
in a 4 sided quad. The gain over a dipole is claimed to be about 2db.

The formula “1005 / Freq (MHz)" is used to calculate the size of this inverted Delta Loop using either, a 4:1 balun for a
multi-band antenna, or a 750hm quarter wave section from the feed point to the 50 ohm feeder for mono-band
operation."

The bottom of an inverted delta loop makes it easier to support the fairly large 4:1 balun to match the nominal
impedance of 90-112 ohms. The addition of the balun allows the antenna to be used on several HF bands.

Mike GU3WHN
GU3WHN Delta Loop Installation Details
Wire 1.5mm PVC covered solid core electrical wire ( 100m drum)
Length approx 141 feet ( PVC alters the Velocity factor )
Balun Commercial 4:1 rated at 4kw
Feeder Random length RG8
Earth System Domestic earth changed from PME to TT earth ( Ground stake)
Shack(shed) 12 off 18" stainless steel rods bonded together and to equipment earth
Configuration Inverted Delta loop Top approx 60ft (18m ) at a height of 30ft(9m ) and sides approx 40ft (13m )
Feedpoint Via 4:1 balun at 10ft ( 3m) above ground
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. Z loop =112Q
Matching a mono-band loop

50Q coax any length M4 transformer section
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TX Zin =50Q —»

The Full Wavelength Delta Loop .

As the loop's characteristic impedance is about 112 ohms, the transceiver is presented with an SWR of about
2:1 if no matching is included. For multi-band operation matching can be achieved using a 4:1 balun and a tuner
in the radio shack. A mono-band version of the antenna can also be constructed by replacing the balun with a %4
wave transformer section using 70 or 75 ohm coax, as shown in the diagram above to provide the matching to
the 50 ohms impedance of the transceiver ..

Calculations:-
Assuming the Delta Loop’s is to be used on 40m - the centre of the UK band is 7.100MHz

(1) Wire length (feet) = 1005 / Frequency( MHz)

Aloop =__1005 = 141.55ft (43.14m) ( for mid-band
7.10 (MHz)

(2) Value of series section transformer coax
Zo (of the % A section) = \ Zin X Zout = \ 50 x 112 = 75 ohms
75 ohm coax can be used for the series section transformer.
(3) Since we have already calculated the full wave | length, and know the VF of the coax to be 0.66 ( RG213);
Actual Transformer length = A4 = (A loop) x VF = 141.55x 0.66 = 23. 36ft (7.12m )
N.B. To convert feet to metres multiply by 0.3048 ‘ ‘
By using a transmission line with a characteristic impedance of 75 Ohms, the 112 Ohm load is matched to 50

Ohms, and the transmitter's 50 Ohms impedance will deliver power to the antenna with no power being
reflected back to the transmitter.
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Full Wave Loops Peformance

The larger dimensions of the loop compared to the half-wave dipole increases the radiation efficiency.

The feedpoint impedance of a full-wave loop in free space is approximately 100-120 Q with a gain over a dipole
of 1.35 dB. However when installed close to ground the feedpoint impedance can vary from 50-240 Q depending
on configuration, orientation, and choice of feedpoint. Hence in practice some type of feedpoint matching system
is required.

The loop can be arranged as square( quad) or diamond, equilateral triangle with apex up or down, feedpoint on
the bottom, side and corner. Each variation changes the characteristics slightly regarding the impedance, gain,
polarization, pattern, and from the DX point of view the take-off angles. The horizontal radiation pattern looks like
a"figure-8" and is perpendicular to the plane of the loop.

The variety of one wave length loop shapes that can be deployed to suit the QTH .

“Equilateral “Quad Loop”
«— ~1/3A ™ Delta Loop” -« 1/4 )\ —»
By X
13 1/4 A T
\‘ 1/4 A
G E i
c\ [ele
- 13\ —*> H~1/3A4H~1/3)\H - 13\ —*>

Note:- Loops A-E have sides approximately (~) 1/3 wavelength but overall circumference delta loop is the same
as an equivalent quad on the same frequency, i.e. 1005 /F(MHz) feet or 306.31 /F(MHz) metres.

Loop Polarisation Far Field Radiation Angle | degrees
A Horizontal Moderately High 47
B Horizontal High 80
C Horizontal High 80
D Vertical Low 27
E Vertical Low 20
F Vertical Low 27
G Horizontal High 80

Loops “B,C,G" are very good for short skip communications and loop “A” for the first skip of 400 miles
(650kms). Another point to note is that if height is a restriction then the loops will work if the are sloping,
but it is best to keep the bottom of loop at least 2m off the ground.
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AIM 4170C Antenna RF Analyser SWR plot for the GU3WHN 40m Loo

Min SWR = 1.08 @ 28.790 MHz
Resonant freq: 3.0533 . 4.4102 , 57634 , 6.7755 , 7.1207

Imag AVG= 16
Rs Xs Theta Smoothing = 3§

200 [ 100

Freq = 2.2233

Freq Step = 0.0100
Zo = 50.000

SWR = 13.750
Imag = 27 661
Theta = &0.139
Refl Coef = 0.864
% refl power = 747

Equivalent Circuit:
Rz = 4736
0 Xs= 27252

t t t
20 8.0 14.0 200
FREQ (2.0 MHz/div)

May 11, 11 17:54:11 40m inverted delta loop

Q=58

t
26.0 32,0 Ls = 1.9508 uH

Rp = 161.504

Xp = 28.076
Lp= 2.0098 uH
Gp = 0.006192

Bp = 0.035618
-100 ——350

FILES:
18mar2011 . acal
_AIM_default_cfg

-200 ——100

Interpreting the SWR Plot

return loss is zero or extremely small."

impedance has increased.

At 7 MHz the full wave loop is resonant — and with the 4:1 balun produces a SWR of 1:1. The actual
reading is 1.071 on side panel - since there is very little reactance - the load looks much like resistance
Theta angle is small. Since the antenna is "matched " the return loss is zero or extremely small.

At 14MHz the loop is 2 wavelengths long and presents a high impedance. SWR is HIGH and the reactance
is very high therefore theta is small. As the antenna is "no longer matched " the return loss is very high.

At 21 MHz the loop is now 3 wavelengths long and is matched again with a low SWR - as there is very little
reactance the load looks like pure resistance and the theta angle is small. As the antenna is "matched " the

At 28 MHz the loop is four wavelengths long and the SWR is fairly low but there is a return loss because the

About the AIM 4170C Antenna RF Analyser

It’'s packed with a host of features all in a small black box interfacing to
a computer. As can be seen from the plot above and those on the
succeeding pages the Aim4170 can provide readings for the SWR
referenced to any impedance, return loss, reflection coefficient, the
resistance and reactance and phase angle of the antenna, and much
more.

This is an essential piece of kit for anyone interested in building antennas

ARRAY SOLUTIONS

AIM 4110

POWER
| |
ON-OFF

Proof reading by G3YEU

Graphics By G8ODE Apr 2008 iss 1.3




40m-10m DELTA LOOP ANTENNA - GUSWHN

AIM 4170C Antenna RF Analyser results for the GU3WHN 40m Loop

Zmag A= 16
10 Resonant freq: 7.1129 Rs X5 Theta
. 200 [ 100
R T Freq = 7.09975
H 1 Freq Step = 0.01000
o Zo = 50.000
T T SYWR = 1.031
4 1 Fmag = 49.002
Theta = -1.315
0.5 — 100 — 50

Refl Coef = 0.015
4 1 % refl power = 0.0

\ Return Loss= 36 27db
T ﬁ_’" ShortfOpen Circuit:

Cable Loss= 18.14db

E = Equi Circuit:
| : | Rs = 48.989
o t + t 0 xs= -1125
R 6.988— 100 7.200 7.300 7400 Q=00
! Cs = 0.0199 uF
T FREQ (0.050 MHz/div) = w
1 T 49.015
L4 1 -2134.610
o 10.502 pF
5 T G 0.020402
15 0 _100 150 Bp = -0.000468
(dB) 1
FILES:
T T 18mar2011_ acal
T 1 _AIM_default.cfg
20.0- -200 —/—100
May 14,11 10:51:52
Zmag AVG= 16
10 Resonant freq: 14.1959 Rs X5 Theta
: 200 [ 100
R T Freq = 1415012
H 4 1 Freq Step = 0.01000
o Zo = 50.000

SWR = 3.639
- 4 Zmag = 175308
>< Thela = 14.391
03 5 ® ReflCoer - 0.569
p 4 % refl power = 32 .4
Return Loss= 4.90db

ShortfOpen Circuit:
5 a4 Cable Loss= 2.45db

- + Equivalent Circuit:
I | | | | Rs - 169.807
° ) T ¥ t 0 xs= 435869
R 13.900 14.000 14.100 14! 14300 14.400 14500 Q= 0.3
T FREQ (0.050 MHzfdi Ls = 490.0487 nH
1+  rRep- 18098
L Xp = 705379
° Lp = 7.9338 uH
= Gp = 0.005525
15 .0 Bp = 0001418
a8y | 1
FILES:
T T 18mar2011 _acal
E 1 _AIM_default .cfg
20.0-1 . -200 -1 100

May 14, 11 10:53:31

Zmag AVG= 16,
1.0 Rs Xs Theta
X 200 | 100
R T Freq = 18.13524
H 4 1 Freq Step = 0.00500
0 Zo = 50.000
T T SWR = 11.632
p 1 Imag = ¥1.814
Theta = -79.514
05 4 I 100 =50 ceficoer = 0.842
1 % refl power = 70.8
Return Losz= 1._50db
T T Short/Open Circuit:
B 4 Cable Loss= 0.75db
e + Equivalent Circuit:
Rs = 13.070
0 } } + t 0 ¥xs- 70615
R 18-6666 T6-6406 16-6666 1671266 T6-1606 6-2000Q = 5.4
T FREQ (0.0100 MHz/idiv) Cs = 124.280 pF
1 T Rp = 394 601
Lo 1 Xp = -73.034
o Cp = 120163 pF
5 T Gp = 0.002534
150 I _100 1 _5n Bp = -0.013692
(dB) | 1
FILES:
T T 18mar2011.acal
_AIM_defauh.cfg
20.0- . -200 =L 100
May 14,11 10:54:41

Proof reading by G3YEU Graphics By G8ODE Apr 2008 iss 1.3




40m-10m DELTA LOOP ANTENNA - GUSWHN

s\ N

- - o

AIM 4170C Antenna RF Analyser results for the GU3WHN 40m Loop

FREQ (0050 MHz fdiv)

May 14, 11 10:56:33

2 1
15.0— 100 50
(dB) | 1

e~

20.0- 200 ——100

AVG= 16

Freq = 21.19963
Freq Step = 0.01000
Fo= 50.000

SWR = 1.674

Imag = 43.500
Theta = 27.239

Refl Coef = 0252

% refl power = 6.4
Return Loss= 11.97db

ShortiOpen Circuit:
Cable Loss= 599db

Equivalent Circuit:
Rz = 38676

Xe= 19910
Q=05

Ls= 1494704 nH

Fmag
Rs X=s Theta
1.0 — o
200 100
R 4
H
o
0.5 — 100 ——50
——————
0 } + t o
R 20900 21.050 21200 21.350 21.500 21.650
i
T

Rp = 48925
Xp= 95040
Lp= 713.5083 nH
Gp = 0.020439
Bp = 0.010522

FILES:
18mar2011_acal
_AIM_default_cfg

Imag

10 Resonant freq: 28.6798 Rz Xs
: 200 ]

0.5 —

AVG= 16,

Theta

[ 100

L 50

27 900

o]

e 1
15.0— I
[CEV

-® g

=400 MHz/div)

-100 —

900

—a0

20.0- - -200 =
May 14, 11 10:57:26

Freq = 235005
Freq Step = 00500
Fo = 50.000

SWR = 1.651

Imag = 63.438
Theta = 24267

Refl Coef =0.245

% refl power = 6.0
Return Loss= 12.20db

Short/Open Circuit:
Cable Loss= 6.10db

Equivalent Circuit:
Rs = 57833

¥z = 26073
Q=05

Ls = 1455963 nH
Rp = 69587

Xp = 154354
Lp= 08620 uH

Gp = 0014371
Bp = 0.006479

FILES:
18marzD11 . acal
_AIM_default_cfg

—100

(13mS/m) with a soil conductivity of 13.

bushes and their effects in the near field of the antenna.

The following pages have a GAL-ANA model of the GU3WHN inverted Delta Loop. The model was created
assuming that the feedpoint impedance was 112 Q, and that the bottom of the antenna with the balun was
at a height of 2m above the ground. The NEC2 engine was used together with the Sommerfeld-Norton
correction for the close proximity of real ground, the characteristics of which were modelled using average ground

The results bear a fairly close relationship with the measured results that Mike G3WHN measured in his garden.
The differences can be attributed to the simple model’s inability to account for the local environment — trees and
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o >, ’A’_T_‘\‘ % h £33 NEC - 2 £
£ ; F = 7.050 MHz
( g \ Ga =571 dBi (Outer ring)

Elev .angl = 89.0 deg.

| Z=108.99 - j75.45 COhm

\ / SWWR =196 (112.0 Ohm]

Ground: MIMINEC Die = 13.0 Cond = 5.0(mSAm)

SR 207112000y

st B - 3
T TN F =14.150 MHz
» Ga = 5.02 dBi (Outer ring)
— il } ? Elew.angl = 90.0 deg.
7 = 207 34 + 51 47 Ohm
SR = 207 (112.0 Ohm)
Ground: MIMINEC Die =13.0 Cond = 5.0(mShm)
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Rl |1 =

F=21.200MHz

Ga =540 dBi (Outer ring)

Elew .angl =132.0 deg.

I=092E63+(10413 Chm

SR =271 (1120 Chim)

Ground: MIMNIMEC Die =13.0 Cond = 5.0(mSim)

ELETITT

Rl |1 =

F = 25500 MHz

Ga = 5.05 dBi (Outer ring)

Elew .angl = 89.0 deq.

I=20973+j248.18 Ohm

SR = 4 67 (112.0 Chim)

Ground: MIMNIMEC Die =13.0 Cond = 5.0(mSim)

B e = 504, Eo i A2 e =D 1t i = 30381
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Pictures of the inverted Delta Loop as installed in the T I
Garden in sunny Guernsey. Note that the coax from /
the bottom of the balun is tied to the wooden garden i

structure to prevent the antenna swaying into the

bushes during high winds.
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